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Table 5. RB and photoproducts in normal, untreated blood

Concentration (nM)

Compound average (range)
RB 23.9 (8.6-79.6)
LC 11.4 (0.0-75.3)
2KF 2.0 (0.9-3.4)
4KF 1.2 (0.5-2.4)
FMF 5.0 (1.7-11.5)

Hustad has reported a value of 6.9 nM (2.7-42.5 nM) for RB
concentration in plasma (n = 63) (37). In a later report, Hustad
reported the average RB concentration in the plasma of 124 senior
citizens as 15.3 nM (5.4-28.4 nM) (25). Capo-chichi reported in
2000 that the median concentration of RB in 10 infants and 10
adolescents to be 20.9 nM (12.7-53.4) and 18.5 nM (8.2-57.8),
respectively (25). We now report for n = 30, an average value of
23.9 nM (8.6-79.6 nM) (Fig. 3). The higher mean value observed in
this study might be a reflection of the fact that no additional protein
precipitation or extraction step was required in this procedure re-
sulting in higher retention of starting levels of RB, or might be due
to partial leakage of erythrocytes still present in the buffy coat
platelet products.

Photolysis of RB during the MIRASOL process results in the
formation of four photoproducts: 2KF, 4KF, FMF and LC. These
four photoproducts were found to be present in apheresis platelets
that had not undergone any photochemical treatment, although at
a much lower concentration (Table 5, Fig. 4). It is also important to
note in this context that the concentrations measured in the platelet
products will be diluted by a factor of 16- to 20-fold upon infusion
of the products into a patient’s blood stream, thus lowering the
difference between concentrations determined in these products
and the levels naturally circulating in blood. The demonstration of
the existence of these agents in naturally occurring blood products
suggests that the introduction of a RB-based PRT process will not
introduce new agents into the blood supply, which are not already
present to some extent. The consequence of increased levels of
these agents in blood products resulting from this process is being
evaluated in separate toxicology studies, which include short-term
and long-term exposure to each of the agents described and

Overlay: Endogenous RB
Photoproducts vs. llluminated RB

Riboflavin

Endogenous

Lumichroe L _____ lluminated RB

2'-Ketoriboflavin

ﬁ. 4'-Ketoriboflavin
It

t
H Formylmethy flavin

Fluorescence Intensity

Retention Time (minutes)

Figure 4. HPLC photochemical profile generated during treatment of 50
pM RB in apheresis platelet concentrates (MIRASOL-treated apheresis
platelet concentrates) overlaying the photochemical profile generated by
direct measurement of a sample of untreated apheresis platelets.

characterized in this study (38—45). The presence of these agents in
our blood, the ubiquitous nature of RB exposure, its presence in
our diets and our ability to metabolize it and manage its inherent
photochemistry suggests a low risk profile for this product. These
features in combination with the pathogen reduction capacity of
this system have the potential to greatly enhance the safety of blood
products presently offered in routine clinical practice.
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Toxicity Testing of a Novel Riboflavin-Based Technology for Pathogen
Reduction and White Blood Cell Inactivation

Heather L. Reddy, Anthony D. Dayan, Joy Cavagnaro, Shayne Gad, Junzhi Li, and Raymond P. Goodrich

The Mirasol PRT System (Gambro BCT, Lakewood, CO)
for platelets and plasma uses riboflavin and UV light to
reduce pathogens and inactivate white blood cells in
donated blood products. An extensive toxicology
program, developed in accordance with International
Organisation for Standardisation (1ISO) 10993 guide-
lines, was performed for the Mirasol PRT system. Test
and control articles for most of the reported studies
were treated (test) or untreated (control) blood pro-
ducts. For some studies, pure lumichrome (the major
photoproduct of riboflavin) or photolyzed riboflavin
solution was used. Systemic toxicity was evaluated
with in vivo animal studies in the acute and subchronic

HE COLLECTION, SEPARATION, and
transfusion of red blood cells, platelets,
plasma, and fractionated plasma components are
essential medical practices, often required for the
preservation of life and for the treatment of disease.
Although the transfusion of these components is a
vital therapy, transfusions are still associated with
some risk for transmission of disease to the patient.
Bacteria, viruses, and parasites are all potential
sources of infection that have been transmitted by
allogeneic transfusions.! Residual donor white
blood cells (WBCs) can cause a series of severe
immune responses in a transfusion recipient, result-
ing in the failure of the transfusion or other
complications as a result.”™* Prion-transmitted dis-
eases are also a recent and growing concern owing to
the potential transfusion-mediated transmission of
variant Creutzfeldt-Jakob disease (vCID).>™
A number of safety measures have been taken to
reduce the risk of disease transmission. They
include increased diligence in preparing the donor’s
arm before donation and diversion of the first
portion of blood from the donor to decrease the
risks of bacterial contamination of the blood
product.” Decreasing the risk of bacteria-related
morbidity and mortality in recipients was also the
driver for the reduction in storage time for platelets
from 7 to 5 days.'” Additional approaches to
prevent disease transmission include the use of
questionnaires to screen donors and thereby mini-
mize the risks of collecting blood with viral or other
diseases, the use of antibody testing and nucleic
acid testing to detect viruses, and the use of culture
techniques to detect bacteria.'!" y-Irradiation has

settings. Developmental toxicity was evaluated with an
in vivo animal study. Genotoxicity and neoantigenicity
were evaluated with in vitro and in vivo tests.
Hemocompatibility and cytotoxicity were assessed with
standard, in vitro assays. The pharmacokinteics, excre-
tion, and tissue distribution of '*C-riboflavin and
its photoproducts was evaluated with an in vivo animal
study. The possible presence of leachable or extractable
compounds (from the disposable set) was evaluated
with novel assays for measuring these compounds in
blood. No treatment-related toxicity was observed in any
of the studies.

© 2008 Elsevier Inc. All rights reserved.

been used to reduce the possibility of transfusion-
associated graft-vs-host disease (GVHD) in sus-
ceptible patient populations.'? Leukoreduction has
also been adopted in some parts of the world to
reduce the possibility of prion transmission. '
Despite the use of the various approaches, as
outlined, transfusion-transmitted infection from
agents such as HIV, hepatitis B virus, hepatitis C
virus, and bacteria continue.'*'® In part, these
events arise from the inability of available tests to
detect agents in blood at low levels, which are
nonetheless infectious, or during a latent period.
Risks related to transfusion-associated GVHD
remain, primarily because 7y-irradiation of blood
components is not universally used. There are some
infectious agents for which screening tests are not
routinely used, notably Parvovirus B19; cytomega-
lovirus; and the causative agents of parasitic
diseases such as Chagas disease, malaria, babesio-
sis, and leishmaniasis.' ™' The recent entry of West
Nile virus (WNV) into the blood supply in North
America is an example of the emergence of a new

From Navigant Biotechnologies, Inc, Lakewood, CO; Access
BIO, Boyce, VA, and Gad Consulting Services, Cary, NC. A.D.D.
is an Independent Consultant in London, UK

Current affiliation for J.L.: Thermogenesis, Sacramento, CA.

Address reprint requests to: Raymond Goodrich, PhD,
Navigant Biotechnologies, Inc, 1215 Quail Street, Lakewood,
CO 80215. Current affiliation for J.L.: Thermogenisis,
Sacramento, CA.

E-mail: ray.goodrich@navbio.com

0887-7963/08/$ - see front matter

© 2008 Elsevier Inc. All rights reserved.

doi: 10.1016/j.tmrv.2007.12.003

Transfusion Medicine Reviews, Vol 22, No 2 (April), 2008: pp 133-153 133


OYKIC
テキストボックス
文献23


134

REDDY ET AL

Table 1. Reported Toxicity Findings After Riboflavin Administration

Study type Species Route Results Ref
Acute Mouse SC 1200 mg/kg: slight reduction in 27
body temperature
2400 mg/kg: neuromuscular effects
and mortalities

Acute Mouse IP LDso = 340 mg/kg 28,29

LDy = 750 mg/kg
Acute Rat IP LDso = 560 mg/kg 27
Acute Rat SC LDg > 5000 mg/kg 27
Acute Rat Oral LDgo > 10000 mg/kg 27
Acute Mouse \% LDso > 50 mg/kg 30
Acute Dog Oral NOAEL of 2000 mg/kg 27
Subacute 4 d Mouse scC 2/6 Mortalities at 1000 mg x kg™ xd™' 28
Subchronic 4-6 wk Rat Oral Increased liver enzymes at 31

2.0mg x kg™ ' xd™’
Chronic 22 mo Rat Oral Mild liver cell hypertrophy at 32

1.5mg x kg™ xd"
Chronic 140 d Rat Oral 50 mg x animal x d”', no adverse effects 27
Chronic 5 mo Dog Oral 25 mg x kg™ ' x d”', no adverse effects 27
Developmental Rat Oral During pregnancy and lactation 33

NOAEL of 40 mg x kg™" x d™"

Reproduction Rat Oral 3 Generations, NOAEL of 27

50 mg x animal x d”’
Carcinogenicity Rat Oral 1.5 mg x kg™" x d”" for 22 mo, 32

no evidence of carcinogenicity

Micronucleus Mouse IP Four doses at 1000 mg/kg, negative 28
Micronucleus Mouse Perioral 100 mg/kg, negative 34
Micronucleus (oral mucosa) Human Perioral 200 mg x kg™ x wk™" for 1y, negative 35
Clastogenesis CHL Preincubation Negative 36
Gene mutation E coli Preincubation Negative 37
Ames test TA1535, TA1537, TA1538, Preincubation 10 pymol/plate, negative results 38
S typhimurium TA98, TA100 % S9 activation
Ames test TA100, TA102, TA98, TA97A; +  Preincubation 25-100 pg/mL, negative results 39
S typhimurium S9 activation, cecal cell-free extract
Pharmacokinetics Human v 11.6 mg/subject in bolus (242 mL) 40

Cmax = 1209 nmol/L
Disposition t1,, = 0.1006 h
Renal clearance t1, = 0.7385 h

Abbreviations: SC, subcutaneous; IP, intraperitoneal; LDsg, lethal dose at which 50% of the test population survives; LD, lethal dose at
which none of the test population survives; NOAEL, no observable adverse effect level; CHL, Chinese hamster lunch fibroblast cell line; Cpax,
maximum concentration in the bloodstream; t4,», time to reduction in concentration by 50%.

agent for which testing was not readily available.
Since the appearance of WNV in the United States,
several cases of transfusion-related WNYV infections
have occurred.”” The low levels of WNV present in
blood during a subject’s subclinical viremia makes
its detection difficult even with the most sensitive of
the available nucleic acid testing technologies.”'
Pathogen reduction via a chemical or photo-
chemical process has also been used as a blood
safety measure. Methylene blue—treated and sol-
vent/detergent-treated plasmas have been used as
transfusion products, such as fresh frozen plasma
(FFP), and in the manufacture of fractionated and
purified blood-derived products such as factor VIII
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concentrate. These treatments are effective against
enveloped viruses and yield only slight reductions
in protein quality.”*** Recently, a technology using
a psoralen compound and UV light has been
developed for the reduction of pathogens as well
as the inactivation of leukocytes in platelets and in
plasma.**¢

Similarly, the Mirasol PRT System (Gambro,
BCT, Lakewood, CO) was developed to provide
reduction of a wide variety of pathogens and
inactivation of leukocytes. This device uses UV
light and riboflavin to reduce pathogens. Riboflavin
was chosen as a photochemical sensitizer because of
its well-documented safety profile, as evidenced by



TOXICOLOGICAL REVIEW OF MIRASOL PRT

1. Sterile connect collection
bag and transfer productbag

500 pM riboflavin

[] solution

2. Add riboflavin

lllumination and storage
in one container

Fig. 1.
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Broad spectrum UV light
6.2 J/mL

3. llluminate for 6-10 minutes

4

4. Ready to transfuse

Diagram of the steps involved with the use of the Mirasol PRT System. Platelets or plasma product in an illumination/storage bag

is combined with riboflavin solution to achieve approximately 50 ymol/L and then exposed to 6.2 J/mL UV light. The treated product is
then ready for clinical use or blood bank storage. Riboflavin remains in the treated blood product, no removal device is used.

the reports referenced in Table 1. It is an essential
nutrient for all living organisms, including humans.
The novel nature of this pathogen reduction treatment
(PRT) required comprehensive toxicological evalua-
tion to prove that use of this technology to treat blood
components would not introduce new hazards. The
strategy, nature, and results of these toxicological
studies are the subject of this review.

MIRASOL PRT SYSTEM—DESCRIPTION

The Mirasol PRT System consists of an illumi-
nator, the illumination/storage bag, and riboflavin
solution (Fig 1). The Illumination/Storage bag is
made of biocompatible materials and is adapted
from the container used to collect and store platelet
products obtained with the Trima automated
blood collection device (Gambro, BCT). The sterile
riboflavin solution contains riboflavin (500 tmol/L)
in a 0.9% sodium chloride (NaCl) solution with pH
adjusted with hydrochloric acid to be in the range of
4.0 to 5.0. A volume of 35 + 5 mL of this solution is
added to a blood component product to produce a
final concentration of approximately 50 umol/L. The
illuminator delivers the necessary dose of UV light
(6.2 J/mL) to the contents of the illumination bag
based on product volume (derived from weight) and
measured flux rate. Robustness studies demonstrated
that the system is suitable for use with initial platelet
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or plasma product volumes ranging from 170 to
365 mL and platelet product cell concentrations
ranging from 1100 to 2100 x 10%/mL.

The Mirasol PRT System reduces the infectivity
of pathogens by 3 combined mechanisms. The first
is the direct damage of nucleic acids of pathogens
with the UV light source used in this system. The
second is the damage of pathogen nucleic acids,
proteins, and membranes by reactive oxygen
species generated when riboflavin absorbs light
and interacts with dissolved oxygen in solution.
The Mirasol process was designed to minimize the
contributions of this mechanism because of its non-
specific nature. The third is the damage of pathogen
nucleic acid by the interaction of riboflavin with
nucleic acids. Exposure of riboflavin to light when
it is associated with or in proximity to nucleic acids
leads to a Type I photochemical reaction that can
induce oxidation of guanine residues and strand
breaks. The result of this chemistry is irreversible
damage to the nucleic acid.*'

MIRASOL PRT PHOTOCHEMISTRY

Photolysis of riboflavin during treatment results
in the formation of 4 major, quantifiable photo-
products: 2’-ketoriboflavin, 4’-ketoriboflavin, for-
mylmethylflavin, and lumichrome. Several minor
components are present in negligible quantities and
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Table 2. Concentration of Riboflavin and Photoproducts in Treated and Untreated Platelets*?

Mirasol PRT platelets* (n = 30)

Untreated platelets
(n = 30)

Pretreatment™ (umol/L)

Posttreatment® (umol/L)

Day b, treated$ (umol/L) nmol/L

Riboflavin 48.33%1.131 (47.1-50.4)" 38.68 + 0.68 (38.0-39.9) 39.65 + 1.22 (37.0-41.3) 23.97(8.6-79.6)
Lumichrome 0.23 +0.08 (0.1-0.3) 2.90 £ 0.30 (2.5-3.0) 3.60 £ 0.30 (3.2-4.1) 11.4 (0.0-75.3)
2-Ketoflavin ND 1.27 £0.17 (1.10-1.49) 0.71 £0.12 (0.59-0.90) 2.0 (0.9-3.4)
4-Ketoflavin ND 0.53 +0.03 (0.48-0.58) 0.16 £ 0.04 (0.11-0.22) 1.2 (0.5-2.4)
Formylmethylflavin ND 1.99 £0.24 (1.63-2.32) 1.72£0.22 (1.42-2.07) 5.0 (1.7-11.5)

Abbreviation: ND, not detected.

* All studies for treated products were performed with and without y-irradiation. No significant difference (Student ¢ test, P <.05)

was observed.

T Platelet product with Mirasol riboflavin solution, before UV light exposure.
* Platelet product with Mirasol riboflavin solution, immediately after UV light exposure.
§ Platelet product with Mirasol riboflavin solution and UV light exposure, stored for 5 days at room temperature with agitation.

I'Mean + 1 SD.
f Range of measured concentrations.
# Mean.

represent less than 1% of the total photoproduct
peak areas. These minor components have been
identified as isomers of the major components by
analysis using high-pressure liquid chromatography
followed by 2 stages of mass spectroscopy. Each of
these 4 major photoproducts is a normal metabolite
of riboflavin, and each has been detected in
untreated apheresis platelets (Table 2), although at
much lower concentrations than observed in
Mirasol PRT—treated platelets.*> The concentra-
tions measured in Mirasol PRT-treated blood
products are diluted by a factor of 16- to 20-fold
upon infusion of the products into a patient’s blood
stream (based on 250-300 mL infused into a subject
of 5600 mL blood volume on average), thus
reducing the concentrations toward the levels
naturally circulating in the bloodstream. The
existence of these photoproducts in freshly donated,
nonilluminated blood products shows that a ribo-
flavin-based PRT system will not introduce new
chemicals into the blood supply.

These photoproducts have been examined in
carlier studies of riboflavin photolysis in various
solutions. After exposure to light, decreased reac-
tivity of the solutions was demonstrated.**™*> The
results clearly show that conversion of riboflavin
from its native form into the photoproducts leads to
decreased reactivity of the solution owing to
decreases in the extinction coefficients of the
resulting solution (photobleaching).

MIRASOL PRT SYSTEM—EFFICACY

Pathogen reduction with the Mirasol PRT System
has been tested with a wide variety of enveloped and
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nonenveloped viruses as well as gram-negative and
gram-positive bacteria.*® Prevention of GVHD due
to WBC inactivation by the Mirasol PRT System has
been studied both in vitro and in vivo.*”** Parasite
reduction studies have been conducted in collabora-
tion with the Walter Reed Army Institute of
Research and are the subject of separate publica-
tions.**>° The results of these studies with bacteria,
viruses, parasites, and WBCs demonstrate broad
efficacy and capacity for the process in the reduction
of pathogenic agents in blood components.

Blood components treated with riboflavin and
UV light exhibit satisfactory quality, as assessed by
in vitro measurements.*®>'% Initial studies on
protein quality after treatment demonstrated ade-
quate retention of coagulation factors, coagulation
inhibitors, and immunoglobulins, all at levels
required for therapeutic efficacy.”* Some platelet
quality indices were reduced in treated products in
comparison with untreated controls but remained
within acceptable transfusion limits.**>'% These
studies were repeated after 7y-irradiation of the
products and showed no significant additional
effect (C. Hardwick and R. Goodrich, unpublished
data, 2003). Despite the differences in in vitro
measurements, Mirasol PRT-treated platelets
exhibited normal function in models of adhesion,
aggregation, and thrombus formation.”

Data from a clinical trial in healthy human
subjects illustrated that Mirasol PRT—treated plate-
lets exhibited decreased recovery and survival time
in comparison with untreated platelets. Never-
theless, recovery values and cell quality indices
for Mirasol PRT—treated platelets remained well
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within the acceptable range for clinical utility of
platelet products currently licensed and in routine
use.”®*” Additional studies involving evaluation of
the efficacy of treated platelet products in the
clinical setting with thrombocytopenic patients are
in progress.

THERAPEUTIC USE AND TOXICITY OF
RIBOFLAVIN IN HUMANS

Riboflavin was chosen as the photosensitizing
agent for this pathogen reduction process because it
can be photoactivated to damage pathogens; it has a
substantial history of safe clinical use; and it is both
a naturally occurring vitamin (B,) and an essential
dietary nutrient. The latter features afforded it the
advantage of a well-known and well-characterized
safety profile on which to base its evaluation in
transfusion medicine. The metabolic role of ribo-
flavin has been well characterized, principally as a
source of the essential coenzymes flavin adenine
mono- and dinucleotides. The recommended daily
intake of riboflavin is about 1.3 mg/d for the
average adult™®®® and up to 1.6 mg/d for the
lactating woman. Riboflavin is administered in
medical practice by the oral, intramuscular, and
intravenous (IV) routes to treat deficiency states,
and it is widely taken orally as a dietary supple-
ment. Recommended therapeutic doses by any
route are up to 30 mg/d for an adult,’’ but there are
records of people taking up to 200 mg/d or more
orally for 6 months with no adverse effect.””*?

Riboflavin is very widely used as a permitted food
coloring in the United States, where it has “generally
regarded as safe” status,®> and in Europe, where it
has been approved by the Scientific Committee on
Food.®* The Joint Food Agriculture Organization/
World Health Organization (FAO/WHO) Expert
Committee on Food Additives has reviewed its use
in food and it has been given a value for acceptable
daily intake (ADI) of 0 to 0.5 mg - kg~ - d”', which
is a maximum ADI of 35 mg/d for a subject of
average weight (70 kg).”®

Riboflavin is given to newborn babies under-
going phototherapy for neonatal jaundice.®>:*°
Administration of supplemental riboflavin to these
vulnerable patients has become standard practice
because the treatment-accelerated clearance of
bilirubin via phototherapy could also make them
at least temporarily deficient in riboflavin owing to
overlap of the light absorption spectra of riboflavin
and bilirubin.®**° To avoid the risk of the potential
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riboflavin photochemistry-induced deficit, ribofla-
vin (3 mg/kg perioral) is conventionally given to
infants during the phototreatment regimen. Concern
was once expressed about the toxic potential of
riboflavin with direct phototherapy of newborns,
based on theoretical consideration of its possible
effect on DNA in the presence of light and on the
results of experiments in simplified in vitro
systems,”””! but there have been no reports of
adverse effects in the clinical setting. This includes
results from large retrospective analyses, which
directly evaluated potential tumorigenic conse-
quences in more than 50000 infants undergoing
the therapy for more than 10 years after photo-
therapy.”® This type of therapy continues in wide
clinical use today.”?

There are a few claims of uncertain quality in
individual subjects of “sensitization” and possible
enhancement of epileptiform seizures after several
months of high daily doses of riboflavin (eg, >5 mg -
kg ' - d”! for >6 months), but those reports remain
unsubstantiated.®"**? In no other reports of high oral
and parenteral doses of riboflavin in humans have
toxic effects been described,”*””® probably because
of its physiologic nature and the rapid excretion of
an excessive dose.*’

There is an abundance of references on the toxicity
of riboflavin administered by various routes. These
data support its use in total parenteral nutrition
regimens. Table | summarizes representative pub-
lished toxicity data for oral, subcutaneous, perioral,
intraperitoneal, and IV exposures to riboflavin.

Although the safety of riboflavin has been
extensively studied, there were no reports that
directly supported its use in the Mirasol PRT
System. Therefore, Navigant Biotechnologies,
Lakewood, Colo, conducted a comprehensive
preclinical safety evaluation program in support of
the Mirasol PRT System, designed to investigate all
potential sources of concern. The work was done in
compliance with International Organisation for
Standardisation (ISO) 10993.”°

METHODS
Test Article Definition

To establish the safety of Mirasol PRT—treated
blood products, in vivo animal toxicity studies were
performed with treated platelets (and in some
instances with treated plasma), as well as with
pure lumichrome, and with photolyzed riboflavin in
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Acute toxicity

Subchronic toxicity

Mirasol PRT-treated
rat platelets

Mirasol PRT—treated
dog platelets

Photolyzed riboflavin
solution

Mirasol PRT—treated
dog plasma

No. of animals/group

Duration of study

Dose route
Group 1
Dose material
Dose frequency

Group 2
Dose material

Dose frequency

Group 3
Dose material

Dose frequency
Group 4

Dose material

Dose frequency

10 Male rats
10 Female rats

14 d; dosingond 1

IV injection via tail vein

Untreated rat platelets
Three 2.0-mL injections,
2 h apart

Mirasol PRT—treated

rat platelets

Three 2.0-mL injections,
2 h apart

Mirasol PRT—treated,
y-irradiated rat platelets
2.0-mL injections

Mirasol PRT—treated,
y-irradiated rat platelets
Three 2.0-mL injections,

4 Male dogs
4 Female dogs

14 d; dosing on day 1

IV infusion via catheter

Untreated dog platelets
Three 40-mL infusions,
2 h apart

Mirasol PRT—treated
dog platelets

Three 40-mL infusions,
2 h apart

Mirasol PRT—treated
y-irradiated dog platelets
40-mL infusions

Mirasol PRT—treated
y-irradiated dog platelets
Three 40-mL infusions,

10 Male rats

9 d; dosing on day 1

IV injection via tail vein

Sterile 0.9% NaCl
Three 2.0-mL injections,
2 h apart

Photolyzed riboflavin
solution

Three 2.0-mL injections,
2 h apart

Photolyzed riboflavin
solution

2.0-mL injections

NA

6 Male dogs; 2 in recovery
6 Female dogs;

2 in recovery

13 wk with 4 wk

for recovery group;

dosing daily, 6 d/wk

IV infusion via catheter

Untreated dog plasma
Daily 40-mL injections
via catheter

Mirasol PRT—treated
dog plasma
Daily 40-mL injections

via catheter

NA

NA

2 h apart 2 h apart

Abbreviation: NA, not applicable.

the absence of platelets and plasma. The Mirasol
PRT System parameters used to prepare test articles
were always within the range verified for clinical
use of the device.

Wherever possible, Mirasol PRT—treated plate-
lets in autologous plasma were used as the test
article so that any toxicity from the individual
components and any interaction between them
(storage bag, riboflavin, light, blood product)
would be detected. The doses used in the in vivo
studies were designed to maximize exposure while
minimizing volume-associated effects and discom-
fort to the animals. In some cases, pure com-
pounds were used to yield higher doses of the
compounds of interest in a study (such as
lumichrome and photolyzed riboflavin). In certain
animal studies, such as embryo-fetal development
in rats and subchronic repeated-dose test in dogs,
the volume of animal platelets required to prepare
test and control articles for the study would have
been very large and would have been required
over many weeks. To obtain a consistent test
article in as humane a fashion as possible for those
studies, species-specific plasma was used rather
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than platelets. The photochemistry of riboflavin
yields equivalent photoproduct profiles in plasma
products and in platelet products (which consist
mainly of plasma). The absence of platelets
eliminates the possibility of detecting toxic altera-
tions to the platelet surface; however, that issue
was addressed in the neoantigenicity and '*C-
riboflavin binding studies. Therefore, when neces-
sary and appropriate, plasma was regarded as an
appropriate substitute for platelets and was used as
the test article. Treatment of plasma with the
Mirasol PRT System is identical to the treatment
of platelets.

Sample Size Determination, Statistics,
and Data Analysis

Sample size determination for studies was based
on historical experience or published requirements
where appropriate. In all cases, data were main-
tained in validated databases allowing archiving and
analysis of data. All studies, assays, and data
analysis were performed at accredited contract
testing laboratories in accordance with Good
Laboratory Practice (GLP) requirements, except
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where noted. Comparisons of data between study
groups were analyzed using Student ¢ test, Wilcoxon
distributions and other suitable analyses as appro-
priate for the particular study data being analyzed.

Systemic Toxicity Studies

Acute toxicity. Two acute toxicity studies, 1 in
rats and 1 in dogs, evaluated the acute toxicity of
Mirasol PRT—treated, species-specific platelet pro-
ducts, with or without y-irradiation. In those studies,
both males and females were used, to reveal any sex-
dependent effects. In addition, an acute toxicity
study of photolyzed riboflavin in saline was
performed to test the toxicity of higher doses of
riboflavin and its photoproducts than are attainable
in a blood product. The dose volume used in all rat
studies (2.0 mL) corresponded to a range of doses
per body weight (mean dose of 9.0 + 0.7 mL/kg for
males and 11.5 + 1.3 mL/kg for females in the study
of treated rat platelets and 9.4 + 0.3 mL/kg for the
male rats in the study of photolyzed riboflavin). The
dose volume used in the acute dog studies (40 mL)
yielded mean doses per body weight of 3.9 =+
0.3 mL/kg for males and 5.1 = 0.4 mL/kg for
females. Table 3 provides a summary of the number
of animals and of the dose frequency, route, and
material for the acute toxicity studies. Each study
was performed in accordance with ISO 10993%%%!
and International Conference on Harmonization
guidelines.*” These studies evaluated any immedi-
ate, systemic toxicity due to administration of
Mirasol PRT—treated platelet products by observa-
tions of mortality, clinical signs of toxicity, hematol-
ogy, clinical chemistry, food consumption, general
behavior, and weight gain. Complete necropsies
were conducted for all animals, and macroscopic
observations were made. In the study performed with
dogs, electrocardiographic examinations were con-
ducted before randomization, at the conclusion of
dosing, and before necropsy. The studies provided
observations of effects on major physiologic sys-
tems, such as functioning of the nervous, cardiovas-
cular, and respiratory systems, to exclude any
pharmacologic effects of test article administration.

Subchronic toxicity. The repeated dose study
for subchronic toxicity was done in the dog to
support more prolonged and repeated administra-
tion of Mirasol PRT—treated platelets to patients,
some of whom may require intermittent transfu-
sions over several weeks. Parameters evaluated in
the repeated dose toxicity study included morbidity

337

139

and mortality, outward signs of toxicity (behavioral
and physical examinations), clinical chemistry of
blood and urine, hematologic indices, body weights
and food consumption, and pathologic and histo-
pathologic evaluation of tissues. Test and control
article administration is described in Table 3. The
daily dose (40 mL) was equivalent to the human
dose; the range of doses relative to body weight
was 4.7 £ 0.3 mL/kg in the first week of dosing and
4.1 £ 0.3 mL/kg in the last week of dosing for the
males and 5.6 = 0.5 mL/kg in the first week of
dosing and 4.8 + 0.4 mL/kg in the last week of
dosing for the females. On days 0 and 86 of the
study, blood samples were removed from the
animals to measure riboflavin and lumichrome and
thereby assess any accumulation of riboflavin or
photoproduct during the course of this experiment.
Two animals per sex per group were observed for a
4-week recovery period after the 13-week dosing
regimen. At the end of the terminal and recovery
periods, complete necropsies were performed.
Organ weights were recorded, and select tissues
were microscopically examined for the non-—
recovery group animals.

Reproductive Toxicity Study

Embryo-fetal development in rats exposed to
Mirasol PRT-treated products. The developmen-
tal toxicity potential of rat plasma treated with the
Mirasol PRT System was evaluated in female
Sprague-Dawley rats (mean gestation interval = 22
days). Time-mated, pregnant animals in the test and
control groups (n = 25 for control, n = 24 for test
group) were given IV PRT-treated or untreated
products, respectively, at a dose of 2.0 mL per
animal (7.7 = 0.4 mL/kg on the first day of dosing,
6.0 = 0.3 mL/kg on the last) on gestation days 6
through 17. The animals were observed over the
course of the study for clinical signs, body weight,
and food consumption. On gestation day 20, the
animals were necropsied, and the ovaries and uterus
were investigated for the total number of implanta-
tions, total number of corpora lutea, early and late
resorptions, and viable and nonviable fetuses.
Individual body weights and sex of the fetuses
were noted. Gravid uterine weights were recorded,
and adjusted body weight changes were calculated.
All fetuses were given an external examination and
processed for visceral or skeletal examination,
and malformations and developmental variations
were recorded.
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Table 4. Mammalian Erythrocyte Micronucleus Test

No. of mice/sex used for
bone marrow collection after
dose administration

Dose (20 mL/kg) No. of mice/sex dosed 24 h 48 h
Vehicle control: 0.9% NaCl for injection 10 5 5
Negative control: untreated human platelets 10 5 5
Test article: Mirasol PRT—treated platelets
Low dose (diluted in saline 1:3) 5 5 0]
Middle dose (diluted in saline 1:1) 5 5 (0]
High dose (undiluted) 10 5 5
Positive control: cyclophosphamide (50 mg/kg) 5 5 (0]

Genotoxicity Studies

Three different tests were performed to evaluate
the genotoxicity of Mirasol PRT—treated human
platelet products: an in vitro test for gene mutations
in bacteria, an in vitro test for clastogenicity in
mammalian cells, and an in vivo bone marrow
micronucleus test.

Bacterial reverse mutation assay (Ames test).
Mirasol PRT—treated, day 5 platelets (with and
without y-irradiation) and control, untreated day 5
platelets were tested using Salmonella typhimurium
tester strains TA98, TA100, TA1535, and TA1537
and Escherichia coli tester strain WP2 uvrA in the
presence and absence of rat-liver derived S9,
prepared by the contract research organization.
The assay was performed in 2 phases, using
the plate incorporation method and normal saline
as the diluent. The first phase established the dose
range for the confirmatory mutagenicity assay and
provided a preliminary mutagenicity evaluation. In
the first phase, the dose levels tested were 0.33, 1.0,
3.3, 10, 33, 100, 333, and 1000 uL per plate. The
second phase, the confirmatory mutagenicity assay,
was used to evaluate and confirm the mutagenic
potential of the test article with dose levels of 3.3,
10, 33, 100, 333, and 1000 uL per plate.®**

The in vitro test for gene mutations in bacteria
(Ames test) was also performed with lumichrome,
the major product of riboflavin photolysis. The in
vitro mutagenicity of lumichrome was evaluated in
the dark to test its mutagenic potential in the absence
of light activation. The maximum concentration
tested was at the limit of solubility of lumichrome.

Chromosomal aberration in Chinese hamster
ovary cells. Mirasol PRT—treated platelet pro-
ducts and control, untreated platelet products were
tested to assess potential clastogenicity (chromo-
some breakage) in vitro with the mammalian
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chromosome aberration test. The assay was per-
formed using Chinese hamster ovary (CHO)
cells.®®” Based on the findings from the pre-
liminary toxicity assay, the doses chosen for the
chromosome aberration assay using the test article
(Mirasol PRT—treated platelets) and negative con-
trol (untreated platelets) ranged from 0.005 to
0.1 mL/mL for all 3 exposure groups. The test and
control articles were soluble in saline at a
concentration of 1 mL/mL, the maximum concen-
tration used. Both test and control article were
tested in the absence and the presence of an
Aroclor-induced S9 activation system.

The CHO cells were exposed to test or control
article for 4 and 20 hours in the nonactivated test
system and for 4 hours in the S9 activated test
system. All cells were harvested 20 hours after
treatment initiation. Selection of doses for micro-
scopic analysis was based on toxicity of the test
article (the lowest dose with at least 50% reduction
in cell growth and 2 lower doses) in all harvests.

Mammalian erythrocyte micronucleus test.
Mirasol PRT-treated platelets and control,
untreated platelets were tested to assess clastogeni-
city in vivo with the mammalian erythrocyte
micronucleus test.**° An increase in the frequency
of micronucleated polychromatic erythrocytes is
expected in the bone marrow of animals exposed to
genotoxic compounds. The assay was performed in
2 phases. In the pilot toxicity study, neat test article
was administered intraperitoneally to 5 male and
5 female mice at a volume of 20 mL/kg (the highest
optimal single-dose volume). No mortality was
observed during the course of the study. All mice
were observed for clinical signs of toxicity after
dose administration and daily for 3 days afterward.
Body weights were recorded before dose adminis-
tration, 1 day after, and 3 days after dose
administration. Results from the pilot study were
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used to assess toxicity of the test article and to set
dose levels for the definitive study.

In the definitive micronucleus study, 1 intraper-
itoneal injection was administered to the male and
female mice in each group. The animals were
observed for clinical signs of toxicity after dose
administration. Table 4 describes the study groups,
the number of animals per group, and test or control
articles given to each group, as well as the sacrifice
times. Immediately after sacrifice, bone marrow
was aspirated from the femurs into a syringe. Two
slides of bone marrow suspension were prepared
and fixed for each mouse. The slides were analyzed
for the presence of micronuclei in bone marrow
cells, polychromatic erythrocytes, and normochro-
matic erythrocytes.

Neoantigenicity Studies

The potential for Mirasol PRT—treated platelets
to exhibit neoantigenicity (the production of new
antigenic determinants due to the treatment) was
evaluated with 2 in vitro and lin vivo test.
Because the photoproducts associated with the
Mirasol PRT System are the same as metabolites,
catabolites, and photoproducts of riboflavin nor-
mally present in humans under routine conditions,
there was no reason to consider that they might
themselves affect the immune system, and there
were no indications of any such effect in the
toxicity tests.

" C-riboflavin binding evaluation. The poten-
tial for neoantigen formation was first assessed in
vitro by measuring the binding of radiolabeled
riboflavin to platelets and plasma proteins after
Mirasol PRT treatment and comparing the results
with those obtained with untreated controls.
This method assesses binding of a radiolabeled
compound to proteins and cellular membranes.
The presence of covalently bound compounds on
cellular membranes or proteins indicates that
chemical modification has occurred. This modifica-
tion could be seen as foreign in the bloodstream and
result in an immune response. Immune responses to
antibiotics, bound to the surface of red blood cells,
have been observed.”' Quinacrine mustard, which
binds to proteins and blood cells, also results in the
production of antibodies.”””* If Mirasol PRT
treatment were to lead to chemical modification of
blood constituents in vitro, the in vivo generation of
an immune response might be possible. Prior
studies have identified the potential for binding of
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riboflavin to albumin.”® Reports of additional

studies, carried out in nonphysiologic conditions,
including the use of artificial media preparations,
anaerobic conditions, and nonphysiologic pH
values, claimed to demonstrate the formation of
riboflavin-protein adducts via tryptophan residues
in the protein.”” This work also extended further to
show the formation of possible antibodies against
such complexes.”” Other studies with human
plasma samples were unable to reproduce these
results and instead showed riboflavin interactions to
occur primarily with immunoglobulins, which act
as natural carriers for the compound in vivo and are
a potential source of claims for antibody genera-
tion.”®? The studies of '*C-riboflavin binding
before and after photolysis were thus undertaken to
assess the potential for adduct formation under the
specific conditions used for Mirasol treatment of
blood products.

To determine the distribution of riboflavin and its
photoproducts after Mirasol PRT treatment, a
known amount of radiolabeled riboflavin (**C)
was added to unlabeled riboflavin solution, and the
resulting solution was used to treat platelet products
from 6 different donors with the Mirasol PRT
System. Preillumination samples from each platelet
product were used as controls, and test articles were
postillumination samples. Cell concentrations, pro-
tein-associated radioactivity, and protein concen-
trations were determined for all samples. The
method was sensitive enough to determine differ-
ences of less than 1% in binding of '*C-labeled
compound, at micromolar concentrations per milli-
gram of protein, if such effects were occurring.
Given prior reports of the levels and extent of
photochemical modification of proteins under
specific conditions of treatment, if such modifica-
tions were occurring with Mirasol treatment, this
method would be able to detect it.”*"”

Evaluation of nonimmunologic alterations. To
assess the potential for nonimmunologic alterations
to cells that could subsequently induce an immu-
nologic response, another test, the Capture-P assay,
(Immucor, Inc, Norcross, GA) was used to evaluate
the binding of immunoglobulin G to Mirasol PRT—
treated platelets, and to untreated platelets, after
exposure to allogeneic and autologous plasma.
Platelet products, and the associated plasma, from
2 different donors were used to provide the test and
control articles for this study. Platelets were tested
with the Capture-P assay after 1 and 5 days of
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storage. This study was non-GLP but was well-
documented, performed in a respected clinical
laboratory, and included appropriate controls.

Neoantigenicity evaluated with the Ouchterlony
assay. The formation of new antigens was eval-
uated in vivo by comparing the immune response
between animals given control (untreated) human
platelets and animals given Mirasol PRT—treated
human platelets. Rabbits were immunized with
control article or with 1 of 2 test articles (Mirasol
PRT—treated, day 5 human platelets, with or
without y-irradiation). The immunizations occurred
on days 0, 21, and 42 of the in-life portion of the
study. On day 49, sera from the immunized animals
in the test and control groups were collected and
tested for antibody production. Antibodies were
collected and used in the Ouchterlony assay to
incubate with either control or test article. Lines of
immunoprecipitation were examined to determine
reactions of identity, partial identity, or nonidentity.
Partial identity immunoprecipitation lines would
indicate neoantigenicity if the test article contained
new antigens arising as a result of the treatment.
Sensitivity of the assay was evaluated with
chicken albumin and serum from rabbits immu-
nized with that compound. The chicken albumin
could be detected by weak precipitin lines at 0.15
ug/40 ug plasma protein and at 0.15 ug/200 ug
plasma protein, with antibody present at 10, 15,
20, or 25 ug per well in the assay plate.

Cytotoxicity Studies

Agar diffusion test. Mirasol PRT-treated
human platelets and control, untreated human
platelets were tested to assess cytotoxicity with
the agar diffusion assay. The indicator cells for this
assay were mouse fibroblast L929 cells, which are
classically used for cytotoxicity studies because
they demonstrate sensitivity to leachable cytotoxic
compounds. '’

Cultures of L1929 cells were used in the assay
after replacement of the liquid medium with a
serum-supplemented medium/agar mixture that is
stained with a vital dye, neutral red. The culture was
protected from light for the duration of the assay to
prevent cell damage elicited by photoactivation of
the stain. The test article and control article were
applied directly to a filter paper disc (surface area
100 mm?) at a volume of 100 mL and placed on
the surface of the agar. All plates were incubated
for 48 hours, at 37°C = 1°C, in a humidified
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atmosphere containing 5% + 1% carbon dioxide.
The negative control article (negative control
plastic) and the positive control article (natural
rubber) were prepared and exposed similarly to the
test and control articles. The extent of decoloriza-
tion was evaluated at times 0, 24, and 48 hours.

Minimal essential medium elution study. The
minimal essential medium elution study'” was
conducted to evaluate the potential cytotoxicity of
Mirasol PRT—treated human platelets. The test was
designed for the evaluation of test article extracts
with assessment of biologic reactivity of a
mammalian cell culture (L929). Aliquots of test
article (Mirasol PRT—treated human platelets) and
control article (untreated human platelets) were
centrifuged, after which the resulting platelet
pellets were mixed with the extraction medium
(minimal essential medium) and incubated at
37°C + 1°C for 24 + 2 hours. After extraction,
the medium was removed and applied to an 1929
cell culture. The L929 cultures were incubated for
48 hours, at 37°C £ 1°C, and then evaluated for
the response of the cell monolayer. Biologic
reactivity (cellular degeneration and malforma-
tion) was rated on a scale of 0 to 4.

In addition, the primary product of riboflavin
photolysis, lumichrome, was tested for in vitro
cytotoxicity by direct exposure to the indicator. The
lumichrome solution, at the maximum possible
lumichrome concentration, was exposed to the
indicator cells.

Hemocompatibility Studies

Hemolysis test. Mirasol PRT—treated human
platelets and control, untreated human platelets
were assessed for hemolytic activity in direct
contact with human blood.'?!1 Fresh, whole
human blood (type-matched to be compatible with
test and control articles) was collected into EDTA-
coated Vacutainer tubes. The positive control
article solution was obtained by adding 10 mL of
sterile water for injection per vial. The test and
control article solutions were obtained by adding
5 g of material to 10 mL of sterile 0.9% NaCl. All
vials were incubated in a 37°C + 2°C water bath
for 30 minutes, followed by addition of 0.2 mL of
diluted human blood and incubation in a 37°C +
2°C water bath for 60 minutes. After incubation,
the vials were centrifuged for 5 minutes at
approximately 1500g, and the absorbance of each
supernatant was determined against an NaCl blank
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Table 5. Summary of Samples for Pharmacokinetic Study

t

Group no. Urine* Feces™ Cage rinse Cage wash and wipe Blood " Tissues
1 (Intact) Predose, 0-12 h, Predose, 24-h 24-h intervals 144 h 144 h 144 h
12-24 h, intervals to 144 h to 120 h
24-h intervals
to 144 h
2 (Intact) NA NA NA NA 1h,8h, 24h, 1h,8h, 24 h,
48 h, 96 h 48 h, 96 h

* Urine and feces collected on wet ice. Urine assayed directly by liquid scintillation chromatography (LSC). Remaining urine saved for

analysis of metabolites.

T Blood collected from all animals in groups 1 and 2 predose and at designated time points. Prep and assay plasma by LSC. Remaining

plasma saved for analysis of metabolites.

* Tissues collected include the following: group 1—residual carcass, pelt (hair and skin with underlying fat layer), and tail skin;

group 2—small intestine, large intestine, spleen, kidneys, liver, lymphatics (lymph nodes, includes splenic, inguinal, and popliteal), and

femur bone marrow (right and left).

at 540 to 545 nm. Test and control articles were
tested in triplicate.

Platelet function studies. Platelet function and
the thrombogenicity of Mirasol PRT-treated
platelets were directly evaluated in a series of
non-GLP experiments. The hemostatic activity and
thrombogenicity of treated platelets were mea-
sured in an ex vivo model in which Mirasol PRT—
treated human platelets were mixed with whole
blood previously depleted of platelets. The details
of the experimental system are described by Perez-
Pujol et al.”> In brief, 8 Trima apheresis platelet
collections were performed to collect more than
340 mL at a concentration between 1180 and 2160 x
10 cells/mL. Half of the product volume was
treated with the Mirasol PRT System. The other half
was used as the paired control. Treated and control
platelets were stored in a platelet storage incubator
at 22°C +2°C for 5 days. Samples were tested using
flow cytometric and perfusion methods on days 0, 3,
and 5 of storage.”

The flow cytometric analysis used commer-
cially available monoclonal antibodies, tagged
with fluorescein or phycoerythrin, to detect
glycoprotein (GP) IIb-Illa, GPIb, GPIV, P-selec-
tin, the 53-kd lysosomal membrane protein, and
coagulation factor V. The exposure of aminopho-
spholipids on the outer leaflet of the platelet
membrane was also quantified using annexin V.
The binding of fibrinogen and von Willebrand
factor was detected with the corresponding
polyclonal antibodies, and nonspecific membrane
immunofluorescence was evaluated.

Blood for perfusions was obtained from healthy
volunteers and depleted of platelets and leukocytes
by filtration. Samples taken from the test and
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control articles at different days were incorporated
into the thrombocytopenic blood at volumes aimed
to increase the platelet count in the perfusate to
150 x 10°/L with a final volume of 20 mL.
Perfusions were performed at 37°C in annular
chambers with enzymatically denuded New Zeal-
and rabbit aorta segments. Blood was recirculated
through the chamber for 10 minutes at a shear rate
of 800 s '. At the end of the perfusion, the
segments were rinsed with 20 mL of PBS,
removed from the chamber, and sliced off and
washed with a fixing buffer. Platelets interacting
with the subendothelium were evaluated and
classified as either adhesion, contact platelets that
are attached but not spread and groups of platelets
that form aggregates of less than 5 um in height, or
thrombus, platelets that form aggregates of 5 um
or more in height.

Coagulation proteins and complement path-
way. Mirasol PRT-treated human platelets and
control, untreated human platelets were stored at
22°C for 5 days, after which samples were
removed and centrifuged to isolate the plasma
fraction. The plasma fraction was analyzed with
function-based assays for key protein components
of each hemostatic pathway—the contact pathway,
the thrombin pathway, the fibrinolytic pathway,
the complement pathway, and the coagulation
pathway. Factor XI (FXI), factor XII (FXII), high-
molecular-weight kininogen (HMWK), prekallik-
rein (PK), and activated factor XII (FXIIa) were
assessed as components of the contact pathway.
Prothrombin fragments 1 and 2 (F1+2), thrombin-
antithrombin complex, and D-dimer were assessed
as components of the thrombin pathway. Plasmi-
nogen (PLG), or-antiplasmin (A2A), and PLG
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Table 6. Summary of the Results of the Systemic and the Reproductive Toxicity Studies

Test

Findings

Systemic toxicity
Acute toxicity of photolyzed riboflavin in rats

Acute toxicity of Mirasol PRT—treated platelets in rats*

Acute toxicity of Mirasol PRT—treated platelets in dogs™*

Subchronic toxicity of Mirasol PRT—treated plasma in dogs

Reproductive toxicity
Embryo-fetal development in rats exposed to Mirasol
PRT—treated plasma

* No test-article-related changes in mortality, clinical signs,
body weight, food consumption, clinical pathology, organ
weights, or macroscopic pathology evaluations were observed.
No test-article-related mortality, clinical observations,

body weight changes, food consumption changes, or

macroscopic changes were observed.

* No test-article-related mortality, clinical observations,
body weight changes, food consumption changes, or
macroscopic changes were observed.

* No toxicologically significant findings were observed
in clinical, physical, electrocardiographic, or
ophthalmascopic examinations.

Macroscopic observations did not yield any test-article—
related effects in dogs of either sex.

« Test-article-related findings for decreased body weight,
increased eosinophils, increased chloride, and decrease
thymus weights with associated microscopic findings
were noted; however, these findings were minor and
were not considered to be toxicologically significant.

* No test-article—related clinical signs of toxicity were
observed during treatment period, no dam had all fetuses
resorbed, and no deaths occurred during study.

Treated group exhibited significant increase in gestation

body weight on gestation day 18, and body weight changes
were significantly increased on gestation day intervals 12-15,
6-18, and 0-20. Increase correlated with significantly
increased food consumption in treated-group animals.

No significant differences were observed in fetal weight (g),
gravid uterine weight, adjusted weight change, postimplantation
loss, nonviable fetuses/, litter size, early and late resorptions,
mean no. of corpora lutea/litter, no. of implantation sites,
preimplantation loss, no. of viable fetuses/letter, and sex

ratio (% males/litter).

No external or test-article—related visceral abnormalities

were reported in any of fetuses examined. No significant
difference in skeletal malformation and variations were
observed in control and treated groups.

* Indicates that study was done with and without y-irradiation of treated blood products.

activator inhibitor type 1(PAI-1) were assessed as
components of the fibrinolytic pathway. CHS50/
classical pathway, C3a, C5a, and C1 esterase
inhibitor were assessed as components of the
complement pathway, and antithrombin III,
protein C (PC), and protein S (PS) were assessed
as components of the coagulation pathway. Mean
values for test and control articles were com-
pared using Student ¢ test. In addition, assays for
chemotaxis (response to C5a) and assays of
myeloperoxidase release from cytochalasin B—
treated human polymorphonuclear leukocytes
(response to C3a and C5a) were used to further

assess physiologic relevance of any changes
after treatment.

Pharmacokinetics of Photolyzed '*C-Riboflavin
in Rats

The in vivo pharmacokinetics and elimination of
riboflavin and its photoproducts in rat plasma
treated with the Mirasol PRT System were also
studied. Sterile-filtered rat plasma was mixed with
500 umol/L "*C-riboflavin, treated by the Mirasol
PRT System, and administered to male CD rats by
IV injection in a single dose. The study consisted of
2 treatment groups of male Crl: CD(SD) IGS BR
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Table 7. Summary of the Results for the Mammalian Erythrocyte Micronucleus Study

Test

Findings

Test for clastogenicity in mammalian cells (in vivo;
mouse bone marrow micronucleus test)

* No mortality occurred at any dose level during
course of micronucleus study.

« Clinical signs, noted on days after dose administration,
included lethargy and piloerection in males and females
dosed with untreated platelets and in all animals dosed
with test article (neat and diluted). In addition, hunched
position was noticed in animals at middle (1:1 dilution) and
high (neat) dose. All other mice treated with vehicle or
positive control articles appeared normal during course
of study.

* No appreciable reduction in ratio of polychromatic erythrocytes
to total erythrocytes was observed in groups treated with
negative control or test article, relative to vehicle control
groups. This suggests that negative control and test article did
not inhibit erythropoiesis. No significant increase in incidence
of micronucleated polychromatic erythrocytes in negative
control or test-article—treated groups relative to respective
vehicle control groups was observed, regardless of sex, dose, or
bone marrow collection time.

rats. A treated group of 3 rats (group 1) and a treated
group of 15 rats (group 2) each received the
radiolabeled test article at a target radiolabeled
riboflavin dose level of 0.48 mg/kg with approxi-
mately 555,000 Bq per animal (mean actual dose
levels of approximately 0.38 mg/kg and 547,600 Bq
per animal). The dose volume for both groups was
approximately 4 mL per animal.

All animals were observed twice daily for
morbidity, mortality, injury, and the availability of
food and water. Urine and feces were collected from
group 1 animals predosing and at intervals through
144 hours postdosing. In addition, whole blood was
collected, and plasma was prepared, predosing and at
the end of the experiment. The tissues collected for
postmortem study were residual carcass, pelt, and tail
skin, as well as small intestine, large intestine, spleen,
kidneys, liver, lymphatics, and right and left femur
bone marrow. The concentration of radioactivity in
whole blood, plasma, urine, feces, tissues, and cage
residues was determined, and analyses of the kinetics
of '*C-labeled compound excretion were performed.
The plasma and tissue concentrations obtained were
for radioactivity associated with riboflavin and its
photoproducts, rather than for individual com-
pounds. Table 5 summarizes the samples analyzed
for each group. The pharmacokinetic parameters of
riboflavin and photoproduct in plasma, small intes-
tine, large intestine, spleen, kidneys, liver, lymphatic,
and femur bone marrow tissues were determined
from mean concentration-time data in the test animal.

Appropriate validated software was used to calculate
these parameters.

Measurement of Leachable and Extractable
Compounds in Mirasol PRT-Treated Products

In addition to standard medical device testing for
plastic components, several novel methods were
applied to evaluate the levels of leachable and
extractable compounds in human blood products
after treatment with the Mirasol PRT System. This
non-GLP analysis was performed to identify and
quantify compounds that might migrate directly into
the platelet product as a result of treatment with the
Mirasol PRT System. Untreated and Mirasol PRT—
treated products were analyzed by gas chromato-
graphy and mass spectrometry for volatile and
semivolatile organic compounds, by inductively
coupled plasma-atomic emission spectroscopy
(ICP) for metals, and by Fourier transform infrared
spectroscopy (FTIR) for polymeric materials.

RESULTS

In all studies of toxicity, y-irradiated Mirasol
PRT-treated products yielded the same results as
non—y-irradiated, Mirasol PRT—treated products.

Systemic Toxicity

No toxicologically significant findings were
observed in any of the studies of acute toxicity
(Table 6). No toxicologically significant findings
were observed in the repeated-dose toxicity study
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Table 8. Clotting Factor Levels in Treated and Untreated, Control
Platelet Preparations After 5 Days of Storage

Reference Control Treated*
range'%* (n = 6) (n = 6) P
FXI (IU/mL) 0.42-1.44 0.86+0.13 0.59+0.12 <.05
FXII (IU/mL)  0.40-1.52 1.40+2.0 1.07+0.23 <.05
PK (IU/mL) 0.65-1.35T7 1.11+0.06 0.73+0.10 <.05
HMWK 0.65-1.35T7 0.78+0.12 0.68 + 0.29 NS*
(IU/mL)
Antithrombin 0.72-1.45 0.82+0.01 0.84+0.11 NS
Il (1U/mL)
PC (IU/mL) 0.58-1.64 1.02+0.19 0.75+0.8 <.05
PS (IU/mL) 0.56-1.68 0.16+0.08 0.13+0.03 NS
(3of6@ (40f6 @
<0.11) <0.11)
PAI-1 (IU/mL) 0-317 3.6+1.3 17+4 <.05
PLG (IlU/mL)  0.68-1.44 1.04+0.10 0.88+0.08 <.05
A2A (lU/mL)  0.72-1.32 0.88+0.05 0.82+0.07 <.05
D-D (ng/mL) 0-25657 5/6<110, <110 NAS
1 at 139
FXlla (ng/mL) 0-3.67 15+0.2 4.8%0.9 <05
F1+2 0.4-1.8"  0.5£0.0 1.0£0.1 <.05
(nmol/L)
TAT (ng/mL) 0.0-5.0" 30f6<0.6; 1.1+£0.4 NA
0.7 £0.1
C3a (ng/mL) 0-940T 5510+552 16594 + <.05
4939
C5a (ng/mL) 4.7-9.57 81 163 <.05
C1 esterase 8.0-19.5T 1M1+2 7+1 <.05
Inhibitor
(mg/mL)
CH50/classic ~ 176-282T 281+ 56 21+18 <.05
pathway
(U/mL)

Abbreviations: PC, protein C; PS, protein S; A2A, alpha-2-
plasmin; D-D, D-dimer; TAT, thrombin-antithrombin complexes.

*Values reported for plasma from Mirasol PRT-treated
platelets are corrected for the dilution due to the addition of
riboflavin.

T Reference range specific to laboratory or assay kit.

*p>.05.

§ Most data below detection limit of assay.

(Table 6). In the repeated-dose toxicity study, the
levels of riboflavin and lumichrome in blood
samples from animals receiving Mirasol PRT—
treated products were below the limits of quantifi-
cation, as were the levels in blood samples from
animals receiving untreated plasma. These results
were consistent with the observed rapid clearance
of riboflavin after IV administration, both in the
literature*® and in the pharmacokinetic study with
4C-riboflavin in Mirasol PRT—treated products.

Developmental Toxicity and Genotoxicity

No developmental toxicity was observed in the
embryo-fetal development study. All fetuses were
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examined for malformations and developmental
variations (Table 6). No mutagenicity was
observed in the Ames test (with and without S9
metabolic activating fraction) for treated or control
human platelets, or for lumichrome. The in vitro
and in vivo tests for clastogenicity in mammalian
cells (chromosomal aberration in cultured CHO
cells and micronucleus test in mouse bone marrow
cells, respectively) were also performed with
Mirasol PRT—treated products. Human platelets
treated with the Mirasol PRT System gave
negative results in all genotoxicity experiments.
Detailed results of the in vivo genotoxicity
experiment are summarized in Table 7.

Neoantigenicity and Cytotoxicity

Results of studies using '*C-labeled riboflavin
and exposure of platelets and plasma to UV light
did not demonstrate any detectable binding of
riboflavin or its photoproducts to platelets or to

Table 9. Clotting Factor Levels in Mirasol PRT-Treated FFP

Mirasol FFP

Treated*, assayed

Reference postillumination Treated*, stored

rangem4 (n = 27) for 1y (n = 27)

Fibrinogen 145-385 227 + 60 216 + 32
(mg/dL)

FVllla activity 0.52-1.55 0.6 +0.2 0.9+0.2
(IU/mL)

FIl activity 0.65-1.54 0.8+0.1 0.8+0.1
(IU/mL)

FV activity 0.54-1.45 0.7+0.1 0.6 +0.1
(IU/mL)

FVII activity 0.62-1.65 0.9+0.2 0.6 +0.1
(IU/mL)

FIX activity 0.45-1.48 0.8+0.2 0.7+0.1
(IU/mL)

FX activity 0.68-1.48 0.8+0.1 0.8+0.1
(IU/mL)

FXI activity 0.42-1.44 0.8+0.2 0.6 +£0.1
(IU/mL)

FXII activity 0.40-1.52 1.0+£0.3 0.8+0.1
(IU/mL)

Total protein 48-64 57 +2 53+3
(g/L)

Antithrombin 0.72-1.45 0.8+0.1 1.0+ 0.1
I (IU/mL)

PC (IlU/mL) 0.58-1.64 1.1+£0.2 0.9+0.2
PS (IU/mL) 0.56-1.68 0.8+0.1 1.0+ 2
PLG (IU/mL) 0.68-1.44 0.8+0.2 0.9+0.2

A2A (IU/mL) 0.72-1.32 1.0+0.2 0.9+0.1
HMWK (IlU/mL) 0.65-1.35 0.8+0.2 0.7+0.2

* Values reported for Mirasol PRT—treated plasma are cor-
rected for the dilution due to the addition of riboflavin.
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Table 10. Complement Test Results in Treated and Untreated,
Control Platelet Preparations

Sample Chemotaxis assay Enzyme release assay
Reference range Positive Positive
control = 60.4 control = 1.13
Negative Negative
control = 16.8 control = 0.32
Control (n = 6) 22.8+1.8 0.41 £0.03
Treated (n = 6) 24.2+5.0 0.45+0.14
P NS NS

NOTE: NS, P> .05.

plasma proteins. No evidence of neoantigenicity
was observed with the Ouchterlony assay, indicat-
ing that no new antigens were formed during
treatment with the Mirasol PRT System. Treatment
with the Mirasol PRT System did not result in
greater immunoglobulin G binding than what was
observed in comparison with untreated controls,
when assessed with the Capture-P assay. In the tests
of lumichrome cytotoxicity, and of the cytotoxicity
of Mirasol PRT—treated products, no cytotoxicity
was observed.

Hemocompatibility

In tests of hemocompatibility, no hemolysis was
observed. In functional assessments, when mixed
with thrombocytopenic whole blood, the function
of Mirasol PRT—treated platelets was well pre-
served, in comparison with controls.”®> Treated
platelets displayed no evidence of hyperactivation
or hypercoagulability. In evaluation of plasma
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removed from platelet products stored for 5 days,
statistically significant changes in PRT-treated
samples were observed in FXI, FXII, PK, PC, PS,
PAI-1, PLG, A2A, FXIla, and F1+2. The activities
of FXII, PK, PC, PAI-1, PLG, and F1+2 were
within the reference range. The activities of the
remaining proteins (FXI, PS, A2A, HMWK, and
FXIla) were outside the reference range, but the
changes were not deemed to be clinically relevant
compared with the levels in normal, untreated blood
(Table 8). Similar studies on platelets after -
irradiation yielded similar findings. Because ana-
lysis of plasma protein levels in platelet products
stored at room temperature for extended periods
shows degradation in protein quality due to storage
alone, Mirasol PRT—treated FFP was assessed for
factor activity. Results are presented in Table 9 for
samples held for 8 hours at room temperature after
collection and before treatment with Mirasol PRT to
simulate worst-case conditions for routine treat-
ment of plasma products. Samples were then treated
and stored frozen until analysis of factors in
standard coagulation assays. Results for all samples
analyzed remained within historical reference
ranges based on untreated, historical, and concur-
rent controls. Results for Mirasol PRT—treated FFP
are representative of values obtained for plasma
from Mirasol PRT—treated platelets immediately
posttreatment.

The plasma from Mirasol PRT—treated human
products contained significantly more C3a desarg

Table 11. Results of Pharmacokinetic Study and Test for Leachables and Extractables

Test

Findings

Pharmacokinetics of photolyzed '*C-riboflavin in Mirasol
PRT—treated rat plasma

Assessment of leachable and extractable compounds

using standard medical device biocompatibility testing
Assessment of leachable and extractable compounds in Mirasol
PRT-treated human platelets and untreated human platelets

Approximately 95% of total radioactivity administered to
animals was eliminated within approximately

260-275 h postadministration

Based upon observed areas under the curve, tissues
exhibiting highest to lowest overall exposure were liver >
kidneys > large intestine > small intestine > spleen > femur
bone marrow > lymphatics

Observed mean tq,, estimates determined from radioactivity
excretion rate data in urine (55.3 h) and determined

from radioactivity excretion rate data in feces (55.1 h)
were in excellent agreement with tq,, estimate (52.1 h)

for plasma

No significant differences before and after exposure to
treatment conditions

No polymeric material was detected by FTIR in either
treated or untreated platelet extracts

All metals detected in treated-platelet extracts were present in
untreated-platelet extracts in similar amounts.

Abbreviation: FTIR, Fourier transform infrared spectroscopy.
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and C5a desarg (2.7- and 1.8-fold higher, respec-
tively) and significantly lower values for Cl
esterase (1.8-fold lower) and CHS50 (14-fold
lower) than in plasma from untreated controls
(Table 8). The desarg forms of C3a and C5a are
biologically inactive forms of the anaphylatoxins
produced in the common pathway of complement
activation. The increase in these inactive forms in
treated products and decrease in the active compo-
nent, CH50 (total hemolytic complement), are
consistent. Little to no complement-derived activity
was observed in plasma from either Mirasol PRT—
treated platelets or untreated controls, and there
were no significant differences between treated and
control results (Table 10). Similar studies per-
formed on products after 7y-irradiation yielded
identical results (data not shown).

Pharmacokinetics of Photolyzed "*C-Riboflavin
in Rats

After a single IV administration of Mirasol-
treated plasma containing photolyzed '*C-ribofla-
vin, the radioactivity was well distributed from the
whole blood to tissues selected for assay within the
first hour postdose. Most of the excreted urinary
radioactivity was recovered by 12 hours postdose,
and more than half of all radioactivity was
excreted in urine. Blood levels of radioactivity
declined rapidly post-dose, as expected from
studies of riboflavin metabolism and excretion in
humans.*® Measurements of the radioactivity
associated with the '*C-riboflavin—treated plasma
indicated rapid initial apparent distribution (and/or
clearance) from the systemic circulation that
appeared to be complete within the first 8 to 48
hours postdose. Table 11 contains a summary of
the key study results.

Leachables and Extractables

The leachables and extractables analyses
detected no polymeric material in either test or
control platelet products (Table 11). The Mirasol
illumination/storage bag does not contain the
plasticizer di(2-ethylhexyl)pthalate (DEHP), and
testing verified that this plasticizer was not
present in treated and stored products. No
toxicologically relevant concentrations of metals
were found. These results correlate with those
from the biocompatibility testing of the Mirasol
illumination/storage bag elements—all elements
are biocompatible.
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DISCUSSION

The design of the Mirasol PRT device, the
strategy of the investigative work, and the specific
experiments that were conducted to evaluate
toxicity were based first on scientific considera-
tions and then on the need to comply with
regulatory requirements. Consideration was also
given to minimizing the need for animal experi-
mentation as far as permitted by the information
required and the need for reliable scientific
experiments. The system design and the experi-
mental program were intended to answer potential
scientific and medical concerns and to permit a
comprehensive safety assessment of the Mirasol
PRT System. The design of the preclinical safety
studies was also intended to conform to specific
regulatory requirements in different countries,
adapted to the nature of this innovative device.
The official guidelines used for the study design
included ISO 109937 for medical devices and the
general toxicity and pharmacokinetic guidelines
for drugs of the International Conference on
Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human
Use.®'% The nonclinical toxicity program was
based throughout on studying preparations that
had undergone Mirasol PRT treatment, a process
shown to be effective in reducing levels of several
types of infectious agents,*-4%-30-106.107

The testing of treated blood products has
examined the potential for toxicity resulting from
the entire process (from addition of riboflavin and
controlled illumination in the Mirasol illumination
bag) and has examined the potential for harm to
the blood products themselves. Assessments
included effects on the cells and plasma proteins,
the toxicity of riboflavin itself and its photopro-
ducts, and the effects on other system components
comprising the medical grade plastic connectors
and bags used in this process. The results obtained
have been compared with extensive literature on
the effects of riboflavin and its photoproducts in
animals and humans arising from its medical use
as a vitamin and more widely as a food colorant or
additive. The methods used have been those
recommended by current official guidelines inter-
preted according to the special nature and proper-
ties of platelets and plasma and designed to
provide as much information as possible from
focused in vitro and in vivo studies. The difference
in size between human patients and in vivo animal
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test systems has restricted application of the
standard toxicological strategy of administering a
range of doses far exceeding the human dose to
reveal possible toxic hazards. In studying Mirasol
PRT-treated blood products, the largest volumes
or doses have been given consistent with main-
taining the welfare of any animals used and to
separate effects due to toxicities of the components
from toxicities due to volume overload alone.

The results of the in vivo and in vitro toxicity
tests have reproduced previously reported findings
(Table 1) for riboflavin and its photoproducts in
animals and humans under relevant conditions,
despite the special circumstances of the presence of
blood cells and proteins and the use of various
medical-grade plastic connectors and storage con-
tainers. There has been no indication, even after
repeated administration of the maximum achievable
exposure to Mirasol PRT—treated products (6 times
per week for 13 weeks in the subchronic test in the
dog), of any untoward effect on the functions of the
major physiologic systems or in producing any
target organ toxicity. Furthermore, a variety of
special tests have shown that no detectable new
antigens are present on Mirasol PRT System—
treated cells or proteins and that such preparations
did not stimulate antibody formation. The wide
range of toxicity tests has also excluded any
genotoxic risk and any toxic effect on pregnant
animals and on embryo-fetal development. Local
tolerance at the site of IV infusion has been shown
to be good. The treated platelet preparations have
not shown any cytotoxicity, nor did they leach
unwanted substances from the containers and
connectors used in the Mirasol system.

These results indicate the lack of specific
toxicity of Mirasol PRT—treated products, and
because of the experiments done, they give a
strong indication that the same medical accept-
ability is likely also to apply to both human
platelets and to human plasma treated in the same
way. The absence of toxicity was considered likely
given the extensive prior experience in humans
and the laboratory experience of the safety of the
chemicals involved (riboflavin, lumichrome, and
the other riboflavin photoproducts), but it has been
very important to confirm that prediction and to
extend it to include the special cells and plasma
proteins also involved in the Mirasol System. To
this should be added the evidence of retention of
acceptable platelet function and survival after
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treatment, which has been the subject of additional
peer-reviewed publications.*®>'->>7

Thus, there is evidence of the safety of this
process in a broad range of laboratory tests from
which a qualitative extrapolation of safety in
patients can be made. Quantitative prediction of
safety, or at least of the margin of safety
represented by the difference between the relative
exposures of man and animals and the observed
“no effect level” in the laboratory, must be more
cautious, but there are relevant data on which to
base some realistic predictions.

The likely exposure of humans to riboflavin and
its photoproducts is 0.077 mg/kg for each unit of
product transfused. Likely exposure of recipients in
a clinical setting was calculated on the assumption
of a mean recipient weight of 70 kg, nominal
riboflavin solution concentration of 500 pmol/L,
mean riboflavin photoconversion of 18%, and
nominal riboflavin solution volume of 35 mlL.
This exposure level can be compared with the lethal
dose at which 50% of the population survives
reported for IV riboflavin in mice (50-100 mg/kg)*°
yielding a safety factor of at least 50/0.077 = 649.
However, this safety margin calculation is some-
what illusory because there is no reliable indication
from the clinical literature, or from appropriate
animal experiments, of the toxic dose of riboflavin
in man, and so, the upper bound of the “no toxic
effect level” remains unknown. It is reasonable only
to conclude that there is no reason to predict
toxicity in man due to parenteral exposure to
riboflavin and its photoproducts in Mirasol PRT—
treated products until much higher exposures are
reached than would ever be feasible from platelet or
plasma transfusions. For similar reasons, compar-
ison of exposure from treated platelets with the ADI
for riboflavin of 0 to 0.54 mg x kg ' x d ™" is no less
misleading because the ADI refers to life-long,
daily exposure to the substance in the diet and is not
an appropriate comparator for a short-term par-
enteral exposure even if the latter is repeated up to
several times per week, at least for a few months.

In these circumstances, which are not unusual for
physiologically essential substances, the best that
the toxicologist can offer is the prediction that
riboflavin and its photoproducts have low experi-
mental toxicity in vivo. Published work suggests
that administration of the agent in the extreme may
result in renal damage due to crystalluria as the
most prominent toxic effect in rodents. This work is
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derived from studies in which animals were given
very large IV doses, and the harmful effect is very
probably a consequence of the limited aqueous
solubility of riboflavin. This is far removed from
any circumstance associated with administration of
Mirasol PRT—treated products in the transfusion
setting. There is no realistic indication that chemical
toxicity will be a limiting factor in any likely course
of treatment with Mirasol PRT—treated products.

Results from all genotoxicity studies with the
Mirasol PRT System have been negative. This has
included evaluation of all photoproducts and
photolyzed platelets and plasma at the maximum
tolerable or maximum soluble limits for these
assays. The absence of any indication of potential
tumorigenic effects in the subchronic and other
tests, the lack of genotoxicity, the chemical nature
of riboflavin and its photoproducts, and the lack of
suspicion arising from the physiologic role and
human experience of this vitamin obviated the need
for further carcinogenicity testing. Prior carcino-
genicity testing of riboflavin in historical studies
(Table 1) is consistent with these findings and also
supportive of the lack of carcinogenic potential of
this compound.

REDDY ET AL

The Mirasol PRT System has been evaluated in
an extensive preclinical safety evaluation program.
The historical literature available on riboflavin and
its photoproducts as well as the results of this work
support its safety profile in man. The results
obtained from the studies conducted and reported
here are consistent with these data and indicate that
the risk of toxicity due to the use of this system in
the transfusion setting should be low.
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5.3.7

(EMC
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EU
93/42/EEC
98/79/EC
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90/385/EEC

93/42/EEC
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Class Il
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5.4.2
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Class lla Annex |l
Annex VII Annex V
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55  R&TTE (1999/5/EC)

Radio Equipment and Telecommunications Terminal Equipment

9kHz-3,000GHz

° TV
R&TTE ECI: Equipment Class
Identifier
Class EU

ISDN PSTN GSM
Class EU

TETRA TERAPOL PMR

A
CE
ID
CE ID

CE
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5.6 (93/68/EEC)

14 EN71
A EN71
B+C
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EU

EU
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IEC

ISO
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6.3 EMC

89/336/EEC TCF
2004/108/EC

89/336/EEC  TCF

( EMC

EMC
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6.4

EU
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6.5 R&TTE
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7.1
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6.1)

6.2)

6.3)

6.4)
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7.10)
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7.3 EMC

2004/108/EC
89/336/EEC
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7.4

Annex |
7.5 R TTE
R&TTE
7.6

13
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1)
(2) EU

EU

(Declaration of Conformity: DoC)

)

EU

EU

10
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EC Declaration of Conformity

Black Monolith Inc.
2001 Monclith Road, Sea of Tranquility, The Moon

We declare, under our solo responsibility, that the product:

Product Super computer
Model HAL o000

to which this declaration relates complies with the provisions of following European Directives:

73/23/EEC as amended by 93/68/EEC — Directive on the harmonization of the laws
of Member States relating to electrical equipment designed for use within certain voltage
lirnits;

20,/336/EEC as amended by 92/31 /EEC and 93/68 /EEC — Directive on the approximation
of the laws of the Mamber States relating to electromagnetic compatibility.

Applied Harmonized Standards

EN 60050-1:2001
Information technology equipment — Safety — Part 1: General requirements

EN 55022:1008 4+ A1:2000 4+ AZ:2003
Limits and methods of messurement of radio disturbance characteristics of information
technology equipment

EN 61000-3-2:2000
Limits for harmonic current emissions {equipment input current up to and including
16 A per phase)

EN 61000-3-3:1995 4+ A1:2001
Limitation of voltage changes, voltage fluctuations and flicker in public low-voltage
supply systems, for equipment with rated current < 16 A per phase and not subject
to conditional connection

Authorized Representative

Black Monolith Eurcpe GmbH
2010 Discovery Avenue, Neverland, Germany

Signature: Bowman

Diavid Bowmsan
Technical Director, Black Monaclith Ine.

Date of Issue: 1 .ﬂp’!‘h{, 2005
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CE

CE

EU
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CE
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CE

CE

CE
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http://www.newapproach.org/

http://www.newapproach.org/ProductFamilies/Default.asp

The New Approach to technical harmonisation and standardisation - Harmonised Standards

http://europa.eu.int/comm/enterprise/newapproach/standardization/harmstds/index_en.html

Active Implantable Medical Devices Directive 90/385/EEC

http://europa.eu.int/comm/enterprise/newapproach/standardization/harmstds/reflist/implmedd.html

oEMC - EMC Directive 89/336/EEC

http://europa.eu.int/comm/enterprise/electr_equipment/emc/index.htm

http://europa.eu.int/comm/enterprise/newapproach/standardization/harmstds/reflist/emc.html

o|VD

In vitro diagnostic medical devices Directive 98/79/EC

http://europa.eu.int/comm/enterprise/newapproach/standardization/harmstds/reflist/invimedd.html

° - Low Voltage Directive

http://europa.eu.int/comm/enterprise/electr_equipment/lv/index.htm

http://europa.eu.int/comm/enterprise/newapproach/standardization/

harmstds/reflist/lvd.html

° - Machinery Directive 98/37/EC

http://europa.eu.int/comm/enterprise/mechan_equipment/machinery/index.htm

http://europa.eu.int/comm/enterprise/newapproach/standardization/harmstds/reflist/machines.html

oR&TTE

Radio and Telecommunications Terminal Equipment R&TTE Directive 1999/5/EC

http://europa.eu.int/comm/enterprise/newapproach/standardization/harmstds/reflist/radiotte.html

° - Medical Devise Directive 93/42/EEC

http://europa.eu.int/comm/enterprise/medical_devices/index.htm

http://europa.eu.int/comm/enterprise/newapproach/standardization/harmstds/reflist/meddevic.html

http://europa.eu.int/comm/enterprise/toys/index_en.htm
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CE

2006 3

107-6006 1-12-32
TEL (03)3582-6270
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