
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

97
2 

35
1

B
1

��&�����������
(11) EP 1 972 351 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
11.05.2011 Bulletin 2011/19

(21) Application number: 08006177.3

(22) Date of filing: 21.07.1999

(51) Int Cl.:
A61L 2/00 (2006.01)

(54) Method for inactivation of microorganisms using photosensitizers

Verfahren zur Inaktivierung von biologischen Schadstoffen mithilfe von Photosensibilisatoren

Procédé pour l’inactivation de contaminants biologiques utilisant des photosensibilisateurs

(84) Designated Contracting States: 
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU 
MC NL PT SE

(30) Priority: 21.07.1998 US 119666
20.07.1999 US 357188

(43) Date of publication of application: 
24.09.2008 Bulletin 2008/39

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
99937340.0 / 1 047 458

(73) Proprietor: CaridianBCT Biotechnologies, LLC
Lakewood CO 80215 (US)

(72) Inventors:  
• Goodrich, Raymond, Paul, Jr.

Denver
CO 80209 (US)

• Corbin, Frank, III
Littleton
CO 80123 (US)

• Wood, Edward, C., Jr.
Morrison
CO 80465 (US)

• Hlavinka, Dennis, J.
Arvada
CO 80007 (US)

(74) Representative: McCluskie, Gail Wilson
J.A. Kemp & Co. 
14 South Square 
Gray’s Inn
London WC1R 5JJ (GB)

(56) References cited:  
WO-A-88/03369 WO-A-88/10087
WO-A-97/05203 US-A- 4 520 072



EP 1 972 351 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] Contamination of blood supplies with infectious microorganisms such as HIV, hepatitis and other viruses and
bacteria presents a serious health hazard for those who must receive transfusions of whole blood or administration of
various blood components such as platelets, red cells, blood plasma, Factor VIII, plasminogen, fibronectin, anti-thrombin
III, cryoprecipitate, human plasma protein fraction, albumin, immune serum globulin, prothrombin complex plasma growth
hormones, and other components isolated from blood. Blood screening procedures may miss contaminants, and steri-
lization procedures which do not damage cellular blood components but effectively inactivate all infectious viruses and
other microorganisms have not heretofore been available.
[0002] Solvent detergent methods of blood component decontamination work by dissolving phospholipid membranes
surrounding viruses such as HIV, and do not damage protein components of blood; however, if blood cells are present,
such methods cannot be used because of damage to cell membranes.
[0003] The use of photosensitizers, compounds which absorb light of a defined wavelength and transfer the absorbed
energy to an energy acceptor, has been proposed for blood component sterilization. For example, European Patent
application 196,515 published October 8, 1986, suggests the use of non-endogenous photosensitizers such as porphy-
rins, psoralens, acridine, toluidines, flavine (acriflavine hydrochloride), phenothiazine derivatives, and dyes such as
neutral red, and methylene blue, as blood additives. Protoporphyrin, which occurs naturally within the body, can be
metabolized to form a photosensitizer; however, its usefulness is limited in that it degrades desired biological activities
of proteins. Chlorpromazine, is also exemplified as one such photosensitizer; however its usefulness is limited by the
fact that it should be removed from any fluid administered to a patient after the decontamination procedure because it
has a sedative effect.
[0004] Goodrich, R.P., et al. (1997), "The Design and Development of Selective, Photoactivated Drugs for Sterilization
of Blood Products," Drugs of the Future 22:159-171 provides a review of some photosensitizers including psoralens,
and some of the issues of importance in choosing photosensitizers for decontamination of blood products. The use of
texaphyrins for DNA photocleavage is described in U.S. Patent Nos. 5,607,924 issued March 4, 1997 and 5,714,328
issued February 3, 1998 to Magda et al. The use of sapphyrins for viral deactivation is described in U.S. Patent No.
5,041,078 issued August 20, 1991 to Matthews, et al. Inactivation of extracellular enveloped viruses in blood and blood
components by Phenthiazin-5-ium dyes plus light is described in U.S. Patent No. 5,545,516 issued August 13, 1996 to
Wagner. The use of porphyrins, hematoporphyrins, and merocyanine dyes as photosensitizing agents for eradicating
infectious contaminants such as viruses and protozoa from body tissues such as body fluids is disclosed in U.S. Patent
4,915,683 issued April 10, 1990 and related U.S. Patent No. 5,304,113 issued April 19, 1994 to Sieber et al. The
mechanism of action of such photosensitizers is described as involving preferential binding to domains in lipid bilayers,
e.g. on enveloped viruses and some virus-infected cells. Photoexcitation of membrane-bound agent molecules leads to
the formation of reactive oxygen species such as singlet oxygen which causes lipid peroxidation. A problem with the
use of such photosensitizers is that they attack cell membranes of desirable components of fluids to be decontaminated,
such as red blood cells, and the singlet oxygen also attacks desired protein components of fluids being treated. U.S.
Patent 4,727,027 issued February 23, 1988 to Wiesehahn, G.P., et al. discloses the use of furocoumarins including
psoralen and derivatives for decontamination of blood and blood products, but teaches that steps must be taken to
reduce the availability of dissolved oxygen and other reactive species in order to inhibit denaturation of biologically active
proteins. Photoinactivation of viral and bacterial blood contaminants using halogenated coumarins is described in U.S.
Patent 5,516,629 issued May 14, 1996 to Park, et al. U.S. Patent 5,587,490 issued December 24, 1996 to Goodrich Jr.,
R.P., et al. and U.S. Patent No. 5,418,130 to Platz, et al. disclose the use of substituted psoralens for inactivation of
viral and bacterial blood contaminants. The latter patent also teaches the necessity of controlling free radical damage
to other blood components. U.S. Patent 5,654,443 issued August 5, 1997 to Wollowitz et al. teaches new psoralen
compositions used for photodecontamination of blood. U.S. Patent 5,709,991 issued January 20, 1998 to Lin et al.
teaches the use of psoralen for photodecontamination of platelet preparations and removal of psoralen afterward. U.S.
Patent 5,120,649 issued June 9, 1992 and related U.S. Patent 5,232,844 issued August 3, 1993 to Horowitz, et al., also
disclose the need for the use of "quenchers" in combination with photosensitizers which attack lipid membranes, and
U.S. Patent 5,360,734 issued November 1, 1994 to Chapman et al. also addresses this problem of prevention of damage
to other blood components.
[0005] Photosensitizers which attack nucleic acids are known to the art. U.S. Patent 5,342,752 issued August 30,
1994 to Platz et al. discloses the use of compounds based on acridine dyes to reduce parasitic contamination in blood
matter comprising red blood cells, platelets, and blood plasma protein fractions. These materials, although of fairly low
toxicity, do have some toxicity e.g. to red blood cells. This patent fails to disclose an apparatus for decontaminating
blood on a flow-through basis. U.S. Patent No. 5,798,238 to Goodrich, Jr., et al., discloses the use of quinolone and
quinolone compounds for inactivation of viral and bacterial contaminants.
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[0006] Binding of DNA with photoactive agents has been exploited in processes to reduce lymphocytic populations
in blood as taught in U.S. Patent No. 4,612,007 issued September 16, 1986 and related U.S. Patent No. 4,683,889
issued August 4, 1987 to Edelson.
[0007] Riboflavin (7,8-dimethyl-10-ribityl isoalloxazine) has been reported to attack nucleic acids. Photoalteration of
nucleic acid in the presence of riboflavin is discussed in Tsugita, A, et al. (1965), "Photosensitized inactivation of ribo-
nucleic acids in the presence of riboflavin," Biochimica et Biophysica Acta 103:360-363; and Speck, W.T. et al. (1976),
"Further Observations on the Photooxidation of DNA in the Presence of Riboflavin," Biochimica et Biophysica Acta 435:
39-44. Binding of lumiflavin (7,8,10-trimethylisoalloxazine) to DNA is discussed in Kuratomi, K., et al. (1977), "Studies
on the Interactions between DNA and Flavins," Biochimica et Biophysica Acta 476:207-217. Hoffmann, M.E., et al.
(1979), "DNA Strand Breaks in Mammalian Cells Exposed to Light in the Presence of Riboflavin and Tryptophan,"
Photochemistry and Photobiology 29:299-303 describes the use of riboflavin and tryptophan to induce breaks in DNA
of mammalian cells after exposure to visible fluorescent light or near-ultraviolet light. The article states that these effects
did not occur if either riboflavin or tryptophan was omitted from the medium. DNA strand breaks upon exposure to
proflavine and light are reported in Piette, J. et al. (1979), "Production of Breaks in Single- and-Double-Stranded Forms
of Bacteriophage ΦX174 DNA by Proflavine and Light Treatment," Photochemistry and Photobiology 30:369-378, and
alteration of guanine residues during proflavine-mediated photosensitization of DNA is discussed in Piette, J., et al.
(1981), "Alteration of Guanine Residues during Proflavine Mediated Photosensitization of DNA," Photochemistry and
Photobiology 33:325-333.
[0008] J. Cadet, et al. (1983), "Mechanisms and Products of Photosensitized Degradation of Nucleic Acids and Related
Model Compounds," Israel J. Chem. 23:420-429, discusses the mechanism of action by production of singlet oxygen
of rose bengal, methylene blue, thionine and other dyes, compared with mechanisms not involving production of singlet
oxygen by which nucleic acid attack by flavin or pteron derivatives proceeds. Riboflavin is exemplified in this disclosure
as having the ability to degrade nucleic acids. Korycka-Dahl, M., et al. (1980), "Photodegradation of DNA with Fluorescent
Light in the Presence of Riboflavin, and Photoprotection by Flavin Triplet-State Quenchers," Biochimica et Biophysica
Acta 610:229-234 also discloses that active oxygen species are not directly involved in DNA scission by riboflavin. Peak,
J.G., et al. (1984), "DNA Breakage Caused by 334-nm Ultraviolet Light is Enhanced by Naturally Occurring Nucleic Acid
Components and Nucleotide Coenzymes," Photochemistry and Photobiology 39:713-716 further explores the mecha-
nism of action of riboflavin and other photosensitizers. However, no suggestion is made that such photosensitizers be
used for decontamination of medical fluids.
[0009] Apparatuses for decontamination of blood have been described in U.S. Patent No. 5,290,221 issued March 1,
1994 to Wolfe, Jr., et al. and U.S. Patent No. 5,536,238 issued July 16, 1996 to Bischof. U.S. Patent No. 5,290,221
discloses the irradiation of fluid in a relatively narrow, arcuate gap. U.S. Patent 5,536,238 discloses devices utilizing
optical fibers extending into a filtration medium. Both patents recommend as photosensitizers benzoporphryin derivatives
which have an affinity for cell walls.
[0010] The invention provides a method for inactivating microorganisms on a surface comprising:

(a) applying to said surface an inactivation-effective amount of an endogenous photosensitizer chosen from al-
loxazines, vitamin Ks, vitamin L, naphthoquinones and naphthalenes; and
(b) exposing said surface to photoradiation sufficient to activate the photosensitizer.

[0011] One mechanism by which these photosensitizers may inactivate microorganisms is by interfering with nucleic
acids, so as to prevent replication of the nucleic acid.
[0012] As used herein, the term "inactivation of a microorganism" means totally or partially preventing the microor-
ganism from replicating, either by killing the microorganism or otherwise interfering with its ability to reproduce.
[0013] Microorganisms include viruses (both extracellular and intracellular), bacteria, bacteriophages, fungi, blood-
transmitted parasites, and protozoa. Exemplary viruses include acquired immunodeficiency (HIV) virus, hepatitis A, B
and C viruses, sinbis virus, cytomegalovirus, vesicular stomatitis virus, herpes simplex viruses, e.g. types I and II, human
T-lymphotropic retroviruses, HTLV-III, lymphadenopathy virus LAV/IDAV, parvovirus, transfusion-transmitted (TT) virus,
Epstein-Ban virus, and others known to the art. Bacteriophages include φX174, φ6, λ, R17, T4 and T2. Exemplary bacteria
include P. aeruginosa, S aureus, S. epidermis, L. monocytogenes, E. coli, K. pneumonia and S. marcescens.
[0014] The term "biologically active" means capable of effecting a change in a living organism or component thereof.
"Biologically active" with respect to "biologically active protein" as referred to herein does not refer to proteins which are
part of the microorganisms being inactivated. Similarly, "non-toxic" with respect to the photosensitizers means low or
no toxicity to humans and other mammals, and does not mean non-toxic to the microorganisms being inactivated.
"Substantial destruction" of biological activity means at least as much destruction as is caused by porphyrin and porphyrin
derivatives, metabolites and precursors which are known to have a damaging effect on biologically active proteins and
cells of humans and mammals. Similarly, "substantially non-toxic" means less toxic than porphyrin, porphyrin derivatives,
metabolites and precursors that are known for blood sterilization.
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[0015] The term "blood product" as used herein includes blood constituents and therapeutic protein compositions
containing proteins derived from blood as defined above. Fluids containing biologically active proteins other than those
derived from blood may also be treated by the methods of this invention.
[0016] Photosensitizers used in this invention are suitably compounds which preferentially adsorb to nucleic acids,
thus focusing their photodynamic effect upon microorganisms and viruses with little or no effect upon accompanying
cells or proteins. Also useful are photosensitizers, such as those using singlet oxygen-dependent mechanisms. The
photosensitisers are endogenous photosensitizers. The term "endogenous" means naturally found in a human or mam-
malian body, either as a result of synthesis by the body or because of ingestion as an essential foodstuff (e.g. vitamins)
or formation of metabolites and/or byproducts in vivo. The photosensitisers used in the invention are endogenous
photosensitizers, chosen from alloxazines such as 7,8-dimethyl-10-ribityl isoalloxazine (riboflavin), 7,8,10-trimethyl-
isoalloxazine (lumiflavin), 7,8-dimethylalloxazine (lumichrome), isoalloxazine-adenine dinucleotide (flavine adenine di-
nucleotide [FAD]), alloxazine mononucleotide (also known as flavine mononucleotide [FMN] and riboflavine-5-phos-
phate), vitamin Ks, vitamin L, their metabolites and precursors, and napththoquinones, naphthalenes and naphthols and
their derivatives having planar molecular conformations. The term "alloxazine" includes isoalloxazines.
[0017] Preferred endogenous photosensitizers are:
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[0018] This invention provides methods for treating surfaces to inactivate microorganisms which may be present
thereon comprising applying to such surfaces an inactivation-effective, non-toxic amount of a photosensitiser as defined
herein, and exposing the surface to photoradiation sufficient to activate the photosensitizer. The surface may be a food
surface such as a fruit, vegetable or animal carcass, surface or surfaces of cut or processed foods. Particulate materials
such as ground meats may be treated by mixing the photosensitizer with the material and continuing to mix while
irradiating to expose fresh surfaces to photoradiation.
[0019] The surface may alternatively be a food preparation surface such as a counter top or storage shelf, or may be
a surface of a bathing or washing vessel such as a kitchen sink, bathtub or hot tub, or a swimming pool or the like. In
addition, the surface may be the surface of a living animal or plant, or may be a wound surface.
[0020] The photosensitizer may be applied in a suitable carrier such as water or a solution containing other treatment
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additives, by spraying, dipping, wiping on, or by other means known to the art. The amount of photosensitizer and energy
of photoradiation required for treatment will be readily determined by one of skill in the art without undue experimentation
depending on the level of contamination and the material being treated.

BRIEF DESCRIPTION OF THE FIGURES

[0021]

Figure 1 depicts the riboflavin absorbance spectrum.

Figure 2 depicts a correlation of light absorbance and hematocrit observed and predicted for red blood cells, and
predicted for platelets.

Figure 3 depicts photodecomposition over time of riboflavin in anticoagulant Acid Citrate Dextrose (ACD) solution.
The solid line with circles indicates percent of initial riboflavin remaining at 373 nm. The dotted line with squares
indicates percent of initial riboflavin remaining at 447 nm.

Figure 4 depicts the transmission profile of various plastic cuvettes as a function of wavelength. The solid line
represent a 3.2 mm acrylic cuvette. The dotted line (-----) represents a 3.2 mm UV acrylic cuvette. The dashed line
(--) represents a 3.2 mm polystyrene (PS) cuvette, and the crossed line indicates a 3.2 mm polycarbonate (PC)
cuvette.

Figure 5 depicts the light flux required in mW per cm2 as a function of flow rate, i.e. the flux required to deliver one
joule/cm2 to a sample in the cuvette.

DETAILED DESCRIPTION

[0022] The decontamination method of this invention using photosensitizers as defined herein is exemplified herein
using 7,8-dimethyl-10-ribityl isoalloxazine as the photosensitizer. However, any of the defined photosensitizers may be
used. The photosensitizer preferably does not break down as a result of the photoradiation into products which significantly
destroy desired components or have significant toxicity. The wavelength at which the photosensitizer is activated is
determined as described herein, using literature sources or direct measurement.
[0023] The method preferably uses endogenous photosensitizers as defined herein, including endogenous photosen-
sitizers which function by interfering with nucleic acid replication. 7,8-dimethyl-10-ribityl isoalloxazine is the preferred
photosensitizer for use in this invention. The chemistry believed to occur between 7,8-dimethyl-10-ribityl isoalloxazine
and nucleic acids does not proceed via singlet oxygen-dependent processes (i.e. Type II mechanism), but rather by
direct sensitizer-substrate interactions (Type I mechanisms). Cadet et al. (1983) J. Chem., 23:420-429, clearly demon-
strate the effects of 7,8-dimethyl-10-ribityl isoalloxazine are due to non-singlet oxygen oxidation of guanosine residues.
In addition, adenosine bases appear to be sensitive to the effects of 7,8-dimethyl-10-ribityl isoalloxazine plus UV light.
This is important since adenosine residues are relatively insensitive to singlet oxygen-dependent processes. 7,8-dimethyl-
10-ribityl isoalloxazine appears not to produce large quantities of singlet oxygen upon exposure to UV light, but rather
exerts its effects through direct interactions with substrate (e.g., nucleic acids) through electron transfer reactions with
excited state sensitizer species. Since indiscriminate damage to cells and proteins arises primarily from singlet oxygen
sources, this mechanistic pathway for the action of 7,8-dimethyl-10-ribityl isoalloxazine allows greater selectivity in its
action than is the case with compounds such as psoralens which possess significant Type II chemistry.
[0024] The methods of this invention do not require the use of enhancers such as "quenchers" or oxygen scavengers,
however these may be used to enhance the process by reducing the extent of non-specific cell or protein-damaging
chemistry or enhancing the rate of pathogen inactivation. Further preferred methods using non-toxic endogenous pho-
tosensitizers and endogenously-based derivative photosensitizers do not require removal of photosensitizers from the
fluid after photoradiation. Test results show little or no damage to other blood components, e.g. platelets remain biolog-
ically active five days post-treatment.

EXAMPLES

Example 1. Absorbance Profile of 7,8-dimethyl-10-ribityl isoalloxazine

[0025] A sample of 7,8-dimethyl-10-ribityl isoalloxazine (98% purity) was obtained from Sigma Chemical Company.
A portion of this sample was submitted for analysis using a scanning UV spectrophotometer. The range studied covered



EP 1 972 351 B1

10

5

10

15

20

25

30

35

40

45

50

55

the region of 200 to 900 nm. For analysis, the sample was dissolved in distilled water. A sample spectrum from this
analysis is shown in Figure 1.
[0026] Results were consistent with those reported in the literature for the absorbance maxima and extinction coeffi-
cients for 7,8-dimethyl-10-ribityl isoalloxazine

[0027] Appropriate wavelengths for irradiation are 373 and 445 nm. The extinction coefficients observed at these
absorbance maxima is sufficient to ensure adequate activation of the sensitizer in solution.

Example 2. Solubility of 7,8-dimethyl-10-ribityl isoalloxazine

Solubility in Isolyte S, pH 7.4 Media

[0028] The maximum solubility of 7,8-dimethyl-10-ribityl isoalloxazine in Isolyte S media was determined as follows:
[0029] 7,8-dimethyl-10-ribityl isoalloxazine was mixed with Isolyte S until a precipitate was formed. The mixture was
agitated at room temperature for one hour and vortex mixed to ensure complete dissolution of the suspended material.
Additional 7,8-dimethyl-10-ribityl isoalloxazine was added until a solid suspension remained despite additional vortex
mixing. This suspension was then centrifuged to remove undissolved material. The supernatant from this preparation
was removed and analyzed using a spectrophotometer. The absorbance values of the solution were determined at 447
nm and 373 nm. From the extinction coefficients that were determined previously, it was possible to estimate the con-
centration of the saturated solution
Concentration (373) = 110 PM = 42 Pg/mL
Concentration (447) = 109 PM = 40.9 Pg/mL

Solubility in ACD-A Anticoagulant

[0030] The same procedure described above was repeated using ACD-A Anticoagulant. The values obtained from
these measurements were as follows:
Concentration (373) = 166 PM = 63 Pg/mL
Concentration (447) = 160 PM = 60.3 Pg/mL
[0031] The values obtained from these studies indicate an upper limit of solubility of the compound that may be
expected.

Example 3. Photodecomposition of 7,8-dimethyl-10-ribityl isoalloxazine in Aqueous Media

[0032] A solution of 7,8-dimethyl-10-ribityl isoalloxazine in Sigma ACD-A was prepared at a concentration of 63 Pg/mL.
This preparation was taken up into a glass pipette and placed in the path of a UV light source (365 nm λmax with filters
to remove light below 320 nm). The suspension was irradiated for specific intervals at which aliquots were removed for
spectroscopic analysis. The absorbance of the dissolved 7,8-dimethyl-10-ribityl isoalloxazine was monitored at 373 and
447 nm at each time interval. The results are depicted in Figure 3 and Table 1.

Literature λmax (ε) Measured λmax (ε)

267 (32,359) 222 (30,965)
265 (33,159)

373 (10,471) 373 (10,568)
447 (12,303) 445 (12,466)

Table 1. Photodecomposition of 7,8-dimethyl-10-ribityl isoalloxazine Upon Exposure to UV Light (365 nm) in Acid 
Solution

Irradiation Time % of Initial, 373 nm I % of Initial, 447 nm

0 100 100

5 87.3 61.6

10 90.5 76.6

15 100 70
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[0033] The absorption profile for the solution at 373 nm indicates that no significant decomposition of the reagent
occurred over the entire irradiation period. The absorbance of light at this wavelength corresponds to n-π* electronic
transitions. The absence of a decrease in the intensity of this peak over time indicates that the ring structure of the
molecule is intact despite prolonged irradiation under these conditions. The absorbance of the molecule at 447 nm is
due to π-π* electronic state transitions. The decrease in the absorbance of the molecule at this wavelength with increasing
irradiation times is indicative of subtle alterations in the resonance structure of the molecule. This change is most likely
due to the loss of ribose from the ring structure of the 7,8-dimethyl isoalloxazine backbone and the formation of 7,8-
dimethylalloxozine as a result. These changes are consistent with literature reports on the behavior of the molecule
upon irradiation with UV light.
[0034] The apparent lack of decomposition of the ring structure of the molecule is in stark contrast to observations
with psoralen based compounds under similar conditions. During irradiation, a significant fluorescence of the molecule
in solution was observed. This behavior of the molecule is consistent with the resonance features of the ring structure
and provides a means for the dissipation of energy in the excited state molecule in a non-destructive fashion.

Example 4. Flow System Concept Evaluation

Light Transmission Properties of Existing Spectra Cuvette

[0035] The existing Spectra cuvette is composed of polycarbonate. The light transmission properties of this cuvette
were measured at 373 and 447 nm by placing the cuvette in the light path of a UV spectrophotometer. The values
obtained were as follows:

[0036] These results are consistent with those reported in the literature for polycarbonate plastics (see Figure 4). The
literature values indicate a steep shoulder for the transmission of light through polycarbonates in the region of 300 nm.
For the region above 350 nm, the light transmission properties are adequate for this application.

Light Flux Requirements Calculated as a Function of Flow Rates

[0037] In order for a flow system to be feasible, the sample must be provided with an adequate flux of light during its
presence in the beam path. If the proposed Spectra cuvette were to serve this purpose, then it is possible to estimate
the light flux requirements as a function of flow rates through the cuvette as follows:
The volume of solution present in the irradiation zone of the cuvette is ca. 0.375 mls. The transit time for a cell in this
region of the cuvette can be determined from the following equation: 

At 100 mls per minute, the transit time (T) would be 0.00375 min = 0.225 seconds.
[0038] The energy to which a sample is exposed is dependent on the flux according to the following equation: 

[0039] If we assume that 1 Joule/cm2 is required to activate the sensitizer adequately and the transit time (T) is 0.22
seconds (i.e., flow rate of 100 mls/min through the cuvette), then the required Flux during the sample’s transit through
the cuvette is 4,545 mW/cm2. A graph depicting the relationship of the required flux from the light source to flow rates
through the cuvette is provided in Figure 5.
[0040] These results indicate that, for a flow system to operate properly, UV sources with outputs in the region of

Wavelength of Light % Transmittance

373 nm 66%
447 nm 80%
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Watts/cm2 are required.
[0041] Figure 2 shows how absorbance should vary with concentration of platelets.

Claims

1. A method for inactivating microorganisms on a surface comprising:

(a) applying to said surface an inactivation-effective amount of an endogenous photosensitizer chosen from
alloxazines, vitamin Ks, vitamin L, naphthoquinones and naphthalenes; and
(b) exposing said surface to photoradiation sufficient to activate the photosensitizer.

2. A method according to claim 1, wherein said surface is a food surface.

3. A method according to claim 1, wherein said surface is the surface of animal carcass.

4. A method according to claim 1, wherein said surface is a food-preparation surface.

5. A method according to claim 1, wherein said surface is a surface of a bathing or washing vessel.

6. A method according to claim 1, wherein said surface is a surface of an animal skin.

7. A method according to claim 1, wherein the endogenous alloxazine photosensitizer is chosen from 7,8-dimethyl-
10-ribityl isoalloxazine, 7,8,10-trimethylisoalloxazine, 7,8,-dimethylalloxazine, isoalloxazine-adenine dinucleotide
and alloxazine mononucleotide.

8. A method according to claim 7, wherein said endogenous alloxazine photosensitizer is 7,8-dimethyl-10-ribityl iso-
alloxazine.

9. A method according to claim 1, wherein said microorganisms are chosen from intracellular and extracellular viruses,
bacteria, bacteriophages, fungi, blood transmitted parasites and protozoa.

10. A method according to claim 1, wherein said photoradiation is light in the visible spectrum, light in the ultraviolet
spectrum, or a mixture of light in the visible and ultraviolet spectrum.

11. A method according to claim 1, wherein photosensitizer is applied in a carrier.

12. A method according to claim 11, wherein the carrier is water or a solution containing other treatment additives.

13. A method according to claim 1, wherein the step applying to the surface includes the steps of spraying, dipping or
wiping on.

14. A method according to claim 1, wherein the photoradiation comes from a photoradiation source capable of delivering
from 1 J/cm2 to 120 J/cm2.

15. An inactivation-effective amount of an endogenous photosensitiser chosen from alloxazine, vitamin Ks, vitamin L,
naphthoquinones and naphthalenes for use in inactivating microorganims on a wound surface, by applying the
endogenous photosensitiser to the wound surface and exposing the surface to photoradiation sufficient to activate
the photosensitiser.

Patentansprüche

1. Verfahren zur Inaktivierung von Mikroorganismen auf einer Oberfläche, umfassend:

(a) das Aufbringen einer für Inaktivierung wirksamen Menge eines endogenen Photosensibilisators, ausgewählt
aus Alloxazinen, Vitamin Ks, Vitamin L, Naphthochinonen und Naphthalinen, auf die Oberfläche; und
(b) das Bestrahlen der Oberfläche mit Photostrahlung, welche zur Aktivierung des Photosensibilisators ausrei-
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chend ist.

2. Verfahren gemäß Anspruch 1, wobei die Oberfläche eine Nahrungsmitteloberfläche ist.

3. Verfahren gemäß Anspruch 1, wobei die Oberfläche die Oberfläche eines Tierkörpers ist.

4. Verfahren gemäß Anspruch 1, wobei die Oberfläche eine Nahrungsmittelzubereitungsoberfläche ist.

5. Verfahren gemäß Anspruch 1, wobei die Oberfläche eine Oberfläche eines Bade- oder Waschgefäßes ist.

6. Verfahren gemäß Anspruch 1, wobei die Oberfläche eine Oberfläche einer Tierhaut ist.

7. Verfahren gemäß Anspruch 1, wobei der endogene Alloxazin-Photosensibilisator aus 7,8-Dimethyl-10-ribitylisoal-
loxazin, 7,8,10-Trimethylisoalloxazin, 7,8-Dimethylalloxazin, Isoalloxazinadenindinucleotid und Alloxazinmononu-
cleotid ausgewählt ist.

8. Verfahren gemäß Anspruch 7, wobei der endogene Alloxazin-Photosensibilisator 7,8-Dimethyl-10-ribitylisoalloxazin
ist.

9. Verfahren gemäß Anspruch 1, wobei die Mikroorganismen aus intrazellulären und extrazellulären Viren, Bakterien,
Bakteriophagen, Pilzen, durch Blut übertragenen Parasiten und Protozoen ausgewählt sind.

10. Verfahren gemäß Anspruch 1, wobei die Photostrahlung Licht im sichtbaren Spektrum, Licht im ultravioletten Spek-
trum oder ein Gemisch von Licht im sichtbaren und ultravioletten Spektrum ist.

11. Verfahren gemäß Anspruch 1, wobei der Photosensibilisator in einem Träger aufgebracht wird.

12. Verfahren gemäß Anspruch 11, wobei der Träger Wasser oder eine Lösung, welche andere Behandlungsadditive
enthält, ist.

13. Verfahren gemäß Anspruch 1, wobei der Schritt des Aufbringens auf die Oberfläche die Schritte Sprühen, Tauchen
oder Aufstreichen einschließt.

14. Verfahren gemäß Anspruch 1, wobei die Photostrahlung von einer Photostrahlungsquelle, welche zum Bereitstellen
von 1 J/cm2 bis 120 J/cm2 in der Lage ist, stammt.

15. Für Inaktivierung wirksame Menge eines endogenen Photosensibilisators, ausgewählt aus Alloxazin, Vitamin Ks,
Vitamin L, Naphthochinonen und Naphthalinen, zur Verwendung in der Inaktivierung von Mikroorganismen auf einer
Wundoberfläche durch Aufbringen des endogenen Photosensibilisators auf die Wundoberfläche und Bestrahlen
der Oberfläche mit Photostrahlung, welche zur Aktivierung des Photosensibilisators ausreichend ist.

Revendications

1. Procédé pour inactiver des microorganismes sur une surface, comprenant:

(a) l’application à ladite surface d’une quantité d’inactivation efficace d’un agent photosensibilisant endogène
choisi parmi les alloxazines, les vitamines K, la vitamine L, les naphtoquinones et les naphtalènes ; et
(b) l’exposition de ladite surface à un rayonnement lumineux suffisant pour activer l’agent photosensibilisant.

2. Procédé selon la revendication 1, dans lequel ladite surface est une surface d’un aliment.

3. Procédé selon la revendication 1, dans lequel ladite surface est la surface d’une carcasse animale.

4. Procédé selon la revendication 1, dans lequel ladite surface est une surface d’une préparation alimentaire.

5. Procédé selon la revendication 1, dans lequel ladite surface est une surface d’un récipient destiné au bain ou au
lavage.
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6. Procédé selon la revendication 1, dans lequel ladite surface est une surface d’une peau d’animal.

7. Procédé selon la revendication 1, dans lequel l’agent photosensibilisant endogène d’alloxazine est choisi parmi la
7,8-diméthyl-10-ribityl-isoalloxazine, la 7,8,10-triméthylisoalloxazine, la 7,8-diméthylalloxazine, le dinucléotide isoal-
loxazine-adénine et le mononucléotide alloxazine.

8. Procédé selon la revendication 7, dans lequel ledit agent photosensibilisant endogène d’alloxazine est la 7,8-dimé-
thyl-10-ribityl-isoalloxazine.

9. Procédé selon la revendication 1, dans lequel lesdits microorganismes sont choisis parmi des virus, des bactéries,
des bactériophages, des levures, des protozoaires et des parasites transmis par le sang intracellulaires et extra-
cellulaires.

10. Procédé selon la revendication 1, dans lequel ledit rayonnement lumineux est la lumière du spectre visible, la lumière
du spectre ultraviolet ou un mélange de lumière des spectres visible et ultraviolet.

11. Procédé selon la revendication 1, dans lequel l’agent photosensibilisant est appliqué à un support.

12. Procédé selon la revendication 11, dans lequel le support est l’eau ou une solution contenant d’autres additifs de
traitement.

13. Procédé selon la revendication 1, dans lequel l’étape d’application à la surface comprend les étapes de pulvérisation,
de trempage ou d’étalement.

14. Procédé selon la revendication 1, dans lequel le rayonnement lumineux provient d’une source de rayonnement
lumineux capable de donner 1 J/cm2 à 120 J/cm2.

15. Quantité d’inactivation efficace d’un agent photosensibilisant endogène choisi parmi l’alloxazine, les vitamines K,
la vitamine L, les naphthoquinones et les naphtalènes pour utilisation dans l’inactivation de microorganismes sur
la surface d’une blessure, par application de l’agent photosensibilisant endogène sur la surface d’une blessure et
exposition de la surface à un rayonnement lumineux suffisant pour activer l’agent photosensibilisant.
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