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(57) ABSTRACT 
Methods and compositions for treating pathogens in material 
are described, including methods of decontaminating human 
?uids prior to processing in the clinical laboratory and 
methods for decontaminating blood products prior to in vivo 
use. The techniques handle large volumes of human serum 
Without impairing the testing results. Novel compounds for 
photodecontaminating biological material are also contem 
plated Which are compatible With clinical testing, in that they 
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TREATING BLOOD OR BLOOD PRODUCTS WITH 
COMPOUNDS WHICH HAVE A MUSTARD, 

AZIRIDINIUM OR AZIRIDINE GROUP AND A 
NUCLEIC ACID BINDING GROUP 

[0001] This application is a continuation in part of US. 
patent application Ser. No. 08/338,040, ?led Nov. 14, 1994. 

FIELD OF THE INVENTION 

[0002] The invention generally relates to neW compounds 
and methods for the in vitro inactivation of pathogens in 
biological material intended for in vitro or in vivo use, and 
in particular the inactivation of pathogens in solutions 
containing red blood cells, prior to clinical testing or trans 
fusion. 

BACKGROUND 

[0003] The presence of pathogens in blood products, as 
Well as other biological materials, is recogniZed as a sig 
ni?cant health problem to health Workers as Well as recipi 
ents of the materials. 

[0004] With regard to health Workers, a great volume of 
human ?uids is handled daily as part of the routine moni 
toring of hospital patients by obtaining and testing human 
?uids (blood, urine, spinal ?uid, etc.). Typically, each admit 
ted patient has at least a tube of blood collected every day 
by a phlebotomist. During the transferring, portioning and 
testing process, each sample tube is handled by at a clinical 
Worker While its contents are exposed. This intensive han 
dling of potentially infectious human ?uids is not Without 
health risk. The Occupational Safety and Health Adminis 
tration (OSHA) estimates that over ?ve million health 
Workers, including hospital laboratory Workers, are exposed 
to blood borne-pathogen infections in the Work place annu 
ally. The pathogen responsible for the overWhelming major 
ity of infections is the hepatitis B virus (HBV). The Center 
for Disease Control (CDC) estimates there are tWelve thou 
sand cases of HBV infection among health Workers each 
year. Of these cases, over ?ve hundred require hospitaliZa 
tion and approximately tWo hundred and ?fty of these 
patients die (i.e. from fulminant hepatitis, cirrhosis or liver 
cancer). See Guidelines for Prevention of Transmission of 
HIV and HBV to Health-Care and Public Safety Workers, 
CDC (February 1989). Most full time laboratory employees 
contract hepatitis at least once during their career. Indeed, up 
to one third of all health care Workers shoW serological 
evidence of a previous HBV infection. Id. 

[0005] FolloWing the recognition of Acquired Immunode 
?ciency Syndrome (AIDS), clinical laboratories have insti 
tuted additional precautions. For example, rather than using 
manually positioned plastic inserts to maintain the separa 
tion of cells from serum after samples are centrifuged, a 
“gel” is noW available that is in the empty tube at the time 
the blood is draWn. When the tube is centrifuged the cells go 
beloW the gel While the serum remains above. While the 
separation can be maintained in this manner Without as 
much sample handling, this does not reduce the handling of 
the technologist at the point of analysis. Unfortunately, 
infectious virus can persist in a liquid or dried state for 
prolonged periods of time, possibly even at elevated tem 
peratures. Resnick et al., JAMA 255:1887 (1986). 

[0006] Preventative measures such as gloves and eye-Wear 
are not complete solutions to the problem. Accidents in the 
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laboratory or clinic typically involve exposure over a larger 
portion of the body and disease can be transmitted through 
the skin and mucous membranes. Morbidity and Mortality 
Weekly Report 36:285 (1987). 

[0007] Clearly, there remains a need for a more adequate 
solution to blood borne-pathogen infections in the Work 
place. Such a solution should serve as a protection against a 
Wide range of pathogens. Furthermore, the mechanics of the 
solution should not unduly interfere With operations of a 
laboratory or blood bank. 

[0008] Another signi?cant problem is the contamination 
of the blood supply for in vivo use. The safety of the blood 
supply continues to be threatened by the transmission of 
pathogens by transfusion. While the threat posed by the 
human immunode?ciency virus (HIV) and the Acquired 
Immune De?ciency Syndrome (AIDS) is noW Widely pub 
liciZed, contamination of blood products With a number of 
other blood-borne infectious viral agents is of even greater 
concern. See R. Y. Dodd, In: Transfusion Medicine in the 
1990’s (American Assoc. Blood Banks 1990) (S. J. Nance, 
ed.). For example, in the United States, it is estimated that 
up to ten (10) percent of multiply transfused recipients 
develop hepatitis accounting for many thousands of cases 
annually. 
[0009] Whole blood collected from volunteer donors for 
transfusion recipients is typically separated into its compo 
nents: red blood cells, platelets, and plasma. Each of these 
fractions are individually stored and used to treat a multi 
plicity of speci?c conditions and disease states. 

[0010] The red blood cell component is used primarily to 
treat trauma, chronic anemia, and blood loss due to surgery 
(particularly cardiac and liver surgery), including postop 
erative bleeding. D. M. Surgenor et al. Transfusion 321458 
(1992). Approximately tWelve (12) million units of red cells 
are transfused into approximately four (4) million recipients 
annually in the United States alone. E. L. Wallace et al. 
Transfusion 33:139 (1993). 

[0011] The safety of the blood supply cannot be assured by 
merely testing the blood for pathogens before transfusion. 
Most testing relies on the detection of antibodies to the 
pathogen in the prospective blood donor. It is noW Well 
documented that infectious agents can be transmitted by 
“seronegative” blood donors, i.e. donors that have no detect 
able antibodies to the pathogen. For example, thirteen cases 
of transfusion-related AIDS have been reported to the Cen 
ters for Disease Control (CDC) among recipients of blood 
that Was pre-tested and found negative for antibody to the 
HIV-1 virus. 

[0012] Clerical errors and other mistakes further expose 
patients to contaminated, incorrectly tested or mislabeled 
blood. To complicate the problem, one bad unit can create 
several victims, since Whole blood is routinely split into 
components. Mistakes are not infrequent in blood banks. 
Since the beginning of 1990, 29,586 blood bank errors and 
accidents have been reported to the FDA. “HoW Safe Is Our 
Blood,” US. News and World Report, Jun. 27, 1994, 68-78. 
Recalls by blood centers of blood released in error are 
generally ineffective because they take place months or 
years after the blood products have been transfused. 

[0013] An alternative approach to eliminate transmission 
of diseases through blood products is to develop a means to 
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inactivate pathogens in transfusion products. Some of these 
techniques such as heat [J. Hilfenhous et al. J. Biol. Std. 
70:589 (1987)], solvent/detergent treatment [B. HoroWitZ et 
al. Transfusion 25:516 (1985)], gama-irradiation [G. Moroff 
et al. Transfusion 26:453 (1986)] or UV alone N. 
ProudouZ et al. Blood 70:589 (1987)] are completely incom 
patible With maintenance of red cell function. 

[0014] Another means to inactivate pathogens is the use of 
methylene blue. S. J. Wagner et al. examined methylene blue 
as a virucidal for red cell solutions. S. J. Wagner et al. 
Transfusion 33:30 (1993). Photo treatment of red cells With 
methylene blue Was found to cause loss of ATP, enhanced 
ion permeability, and binding of autologous immunoglobu 
lin (IgG) to the red cell surface. It Was speculated that some 
general (and undesirable) modi?cation of the red cell mem 
brane occurs as a result of the treatment. 

[0015] Yet another approach is to deplete the red cell 
product of contaminating lymphocytes Which may harbor 
viral pathogens. Both leukodepletion With ?lters and freeZe/ 
thaW procedures have been examined. S. M. Bruisten et al. 
Transfusion 30:833 (1990). Complete removal of lympho 
cytes, hoWever, cannot be achieved With such methods. 
Furthermore, leukodepletion does not address cell-free 
virus. Thus, this approach is not suf?cient to render blood 
completely safe. 

[0016] Finally, there is the approach of avoiding blood and 
using blood substitutes. Hemoglobin solutions, per?uoro 
carbon emulsions and vesicle-encapsulated hemoglobin 
have all been suggested as candidates. Unfortunately, each 
of these has been shoWn to be inadequate as a general 
substitute. See R. M. WinsloW In: Blood Safety: Current 
Challenges (S. J. Nance ed.) (AABB 1992) (pp. 151-167). 
[0017] In sum, there is a need for a means of inactivating 
viral pathogens in red blood cell solutions. This approach 
must be effective Without causing harm to the blood product 
or the transfusion recipient. 

SUMMARY OF THE INVENTION 

[0018] The present invention generally relates to neW 
compounds and methods for the in vitro inactivation of 
pathogens in biological material intended for in vitro or in 
vivo use, and in particular the inactivation of pathogens in 
solutions containing red blood cells, prior to clinical testing 
or transfusion. In accordance With the present invention, a 
compound having a nucleic acid binding ligand and a 
mustard group is selectively employed to treat contamina 
tion by nucleic acid-containing microorganisms, including 
pathogenic viruses. Without intending to suggest a mecha 
nism for the present invention, such compounds are alky 
lating agents. 

[0019] The present invention contemplates a method of 
decontaminating pathogens in a blood product, comprising: 
adding a compound having a mustard group and a nucleic 
acid binding ligand comprising a psoralen group or an 
acridine group to a biological composition suspected of 
containing pathogens, to create a mixture, said compound 
reaching a ?nal concentration suf?cient to inactivate sub 
stantially all of said pathogens, and incubating said mixture 
Without signi?cant damage to said biological composition. 
In one embodiment, the compound is added to the biological 
composition to a ?nal concentration of said compound of 
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betWeen 1 pig/ml and 250 pig/ml. In another embodiment, the 
mixture is incubated for betWeen 1 minute and 48 hours. In 
an embodiment of the present invention, the compound is 
added to the biological composition, the compound is in a 
mixture comprising dextrose, sodium chloride, mannitol, 
adenine and H20. 

[0020] The present invention contemplates that the bio 
logical composition comprises a blood product. The present 
invention also contemplates an additional step: c) transfus 
ing said blood product into a mammal. In one embodiment, 
the blood product transfused comprises red blood cells, or 
speci?cally, red blood cell concentrate. 

[0021] The present invention contemplates the inactiva 
tion of both viral and bacterial pathogens. Compounds 
contemplated by the present invention for this method are 
8-[3-(Bis-2-chloroethyl)amino]propyloxypsoralen, 5-[3 
(Bis-2-chloroethyl)aminopropyloxy]methyl-8-methoxypso 
ralen, 5-[3-(Bis-2-chloroethyl)aminopropyloxy]methyl-8 
methoxypsoralen, and 4‘-[4-(Bis-2 
chloroethyl)aminobutoxy]methyl-4,5‘,8-trimethylpsoralen. 
The invention contemplates that more than one of said 
compounds may be added to the biological composition. 
Further, the invention contemplates a step c): after incubat 
ing said mixture, removing said compound from said bio 
logical composition With an adsorbent material. 

[0022] Speci?cally, the present invention contemplates a 
method of inactivating pathogens in a blood product, com 
prising: a) adding a compound having a mustard group and 
a nucleic acid binding ligand comprising a psoralen group or 
an acridine group to a blood product comprising red blood 
cells suspected of containing pathogens, to create a mixture, 
said compound reaching a ?nal concentration suf?cient to 
inactivate substantially all of said pathogens, and b) incu 
bating said mixture for betWeen 1 minute and 48 hours, 
Without signi?cant damage to said red blood cells. The 
compound may be added to the blood product to a ?nal 
concentration of a compound having a nucleic acid binding 
ligand and a mustard group of betWeen 1 pig/ml and 250 
pig/ml. As an additional component, the invention contem 
plates that When the compound having a nucleic acid bind 
ing ligand and a mustard group is added to the blood 
product, the compound is in a mixture comprising dextrose, 
sodium chloride, mannitol, adenine and H20. In another 
embodiment, the method further comprises: c) transfusing 
said blood product into a mammal. The present invention 
contemplates the inactivation by this method of both viral 
and bacterial pathogens. Further contemplated is a blood 
product decontaminated by this method. Various compounds 
are contemplated for use in this method, including: 8-[3 
(Bis-2-chloroethyl)amino]propyloxypsoralen, 5-[3-(Bis-2 
chloroethyl)aminopropyloxy]methyl-8-methoxypsoralen, 
5-[3-(Bis-2-chloroethyl)aminopropyloxy]methyl-8-methox 
ypsoralen, and 4‘-[4-(Bis-2-chloroethyl)aminobutoxy]me 
thyl-4,5‘,8-trimethylpsoralen. Further, more than one of said 
compounds may be added to said blood product. The present 
invention contemplates the additional step comprising: c) 
after incubating said mixture, removing said compound 
from said biological composition With an adsorbent mate 
rial. 

[0023] In yet another embodiment, the present invention 
contemplates compositions of matter, comprising: 8-[3-(Bis 
2-chloroethyl)amino]propyloxypsoralen, 5-[3-(Bis-2-chlo 
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roethyl)aminopropyloXy]methyl-8-methoXypsoralen, 5-[3 
(Bis-2-chloroethyl)aminopropyloXy]methyl-8 
methoXypsoralen, and 4‘-[4-(Bis-2 
chloroethyl)aminobutoXy]methyl-4,5 ‘,8 -trimethylpsoralen. 

DESCRIPTION OF THE FIGURES 

[0024] FIG. 1 is a graph showing reduction in titer of R17 
treated With varying concentrations of quinacrine mustard in 
either Adsol or dimethyl sulphoXide (DMSO). The horiZon 
tal dotted line represents the limit of detection of the assay 
used. 

[0025] FIG. 2 is a graph shoWing inactivation of R17 by 
quinicrine mustard as a function of hematocrit. 

[0026] FIG. 3 is a graph shoWing the inactivation kinetics 
of quinicrine mustard. 

[0027] FIG. 4 is a graph shoWing the reduction in titer of 
R17 as a function of time of incubation of quinicrine 
mustard in Adsol. 

[0028] FIG. 5 is a graph shoWing the reduction in R17 
inactivation activity as a function of time When incubated in 
the presence of either Adsol, red blood cells or Amberlite 
XAD-16TM. 

[0029] FIG. 6 is a graph shoWing the effects of quinicrine 
mustard at varying concentrations on eXtra-cellular potas 
sium levels. 

[0030] FIG. 7 is a graph shoWing the reduction in titer of 
R17 treated With varying concentrations of quinicrine mus 
tard; the horiZontal dotted line represents the limit of detec 
tion of the assay used. 

[0031] FIG. 8 is a graph shoWing the activity of quinicrine 
mustard, after incubation in red blood cells, With or Without 
the presence of Amberlite XAD-16TM, in an Ames assay 
using strain TA 1537. 

[0032] FIG. 9 is a graph shoWing the inactivation of a 
bacterial strain, Staphylococcus Epidermis, using quinicrine 
mustard at varying concentrations. 

DESCRIPTION OF THE INVENTION 

[0033] The present invention generally relates to neW 
compounds and methods for the in vitro inactivation of 
pathogens in biological material intended for in vitro or in 
vivo use, and in particular the inactivation of pathogens in 
solutions containing red blood cells, prior to clinical testing 
or transfusion. In accordance With the present invention, a 
compound having a nucleic acid binding ligand and a 
mustard group is selectively employed to treat contamina 
tion by nucleic acid-containing microorganisms, including 
pathogenic viruses and bacteria. 

[0034] I. Compounds of the Present Invention 

[0035] Red blood cell decontamination methods using 
photoactivated compounds have in the past encountered a 
problem due to the absorbency, by hemoglobin, of light at 
Wavelengths necessary to activate compounds. Thus, even 
though the previous methods Would inactivate pathogens in 
other media, they are inef?cient in the presence of red blood 
cells. In contrast, the present invention contemplates a 
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method of steriliZation capable of effectively inactivating 
pathogens even in red cell concentrates [hematocrits ranging 
from 1% to 60% or higher]. 

[0036] The present invention contemplates treating red 
blood cell solutions With a compound Which inactivates 
pathogens Without requiring eXposure to light. The advan 
tage of the present invention for inactivation in ?uids for 
transfusion is tWo-fold. First, light is not required, alloWing 
for a less complex technology for inactivation. Second, the 
decontamination compound is completely reacted after a 
short amount of time. The treatment is complete in several 
minutes or hours, depending on the compound used. Mate 
rial Which does not react With nucleic acids or another 
biomolecule hydrolyZes, leaving no compound to be trans 
fused. 

[0037] Without intending to be limited to any particular 
mechanism of action of the present invention, compounds of 
the present invention have tWo characteristics in common. 
The ?rst characteristic is that they bind nucleic acid non 
covalently. The second is that they have at least one mustard 
group. 

[0038] A. Non-covalent Nucleic Acid Binding Group 

[0039] A compound Which binds nucleic acid has a 
“nucleic acid binding ligand”, herein de?ned as a group 
Which has an af?nity for and can bind to nucleic acids 
non-covalently. There are several modes of binding to 
nucleic acids. Compounds Which bind by any of the folloW 
ing modes, combinations of them, or other modes are 
considered nucleic acid binding ligands. While the invention 
is not limited to the folloWing compounds, some examples 
of nucleic acid binding ligands are: a) intercalators, such as 
acridines, acridones, pro?avin, acri?avine, actinomycins, 
anthracyclinones, beta-rhodomycin A, daunamycin, thiaX 
anthenones, miracil D, anthramycin, mitomycin, echinomy 
cin, quinomycin, triostin, diacridines, ellipticene (including 
dimers, trimers and analogs), norphilin A, ?uorenes and 
?ourenones, ?uorenodiamines, quinacrine, benZacridines, 
phenaZines, phenanthradines, phenothiaZines, chlorprom 
aZine, phenoXaZines, benZothiaZoles, Xanthenes and thio 
Xanthenes, anthraquinones, anthrapyraZoles, benZothiopyra 
noindoles, 3,4-benZpyrene, benZopyrene diol epoXidie, 
l-pyrenyloxirane, benZanthracene-5,6-oXide, benZodipy 
rones, benZothiaZoles, quinolones, chloroquine, quinine, 
phenylquinoline carboXamides, furocoumarins, such as pso 
ralens and isopsoralens, ethidium salts, propidium, coralyne, 
ellipticine cation and derivatives, polycyclic hydrocarbons 
and their oXirane derivatives, and echinimycin; b) minor 
groove binders such as distamycin, mitomycin, netropsin, 
other leXitropsins, Hoechst 33258 and other Hoechst dyes, 
DAPI (4‘,6‘-diamidine-2-phenylindole), berenil, and triaryl 
methane dyes; c) major groove binders such as a?atoXins; d) 
molecules that bind by electrostatics (phosphate backbone 
binders), such as spermine, spermidine, and other 
polyamines; e) nucleic acids or analogues Which bind by 
such sequence speci?c interactions as triple heliX formation, 
D-loop formation, and direct base pairing to single stranded 
targets. 

[0040] While not limited to any particular mechanism, it is 
believed that the nucleic acid binding ligand functions as a 
carrier (or anchor) that targets (or directs) the molecule to 
nucleic acid, interacting non-covalently thereWith. 
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[0041] 1. Psoralens as Noncovalent Nucleic Acid Binding 
Groups 

[0042] The present invention contemplates a speci?c class 
of compounds Which use a psoralen group as a nucleic acid 
binding group. These compounds are particularly suitable 
for use in the present invention. Previous nucleic acid 
speci?c alkylating agents typically contain an alkylating 
moiety such as a chloroethylamine fragment, connected to a 
nucleic acid speci?c group, an intercalator (e.g., acridine), or 
a minor groove binder. These moieties are mutagenic in 
themselves. After the residual alkyating agent has been 
hydrolysed from the compound, the residue may still be 
rather mutagenic. In contrast, compounds having a psoralen 
nucleic acid binding group display substantially reduced 
mutagenicity, thus providing an improved safety factor. 
Psoralens are Well knoWn as nucleic acid intercalators but 
their utility has mainly been as photoactive agents Which 
covalently bind to the nucleic acids upon irradiation With 
UVA (320-400 nm). Without intending to be bound to any 
mechanism of action of the present invention, it is hypoth 
esiZed that the role of the psoralen group in the compounds 
described here is as an intercalator to increase the speci?city 
of location of the alkylating agent, and thus the speci?city of 
the alkylation reaction to nucleic acids. 

[0043] Speci?cally some novel compounds of the present 
invention contain psoralens [7H-furo(3,2-g)-(1)-benZopy 
ran-7-one, or b-lactone of 6-hydroXy-5-benZofuranacrylic 
acid], Which are linear molecules: 

[0044] and in Which the tWo oXygen residues appended to 
the central aromatic moiety have a 1, 3 orientation, and 
further in Which the furan ring moiety is linked to the 6 
position of the tWo ring coumarin system. Psoralen deriva 
tives are derived from substitution of the linear furocou 
marin at the 3, 4, 5, 8, 4‘, or 5‘ positions. 

[0045] A psoralen of the present invention is represented 
in the structure beloW, Wherein one or tWo of R1, R2, R3, R4, 
or R5 are a (2-chloroethyl)amino group, optionally With a 
second 2-chloroethyl group on the amine, attached to a 
psoralen by a chain of one to nine carbons. The chain can 
contain one or more heteroatoms of the group comprising 
oXygen, nitrogen or sulfur. The chain can optionally contain 
one or more unsaturated bonds or carbonyl groups. The 
chain is optionally substituted With loWer alkyl groups. 

[0046] Speci?cally the novel compounds contain a psor 
alen Where one or tWo of R1, R2, R3, R4, or R5 are a 
(2-chloroethyl)amino group or (2-bromoethyl)amino group, 
optionally With a second 2-haloethyl group on the amine, 
attached to a psoralen by a chain of one to nine carbons. The 
chain can contain one or more heteroatoms of the group 
comprising oXygen, nitrogen or sulfur. The chain can option 
ally contain one or more unsaturated bonds or carbonyl 
groups. The chain is optionally substituted With loWer alkyl 
groups. 
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[0047] Positions R1-R5 unoccupied by the alkylating 
group may be hydrogen, loWer alkyl, loWer alkoXy, halogen, 
CH2OR6 or CH2NR7R8 (Where R6-R8 are hydrogen or 
loWer alkyl). 

[0048] The compounds may be neutral amines, or their 
salts. 

R 
R3 2 

R1 
/ \ 

R4 

0 o 0 

[0049] Ring construction of psoralens, and their function 
aliZation With displaceable groups, X, (Where X=Cl, Br, I, 
OSO2CH3, etc,) is described in the literature (Hearst et al, 
US. Pat. Nos. 4,124,598; 4,196,281; Kaufman, US. Pat. 
Nos. 4,269,851; 4,269,852; 4,294,822; 4,298,614; 4,370, 
344; WolloWitZ et al., US. Pat. No. 5,399,719; Antonello, S. 
C., et al., Farmaco (1978) 34, 139). 

[0050] The desired products are constructed by one of 
three routes. In the ?rst, a 2-hydroXyethylamine (e.g., 
diethanolamine) is reacted directly With psoralen-(CH2)nX 
Where X is a readily displaceable group such as a halide, 
mesylate or tosylate. The chain is attached to the psoralen at 
the 3, 4, 4‘, 5‘, or 8 positions, other substituents may be on 
the psoralen ring, and n=1-6. In a second steps, the hydroXy 
groups of the intermediate are then converted to chloro or 
bromo groups by standard means, for eXample With thionyl 
chloride to give the desired product. 

[0051] In the second route, the functionaliZed psoralen is 
reacted With HY—(CH2)m—OH, Where Y=NH, S, O and 
m=2-6). The terminal alcohol is then converted to a readily 
displaceable group (halo, mesylate, etc.) by standard means, 
then reacted With the (2-hydroXyethyl)amine. The resultant 
compound is converted into a haloethylamine-functional 
iZed product as described above. 

[0052] In the ?nal route, the HY—(CH2)m— 
N(CH2CH2OH)2, Where m=2 to 6, is prepared as described 
in the literature (e.g., Peck, R. M., Preston, R. K., Creech, H. 
J., J. Amer Chem. Soc., (1959) 81, 3984), and reacted 
directly With the functionaliZed psoralen. Again, conversion 
of the hydroXy groups to halides gives the desired psoralen 
mustard products. 

[0053] B. Mustard Group 

[0054] The second characteristic that compounds of the 
present invention have in common is that they contain at 
least one mustard group. A“mustard group” is de?ned here 
as including mono or bis haloethylamine groups, and mono 
haloethylsul?de groups. 

[0055] The present invention is not limited strictly to 
mustards. It is believed that mustards can form reactive 
intermediates such as aZiridinium or aZiridine complexes 
and sulfur analogs of these complexes. The present inven 
tion also contemplates functional groups that are the equiva 
lent of mustards, such as epoXides. 
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[0056] While not limited to any particular mechanism, 
compounds having mustard groups are known to react With 
nucleic acids to form covalent complexes Which inhibit 
nucleic acid replication. They are typically solids that, upon 
dissolution in a medium Which contains nucleophiles, com 
pletely react Within minutes or hours. Some eXamples are 
shoWn beloW. 

.icii r i e 

Z 

Cl 

1 

HN 

l 

/ 
N 

[0057] Nitrogen mustards are members of the class of 

compounds, having a nucleic acid binding ligand and a 
mustard group, Which are thoroughly described in the lit 

erature. E.g., see Gravatt, G. L., et al., “DNA-Directed 

Alkylating Agents. 4. 4-Anilinoquinoline-Based Minor 
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Groove Directed Aniline Mustards,” J. Med. Chem. 34:1552 
(1991); Cummings, J., et al., “Determination of Reactive 
Nitrogen Mustard Anticancer Drugs in Plasma by High 
Performance Liquid Chromatography Using DerivatiZa 
tion,” Anal. Chem. 63:1514 (1991). They are knoWn to be 
potent alkylators of nucleic acid and due to this mode of 
action, they have been Widely studied as anti-tumor agents. 

Hoechst mustard (CRL) 

Cl N/\/ 

Cl 
FCE 24517 (Farmitalia) 

Cl 

COS 

Several have found practical use in the clinic (e.g. aniline 
mustard, chlorambucil, melphalan). 

[0058] One class of nitrogen mustards is the aniline mus 
tards. These compound have at least one haloethylaminoa 
niline group on it, Where the haloethyl may be mono or bis. 
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An example of a bis(haloethyl)aminoaniline group appears 
below (Where R is the point of linkage to other groups): 

[0059] A speci?c aniline mustard group is the acridine 
carried aniline mustards (described in Gravatt, et al., J. Med. 
Chem. 3411552), Where R comprises a linking group (for 
example O, CH2, S, COHN, or CO, hoWever, other linking 
groups are contemplated) Which links the mustard group to 
a second component, an acridine group. An example of the 
components of a 9-aminoacridine carried aniline mustard 
appears beloW (Where X is the linking group): 

[0060] The present invention demonstrates that a speci?c 
compound having a nucleic acid binding ligand and a 
mustard group, N1,Nl-bis(2-chloroethyl)-N4-(6-chloro-2 
methoxy-9-acridinyl)-1,4-pentanediamine dihydrochloride 
(“quinicrine mustard”), is useful as an antiviral agent for red 
cells. Quinicrine mustard is commercially available (from 
Aldrich, MilWaukee, Wis., as quinicrine mustard dihydro 
chloride hydrate, structure shoWn beloW). 

O 

/ 
c1 N 

[0061] 
[0062] The present invention contemplates novel com 
pounds and a neW use for compounds having a nucleic acid 
binding ligand and a mustard group: the inactivation of 
viruses and bacteria in blood, blood products and other 
biological compositions. While not an exclusive list, the 
folloWing biological compositions are contemplated, and are 

II. Materials for Decontamination 
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referred to generally as “samples”. Of the blood and blood 
components contemplated, exemplary compositions include 
Whole blood, packed red cells, platelets, plasma (fresh or 
fresh froZen plasma), and proteins derived from blood or 
blood components. Blood components also encompass 
plasma protein portion, antihemophilic factor (AHF, Factor 
VIII); Factor IX and Factor IX complex (Factors II, VII, IX 
and X); ?brinogens, Factor XIII, prothrombin and thrombin 
(Factor II and IIa); immunoglobulins (e.g. IgA, IgD, IgE, 
IgG and IgM and fragments thereof eg Fab, F(ab‘)2, and 
Fc); hyper-immune globulins as used against tetanus and 
hepatitis B; cryoprecipitate; albumin; interferons; lymphok 
ines; and transfer factors. The present invention also con 
templates, as part of blood and blood products, a synthetic 
version of any blood or blood product. 

[0063] Other biological compositions Which are contem 
plated by the present invention include vaccines, recombi 
nant DNA produced proteins, oligopeptide ligands, etc. 
Biological compositions also encompass clinical samples 
other than blood and blood components, such as urine, 
sputum, feces, spinal ?uid, and other materials removed 
from mammals for clinical testing. 

[0064] 
[0065] The present invention contemplates treating a 
blood product With a compound having a nucleic acid 
binding ligand and a mustard group to inactivate contami 
nating pathogen nucleic acid sequences before using the 
blood product. 

[0066] A. Inactivation in General 

[0067] The term “inactivation” is here de?ned as the 
altering of the nucleic acid of a unit of pathogen so as to 
render the unit of pathogen incapable of replication. This is 
distinct from “total inactivation”, Where all pathogen units 
present in a given sample are rendered incapable of repli 
cation, or “substantial inactivation,” Where most of the 
pathogen units present are rendered incapable of replication. 
“Inactivation efficiency” of a compound is de?ned as the 
level of inactivation the compound can achieve at a given 
concentration of compound or dose of irradiation. For 
example, if 100 pM of a hypothetical compound X inacti 
vated 5 logs of HIV virus Whereas under the same experi 
mental conditions, the same concentration of compound Y 
inactivated only 1 log of virus, then compound X Would 
have a better “inactivation ef?ciency” than compound Y. 

III. Inactivation of Pathogens 

[0068] To appreciate that an “inactivation” method may or 
may not achieve “total inactivation,” it is useful to consider 
a speci?c example. A bacterial culture is said to be inacti 
vated if an aliquot of the culture, When transferred to a fresh 
culture plate and permitted to groW, is undetectable after a 
certain time period. A minimal number of viable bacteria 
must be applied to the plate for a signal to be detectable. 
With the optimum detection method, this minimal number is 
1 bacterial cell. With a sub optimal detection method, the 
minimal number of bacterial cells applied so that a signal is 
observed may be much greater than 1. The detection method 
determines a “threshold” beloW Which the “inactivation 
method” appears to be completely effective (and above 
Which “inactivation” is, in fact, only partially effective). 

[0069] B. Inactivation of Potential Pathogens 

[0070] The same considerations of detection method and 
threshold exist When determining the sensitivity limit of an 
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inactivation method for nucleic acid. Again, “inactivation” 
means that a unit of pathogen is rendered incapable of 
replication. 
[0071] In the case of inactivation methods for material to 
be used by humans, Whether in vivo or in vitro, the detection 
method can theoretically be taken to be the measurement of 
the level of infection With a disease as a result of exposure 
to the material. The threshold beloW Which the inactivation 
method is complete is then taken to be the level of inacti 
vation Which is suf?cient to prevent disease from occurring 
due to contact With the material. It is recogniZed that in this 
practical scenario, it is not essential that the methods of the 
present invention result in “total inactivation”. That is to say, 
“substantial inactivation” Will be adequate as long as the 
viable portion is insuf?cient to cause disease. Thus “sub 
stantially all” of a pathogen is inactivated When any viable 
portion of the pathogen Which remaining is insuf?cient to 
cause disease. The inactivation method of the present inven 
tion renders nucleic acid in pathogens substantially inacti 
vated. In one embodiment, the inactivation method renders 
pathogen nucleic acid in blood preparations substantially 
inactivated. 

[0072] Without intending to be limited to any method by 
Which the compounds of the present invention inactivate 
pathogens, it is believed that inactivation results from alky 
lation of portions of the pathogen nucleic acid. Further, 
While it is not intended that the inactivation method of the 
present invention be limited by the nature of the nucleic 
acid; it is contemplated that the inactivation method render 
all forms of nucleic acid (Whether DNA, mRNA, etc.) 
substantially inactivated. 

[0073] When a compound having a nucleic acid binding 
ligand and a mustard group is used to modify nucleic acid, 
the interaction of the pathogen nucleic acid (Whether DNA, 
mRNA, etc.) With the compound preferably prevents repli 
cation of the pathogen, such that, if a human is exposed to 
the treated pathogen, infection Will not result. 

[0074] “Synthetic media” is herein de?ned as an aqueous 
synthetic blood or blood product storage media. In one 
embodiment, the present invention contemplates inactivat 
ing blood products in synthetic media comprising a buffered 
saline solution. 

[0075] The present method inactivates nucleic acid based 
pathogens present in blood through a single procedure. 
Thus, it has the potential to eliminate bacteria, protoZoa, and 
viruses as Well. It is not intended that the present invention 
be limited by the number or nature of pathogens inactivated. 
Importantly, hoWever, the treatment of the present invention 
has been found to block the replication of the HIV virus. Had 
an effective decontamination method been available prior to 
the advent of the AIDS pandemic, no transfusion associated 
HIV transmission Would have occurred. Decontamination 
based on compounds having a nucleic acid binding ligand 
and a mustard group has the potential to eliminate all 
infectious agents from the blood supply, regardless of the 
pathogen involved. 

[0076] C. Selecting Compounds for Inactivation of Patho 
gens 

[0077] In order to evaluate a compound to decide if it 
Would be useful in the decontamination methods of the 
present invention, tWo important properties should be con 
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sidered: 1) the compound’s ability to inactivate pathogens 
and 2) its mutagenicity after treatment. The ability of a 
compound to inactivate pathogens may be determined by 
several methods. One technique is to perform a bacterioph 
age screen; an assay Which determines nucleic acid binding 
of test compounds. A screen of this type, an R17 screen, is 
described in detail in an example, beloW. If the R17 screen 
shoWs inactivation activity, it is useful to directly test the 
compound’s ability to inactivate a virus. One method of 
performing a direct viral inactivation screen is described in 
detail in an example beloW for cell free HIV. 

[0078] The R17 bacteriophage screen is believed to be 
predictive of HIV inactivation ef?ciency, as Well as the 
ef?ciency of compounds against many other viruses. R17 
Was chosen because it Was expected to be a very difficult 
pathogen to inactivate. It is a small, single stranded RNA 
phage. Without intending to be limited to any means by 
Which the present invention operates, it is expected that 
shorter pieces of nucleic acid are harder to inactivate 
because they provide a smaller target for the compound. 
Thus it is expected that under conditions that result in the 
inactivation of R17 the inactivation of many viruses and 
bacteria Will also be obtained. 

[0079] The cell free HIV screen complements the R17 
screen by af?rming that a given compound Which has tested 
positive in R17 Will actually Work effectively to inactivate 
viruses. Thus, if a compound shoWs activity in the R17 
screen, it is next tested in the viral inactivation screen. 

[0080] The second property that is important in testing a 
compound for use in methods of the present invention is 
mutagenicity after treatment. The most Widely used 
mutagen/carcinogen screening assay is the Ames test. This 
assay is described by D. M. Maron and B. N. Ames in 
Mutation Research, 113: 173 (1983) and a speci?c screen is 
described in detail in an example, beloW. The Ames test 
utiliZes several unique strains of Salmonella typhimurium 
that are histidine-dependent for groWth and that lack the 
usual DNA repair enZymes. The frequency of normal muta 
tions that render the bacteria independent of histidine (i.e., 
the frequency of spontaneous revertants) is loW. The test 
alloWs one to evaluate the impact of any residual chemical 
entities that remain after treatment on this revertant fre 
quency. 

[0081] Because some substances are not mutagenic by 
themselves, but are converted to a mutagen by metabolic 
action, the compound to be tested is mixed With the bacteria 
on agar plates along With the liver extract. The liver extract 
serves to mimic metabolic action in an animal. Control 
plates have only the bacteria and the extract. 

[0082] The mixtures are alloWed to incubate. GroWth of 
bacteria (if any) is checked by counting colonies. Apositive 
Ames test is one Where the number of colonies on the plates 
With mixtures containing the compound signi?cantly 
exceeds the number on the corresponding control plates. 

[0083] When knoWn carcinogens are screened in this 
manner With the Ames test, approximately ninety percent are 
positive. When knoWn noncarcinogens are similarly tested, 
approximately ninety percent are negative. 

[0084] A compound can be evaluated as a potential 
decontamination compound for use in the present invention, 
as shoWn in Table 1, beloW. X is initially evaluated in Step 
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I. X is screened in the R17 assay, in the presence of red blood 
cells, at several different concentrations betWeen 4 and 320 
pM, as explained in an example beloW. If the compound 
shoWs inactivation activity greater than 1 log inactivation of 
R17 (log kill) in the R17 screen at any concentration, the 
compound is then screened in the cell free HIV assay, Step 
II, as explained in an example beloW. If the compound shoWs 
inactivation activity greater than 1 log inactivation of HIV 
(log kill) in the cell free HIV assay, the compound is a useful 
agent for inactivation of pathogens in clinical test samples. 
If the compound is being evaluated for decontamination of 
biological materials to be used in vivo, it is then taken 
through Step III. Abiological material decontaminated by a 
method of the present invention is screened in the Ames 
assay to determine Whether any compound that remains after 
decontamination is mutagenic. Finally, if the residual mate 
rial does not shoW signi?cant mutagenicity in the Ames 
assay, the compound is identi?ed as a useful agent for 
inactivation of pathogens in products to be used in vivo as 
Well. 

TABLE 1 

STEP SCREEN RESULT INTERPRETATION 

I R17 >1 log kill by any potential compound, 
concentration go to step 2 
<1 log kill compound is ineffective 

as an inactivation 

treatment 

II Viral Inactivation >1 log kill by any useful for clinical 
concentration sample 

decontamination 
go to step 3 

<1 log kill compound is ineffective 
as an inactivation 

treatment 

III Ames less mutagenic useful agent for 
than AMT inactivation 

[0085] By folloWing these instructions, a person can deter 
mine Which compounds Would be appropriate for use in 
methods of the present invention. 

[0086] D. Delivery and Removal of Compounds for Inac 
tivation 

[0087] The present invention contemplates several differ 
ent formulations and routes by Which the compounds 
described herein can be delivered in an inactivation method, 
and Where desired, removed. This section is merely illus 
trative, and not intended to limit the invention to any form 
or method of treatment With the compounds. 

[0088] The compounds of the present invention may be 
introduced in an inactivation method in several forms and at 
various times, Which may depend on the purpose for Which 
the blood preparation is decontaminated. The compounds 
may, for example, be introduced as an aqueous solution in 
Water, saline, a synthetic media or a variety of other media. 
The compounds may alternatively be provided as dry for 
mulations, With or Without adjuvants. Further, the com 
pounds may be introduced alone, or in a “cocktail” or 
mixture of several different compounds: In a preferred 
embodiment, a compound having a nucleic acid binding 
ligand and a mustard group is employed at a concentration 
less than 250 pM. 

[0089] The compounds can be mixed directly With the 
blood or blood product or prepared as a solution or suspen 
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sion in a bio-compatible ?uid [such as Adsol (the contents of 
Which are set forth in the Experimental section, beloW) or an 
organic solvent (e.g. dimethyl sulfoxide (DMSO), ethanol, 
glycerin, polyethylene glycol (PEG) or polypropylene gly 
col)] and then mixed With the blood. The neW compounds 
may also be provided at different points in the inactivation 
process. For example, the compound may be introduced to 
the reaction vessel, such as a blood bag, at the point of 
manufacture. Alternatively, the compound may be added to 
the material to be steriliZed after the material has been 
placed in the reaction vessel. 

[0090] 1. Decontamination of Clinical Samples 

[0091] A clinical sample is de?ned as any material 
removed from mammals for clinical testing, including, but 
not limited to blood and blood components, urine, sputum, 
feces, bone marroW, and spinal ?uid. A serum analyte is 
de?ned here as a component found in clinical samples Which 
is measured in clinical chemistry tests. Examples of serum 
analytes include, but are not limited to: glucose, blood urea 
nitrogen, creatinine, blood urea nitrogen/creatinine ratio, 
sodium, potassium, chloride, magnesium, calcium, phos 
phorous inorganic, total protein, albumin, total globulin, 
albumin/globulin ratio, billirubin, alkaline phosphatase, lac 
tate dehydrogenase, glutamate transferase, aspartate tran 
saminase, alanine aminotransferase, uric acid, iron, triglyc 
erides, and cholesterol. 

[0092] In the decontamination of clinical samples, the goal 
is to decontaminate the sample so that infectious agents 
cannot be transferred to clinical laboratory Workers. Because 
the samples Will not be transfused into a recipient, there is 
less concern that residual compound be removed from the 
sample. Thus scrubbing techniques may not be desired. The 
present invention contemplates that the compound may be in 
the clinical sample test tube prior to draWing the sample 
from the patient, or it may be added after draWing. Once the 
compound has contacted the sample, the sample preferably 
is thoroughly mixed, then incubated. The sample may then 
be screened in the desired panel of clinical chemistry tests 
Without concern for spreading infectious diseases. 

[0093] 2. Decontamination of Blood Products for Trans 
fusion 

[0094] The compound for decontamination may be intro 
duced to the Whole blood prior to fractionating, by adding to 
the blood bag before or after blood is draWn. Alternatively, 
the compound may be added after fractionation of the blood, 
decontaminating the individual fractions. 

[0095] In products for transfusion, in some cases it may be 
desirable to remove residual compound or chemical prod 
ucts of the reaction after treatment of the product but prior 
to transfusion. The present invention contemplates the 
removal, or “scrub” of the compound from the blood product 
post illumination and prior to transfusion. In one embodi 
ment, any residual compound or chemical product may be 
removed using an adsorbent material. Examples of adsor 
bent materials Which may be used in the present invention 
include, but are not limited to: activated charcoal (either 
uncoated or coated With a polymer), silica, reverse phase 
silica, polymeric adsorbents, and modi?ed polymeric adsor 
bents. The present invention contemplates several Ways for 
the introduction of the adsorbent material to the blood 
products for transfusion. The adsorbent may be mixed 
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directly With the blood products and subsequently ?ltered 
out. Alternatively, the blood products could be passed 
through a ?lter containing the adsorbent material. 

[0096] 3. Decontamination of Vaccines and Other Biologi 
cal Compositions 

[0097] Vaccines and other biological compositions Which 
are not derived from blood, such as recombinant DNA 
produced proteins and oligopeptide ligands, may also be 
decontaminated using methods of the present invention. 
Recombinant DNA produced proteins often are manufac 
tured in large quantities in host organisms. Introduction of 
the decontamination compound may occur prior to ampli 
?cation, so that as the host organisms groW, the compound 
is incorporated into the organism. Alternatively, the com 
pound may be added after manufacture, but before the 
product is introduced into a mammal. 

[0098] Removal of the compound before use may be 
desired here as Well as With blood products for transfusion. 
Those methods mentioned above apply equally Well in the 
case of vaccines and other biological compositions. 

[0099] V. Preservation of Biochemical Properties of 
Treated Material 

[0100] When treating blood products to be used in vivo, 
one must ask Whether the process or the compounds used 
alter the in vivo activity of the treated material. For example, 
red blood cell transfusion is a Well established efficacious 
treatment for patients suffering large blood loss. HoWever, if 
the inactivation treatment used greatly reduces the in vivo 
life of the red blood cells, then the treatment has no practical 
value. The compounds of the present invention are useful in 
inactivation procedures because the reaction can be carried 
out at temperatures compatible With retaining biochemical 
properties of blood and blood products. But not all methods 
of pathogen inactivation Will inactivate Without signi?cantly 
loWering the biological activity of the decontaminated mate 
rial. Previously knoWn compounds and protocols for inac 
tivation have necessitated both exposure to light and the 
subsequent removal of molecular oxygen from the reaction 
before and during the exposure, to prevent damage to blood 
products from oxygen radicals produced during irradiation. 
See L. Lin et al., Blood 741517 (1989); US. Pat. No. 
4,727,027, to Wiesehahn. The present invention may be used 
to decontaminate blood products Without light, and in the 
presence of oxygen, Without destroying the activity for 
Which the products are prepared. Further, With methods of 
the present invention, there is no need to reduce the con 
centration of molecular oxygen. 

[0101] The present invention contemplates that in vivo 
activity of a blood product is not destroyed or signi?cantly 
loWered if the blood product Which is decontaminated by 
methods of the present invention tests as Would a normally 
functioning blood product blood product in knoWn assays 
for function of the particular blood product. The activity of 
a clinical sample is not destroyed or signi?cantly loWered if 
the clinical sample Which is decontaminated by methods of 
the present invention tests as Would an untreated sample in 
common clinical chemistry tests. In contrast, a blood prod 
uct or clinical sample is considered to have incurred “sig 
ni?cant damage” When the blood product no longer func 
tions for the purpose it Was prepared. For example, Where 
red blood cells are concerned, in vivo activity is not 
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destroyed or signi?cantly loWered if AMP levels, IgG bind 
ing, and extracellular potassium levels of the red blood cells 
are substantially the same in red blood cells treated by the 
methods of the present invention and stored 9 days as they 
are in untreated samples stored for 9 days. Similarly, a 
clinical sample has not suffered signi?cant damage if a 
treated sample tests substantially the same as an untreated 
sample in one or more common clinical chemistry tests. 
“Substantially the same” means that the values of the treated 
samples do not exhibit change Which is more than 10% 
larger than change in values exhibited in a non treated 
control. In the case of red blood cells, this comparison is 
made after a 9 day storage folloWing treatment. 

[0102] VI. Preparation of Vaccines 

[0103] The preparation of viral vaccines is also contem 
plated by methods of the present invention. The present 
invention contemplates producing vaccines to a Wide variety 
of viruses, including human viruses and animal viruses, such 
as canine, feline, bovine, porcine, equine and ovine viruses. 
The contemplated method is suitable for inactivating double 
stranded DNA viruses, single stranded DNAviruses, double 
stranded RNA viruses and single-stranded RNA viruses, 
including both enveloped and non-enveloped viruses. A 
contemplated method for producing a vaccine for inocula 
tion of a mammalian host susceptible to infection by a virus 
comprises groWing culture of virus, isolated from an 
infected host, in a suitable mammalian cell culture, exposing 
at least one of the seed viruses to a compound having a 
nucleic acid binding ligand and a mustard group for a time 
suf?cient to inactivate the virus to a non-infectious degree, 
under conditions Which substantially preserve the antigenic 
characteristics of the inactivated viral particles, and com 
bining said inactivated virus With a suitable adjuvant. 

[0104] The inactivated virus may be formulated in a 
variety of Ways for use as a vaccine. The concentration of the 
virus Will generally be from about 106 to 109 plaque forming 
units (pfu)/ml, as determined prior to inactivation, With a 
total dosage of at least 105 plaque forming units per dose 
(pfu/dose), usually at least 106 pfu/dose, preferably at least 
107 pfu/dose. The total dosage Will usually be at or near 
about 109 pfu/dose, more usually being about 108 pfu/dose. 
The vaccine may include cells or may be cell-free. It may be 
an inert physiologically acceptable medium, such as ioniZed 
Water, phosphate-buffered saline, saline, or the like, or may 
be administered in combination With a physiologically 
acceptable immunologic adjuvant, including but not limited 
to mineral oils, vegetable oils, mineral salts, and immuno 
potentiators, such as muramyl dipeptide. The vaccine may 
be administered subcutaneously, intramuscularly, intraperi 
toneally, orally, or nasally. Usually, a speci?c dosage at a 
speci?c site Will range from about 0.1 ml to 4 ml, Where the 
total dosage Will range from about 0.5 ml to 8 ml. The 
number of injections and their temporal spacing may be 
highly variable, but usually 1 to 3 injections at 1, 2 or 3 Week 
intervals are effective. 

EXPERIMENTAL 

[0105] The folloWing examples serve to illustrate certain 
preferred embodiments and aspects of the present invention 
and are not to be construed as limiting the scope thereof. 

[0106] In the experimental disclosure Which folloWs, the 
folloWing abbreviations apply: eq (equivalents); M (Molar); 
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pM (micromolar); N (Normal); mol (moles); mmol (milli 
moles); pmol (micromoles); nmol (nanomoles); gm (grams); 
mg (milligrams); pg (micrograms); L (liters); ml (millili 
ters); pl (microliters); cm (centimeters); mm (millimeters); 
pm (micrometers); nm (nanometers); ° C. (degrees Centi 
grade); HPLC (High Pressure Liquid Chromatography); Q 
(quinacrine); QM (quinacrine mustard); DMSO (dimethyl 
sulfoxide); Htc (hematocrit); RBC (red blood cell); LB 
(Luria Broth); N-acetyl-cysteine (NAC); BUN (blood urea 
nitrogen); Creat. (creatinine); phos acid (phosphoric acid); 
alk (alkaline phosphatase); ALT (Alanine Aminotrans 
ferase); AST (Aspartate Transaminase); LDH (lactate dehy 
drogenase); GGT (Glutamate Transferase); cfu (culture 
forming units); pfu (plaque forming units); DMEM (Del 
becco’s modi?ed eagles medium); FBS (fetal bovine 
serum); PRBC (packed red blood cells); PCR (polymerase 
chain reaction); rpm (revolutions per minute); TC (tissue 
culture); NHSP (normal human serum pool); LSM (lympho 
cyte separation medium); NCS (neWborn Calf Serum); PBS 
(phosphate buffered saline). 
[0107] While it is available commercially from Baxter 
Heathcare Corp, Deer?eld, Ill., Adsol used in the folloWing 
experiments Was made by sterile ?ltering the folloWing 
mixture: 22 g glucose, 9 g NaCl, 7.5 g mannitol, and 0.27 g 
adenine in 1 liter of distilled H20. 

[0108] The polymerase chain reaction (PCR) is used in 
some of the examples beloW. PCR is a method for increasing 
the concentration of a segment of a target sequence in a 
mixture of genomic DNA Without cloning or puri?cation. 
See K. B. Mullis et al., US. Pat. Nos. 4,683,195 and 
4,683,202, hereby incorporated by reference. This process 
for amplifying the target sequence consists of introducing a 
large excess of tWo oligonucleotide primers to the DNA 
mixture containing the desired target sequence, folloWed by 
a precise sequence of thermal cycling in the presence of a 
DNA polymerase. The tWo primers are complementary to 
their respective strands of the double stranded target 
sequence. To effect ampli?cation, the mixture is denatured 
and the primers then are annealed to their complementary 
sequences Within the target molecule. FolloWing annealing, 
the primers are extended With a polymerase so as to form a 
neW pair of complementary strands. The steps of denatur 
ation, primer annealing, and polymerase extension can be 
repeated many times (ie denaturation, annealing and exten 
sion constitute one “cycle;” there can be numerous “cycles”) 
to obtain a high concentration of an ampli?ed segment of the 
desired target sequence. The length of the ampli?ed segment 
of the desired target sequence is determined by the relative 
positions of the primers With respect to each other, and 
therefore, this length is a controllable parameter. By virtue 
of the repeating aspect of the process, the method is referred 
to by the inventors as the “polymerase chain reaction”. 

Example 1 
[0109] This example measures the R17 inactivation activ 
ity of quinicrine mustard (QM) solutions made in either 
Adsol or DMSO. The bacteriophage R17 has a single 
stranded RNA genome of approximately 1.2><106 daltons, 
and is dif?cult to inactivate compared to many other targets. 
See generally L. Lin et al., Blood 74:517 (1989). The 
advantage of the R17 system is that inactivation can be 
readily assayed in the laboratory. 
[0110] The assay used to determine inactivation measures 
the ability of the phage to subsequently infect bacteria and 
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inhibit their groWth. The phage Was groWn up in Hrf 3000 
bacteria. (R17 and Hrf 3000 Were obtained from American 
Tissue Culture Collection (ATCC), Washington, DC). First, 
the R17 stock virus Was diluted (10.9 logs/ml in LB broth) 
1:20 in Adsol (R17-Adsol). Then a 30% hematocrit (Htc) red 
blood cell concentrate in R17-Adsol mixture Was prepared 
by spinning doWn red blood cells (RBC) from Whole blood 
and resuspending 3.5 ml RBC pellet in 7.0 ml R17-Adsol. In 
this, and the folloWing experiments, Htc Was measured on a 
Model F800 Sysmex cell counter (Toa Medical Electronics, 
Kobe, Japan). Ten 1 ml aliquots of the samples Were then 
transferred to sterile tubes. 

[0111] Approximately 2 mg of QM, commercially avail 
able from Aldrich, Inc., Milwaukee, Wis., Was Weighed out 
into each of tWo tubes. Samples Were then dissolved in 
DMSO or Adsol, respectively, to a ?nal concentration of 0.4 
mg/ml. QM in Adsol is a suspension, not a solution, at this 
concentration. 

[0112] Next, the QM suspension Was added to the R17 
Adsol samples to achieve the folloWing ?nal concentrations 
of QM in the sample tubes: 2.5, 5.0, 10, or 20 pig/ml. The 
QM Was completely solubiliZed at these concentrations. 
Positive control samples Were also prepared, Where 50 pl of 
either Adsol or DMSO Was added to R17-Adsol samples. 
The samples Were alloWed to stand at room temperature for 
at least 1 hour. Then the samples Were titered by an R17 
phage assay. Sterile 13 ml dilution tubes Were prepared With 
LB broth. To make the dilutions, a 0.1 ml aliquot of the 
solution of phage Was added to the ?rst dilution tube of 0.4 
ml of media. Then 0.02 ml of this solution Was added to the 
second tube of 0.5 ml media (1:25). The second solution Was 
then diluted serially (1:25) into the remaining tubes. To each 
diluted sample Was added 0.05 ml of Hrf 3000 bacteria 
cultured overnight and 3 ml of molten LB top agar. The 
mixed materials Were poured onto LB broth plates. After the 
top agar hardened, the plates Were incubated at 37° C. 
overnight. Plaques Were counted the folloWing morning and 
the titer of the phage remaining after treatment Was calcu 
lated based on the dilution factors. 

[0113] The results are shoWn in Table 2, beloW, and FIG. 
1. It is clear from the data that even at concentrations as loW 
at 2.5 pig/ml QM is effective in inactivating R17. At con 
centrations above 10 pig/ml, complete inactivation is 
achieved, to the limit of detection of this assay. 

TABLE 2 

Sample # (QM) (‘ug/ml) Solvent Log Titer 

1 0 Adsol 9.8 
2 0 DMSO 9.8 
3 2.5 Adsol 3.25 
4 5 Adsol 3.55 
5 10 Adsol 1.0 
6 20 Adsol 1.3 
7 2.5 DMSO 5.2 
8 5 DMSO 2.3 
9 10 DMSO 2.4 

10 20 DMSO 1.0 

Example 2 

[0114] The purpose of this example is to shoW that the 
presence of RBC does not signi?cantly effect R17 inactiva 










































