
310 r\; ~ I U S T A R D  ON VIRUS SERUM HEPATITIS IN WHOLE BLOOD 

Biochern., 1949, v 2 0 ,  75. 
2 .  Guirard, B. M., h e l l ,  E.  E., and Williams, R. J., 

Arch. Biochem., 1946, v9, 381. 
3. O'Kane, D. J., and Gunsalus, I. C., J .  Bact., 

1948, v56, 199. 
4. Reed, L. J., DeBusk, B. G., Johnston, P. M., 

and Getzendaner, M. E., J .  Biol. Chem., 1951, v192, 
859. 

5. Gunsalus, I. C., Struglia, L., and O'Kane, D. J., 
J .  Biol. Chem., 1952, v194, 859. 

6. Reed, L. J., DeBusk, B. G., Gunsalus, I. C., and 
Hornberger, C. S., Science, 1951, v114, 93. 

7. Seaman, G. R., PROC. SOC. EXP. BIOL. AKD MED., 

1952, v79, 158. 
8. Slater, J. V., Science, 1952, v115, 376. 
9. Kidder, G. W., and  Dewey, V. C., in Lwoff, 

A., Biochemistry and Physiology of Protozoa, Kew 
York, 1951. 

10. Sanadi, D. R., and  Littlefield, J. W., J .  Biol. 
Chem., 1951, v193, 683. 

11. Lipmann, F., and Tuttle, C., J .  Biol. Chem., 
1945, 17159, 21. 

1 2 .  Korkes, S., del Campillo, A., Gunsalus, I. C., 
and Ochoa, S., J .  Biol. Chem., 1951, v193, 721. 

Received May 5 ,  1952. P.S.E.B.M., 1952, v80. 

Effect of Nitrogen Mustard on Virus of Serum Hepatitis in Whole Blood.* 
(19607) 

MILES E. DRAKE, BETTYLEE HAMPIL, ROBERT B. PENNELL, JOHN SPIZIZEN, WERNER 
HENLE, AND JOSEPH STOKES, JR. 

Front The Children's Hospital of Philadelphia; the Division of Virology, Department of Public 
Health arid Pwvent iw MPdicine, School of Medicine, University of Pennsylvania, Philadelphia; 

and Sharp and Dohme, West  Point, Pa. 

The increasing use of blood and blood 
products in civilian and military medicine has 
brought to the fore, as one of the most urgent 
problems, the control of serum hepatitis (SH). 
The natural history of this virus diseas: is 
still 'obscure. but it has been definitely estab- 
lished that a carrier state may exist in indi- 
viduals without a known history of jaundice 
and that such persons may harbor the virus 
in their blood in the absence of abnormal liver 
function tests ( 1). This situation obviously 
prevents the proper selecti'on of safe cionors. 
I t  is essential. therefore, to devise rnethds to 
sterilize blood and blood products. As far as 
plasma and sera are concerned an effective 
method appears to be a t  hand. Ultraviolet 
irradiation of these products has decreased the 
subsequent incidence of SH although the full 
estent of its efficacy has not as yet been criti- 
cally evaluated. On the other hand, steriliza- 
tion of whole blood has not been accomplished 
at  present. In  view of the relatively high 
incidence of the disease following transfusions 
_ _  ~ ~ _-_ --_---__-___--- 

* This investigation was conducted under the 
sponsorship of the Commission on Liver Disease, 
Armed Forces Epidemiological Board, Office of Sur- 
geon General, U. S. Army. 

the need for a satisfactory method of inactiv- 
ating SH virus in whole blood is most urgent. 
The experience gained with nitrogen and sul- 
fur mustards in the inactivation of various 
viruses seemed to offer an approach to this 
problem. I t  was first noted by Bawden and 
Pirie that mustards abolished the infectivity 
)of certain plant viruses, the agents causing 
tobacco m'osaic and bushy stunt disease, as 
cited by Gilman and Phillips(2). Later i t  
was reported that sulfur mustard inactivated 
the viruses of rabies, Eastern equine enceph- 
alomyelitis, and hog cholera (3) ,  and that both 
sulfur and nitrogen mustards rendered in- 
fluenza virus non-infective( 4). Herriott( 5 )  
studied the rates \of inactivation of 6 animal, 
one plant, and 2 bacterial viruses by mustard 
gas and noted that those containing desoxy- 
ribose nucleic acid were more rapidly affected 
than the viruses containing ribose nucleic acid. 
Hartman et al. (6,7) demonstrated that the 
nitrogen mustard salt (methyl-bis- (beta- 
chlforo-ethyl) amine hydrochloride) was an 
effective virucidal and bactericidal agent 
when added to plasma or whole blood in a 
concentration of 500 mg per liter. Plasma or 
blood thus treated, and sulbsequently neutral- 
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ized with sodium thiosulfate, revealed only 
minimal toxicity for dogs and human beings. 
Studies on thle components of blood indicated 
that the treatment induced some chemical 
changes which, however, in the opinion of 
these investigators, were not sufficiently 
severe to render the plasma or bliood unsuit- 
able for intravenous administration (8,lO). 
Later i t  was noted that, under certain condi- 
ti’ons, a toxic “protein-imine” (presumably 
formed by coupling of the dissociated chemical 
compound with plasma proteins) produced 
leuclopenia in young mice when injected in 
large quantities(9). As a result, conditions 
of treatment to minimize this hazard have 
been recommended. The clinical use of nitro- 
gen mustard-treated plasma has been reported 
by McClure et  al. (10). No unfavorable re- * 

actions nor hematologic changes in adults or 
older children were observed among 400 pa- 
tients given approximately 975 transfusions. 
It was reported that leucopenia developed in 
very young children transfused with the ma- 
terial but that these cases occurred prior to 
the recognition of the possibility of bhe for- 
mation of the toxic “protein-imine.” 

Hampil et al. ( 1 1 ) , using a technic suggested 
by Mangun( 12) for the sterilizatiion of whole 
bloodt found that a concentration of 0.5 rng 
nitrogen mustard per ml of whole blood arti- 
ficially contaminated with high-titered West- 
ern lor Eastern equine encephalomyelitis virus 
did not completely inactivate either virus. 
However, in view lof its imnactivating effect on 
other viruses studied (under these conditions of 
exposure, this chemical appeared to offer a 
possibility of success for the inactivation of 
SH virus. Furthermore, relatively slight 
chemical changes [occurred in the various com- 
ponents lof whole blood under these circum- 
stances( 11). 

In  hhe present investigation an attempt was 
made, therefore, to sterilize whole blood ob- 
tained in the pre-icteric stage from Volunteers 
infected with SH virus, by treatment with 
nitrogen mustard prior to intravenous injec- 
tion into another group of volunteers. Under 

t This technic, designed to suppress the formation 
of toxic substances, was identical with that employed 
in experiments on application of the compound t o  
the SH blood described in this paper. 

the conditions of the experiment active virus 
remained after the treatment. 

Methods and materials. Virus. The SH 
virus used was obtained olriginally from a 
plasma pool collected at  Fort Bragg. The 
virus had undergone 2 passages in volunteers. 
Sera of individual patients of the second 
gnoup, drawn between the 40th post-inocula- 
tion day and up to the dates of first develop- 
ment of positive liver function tests, were 
pooled and several such pools were oombined 
)and used, after appropriate sterility and safety 
tests, fotr infectiton of the bllood donors needed 
for the present experiment. The volunteers 
included in the present study were healthy, 
young males between the ages of 21  and 33 
years. Each man had a physical examination, 
liver function tests, complebe Mood count, and 
urine analysis prior to acceptance for the ex- 
perimental study. Following inoculation, they 
were seen daily by a physician or a nurse. 
From the 40th post-inoculation day until dis- 
charged from the project, urine analyses were 
performed daily and liver function tests once 
or twice weekly. The tests have been de- 
scribed previously( 13). T h e  preparation and 
treatment of icterogenic whole blood. Two 
ml of pooled pre-icteric serum were injected 
intramuscularly into each of 12 volunteers. 
Only one of these failed to show any signs of 
illness, 3 developed hepatitis without jaundice, 
and 8 became jaundiced. The average incu- 
bation periold was 81 days with a range fpom 
68 to 88 days. On the 69th day after inocu- 
latijon, i.e., at the time of the first clinical 
signs, blood was collected from 4 of the volun- 
teers belonging to blood group Type 0, RH 
negative. The bottles which were tlo be used 
for ciollecting the infected bloods were pre- 
pared the day prior to bleeding as follows: 
25 ml of ACD solution pH 4.9 were pipetted 
into each of a series of bleeding bottles. To 
half sf these (labeled “Nitrogen Mustard”) 
0.6 ml olf 2.5 M NaOlH was added to give a 
final pH of 6.2. The alkali was calculated to 
be sufficient to neutralize the acidity of the 
nitrogen mustard hydrochloride to be added 
and to produce a pH of 7 to 7.2 in the presence 
of whole blood. The other half of the bott!er; 
not receiving the alkali were labeled “control”. 
A vacuum was produced in al%l bottles and they 
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TABLE I. Results of Intravenous Injection of Xitrogen Nustard Treated Whole Blood arid 
Non-Treated Blood into 10 Volunteers (Group B) in ’Each Test. 

Treatment Hepatitis with jaundice Hepatitiswithout jaundice S c g  a t ive 
of blood Dilution S O .  % KO. % s o .  :% 

HSZ TTiidiluted 2 10 
So11e 1 10 

” 1-1000 3 3 u 
” 1-1 0 0 0 0 ( ,o 2 2 0  

were autoclaved for 15 minutes, after which 
the pressure was brought down rapidly. -4 
total of 200 ml of blood was drawn from each 
of the donors, 100 ml each into a “control” 
and “nitrogen mustard” bottle, respectively, 
t o  yield a final volume of approximately 125 
ml. The bottles marked “nitrogen mustard” 
were kept inverted, as in bleeding, and, imme- 
diately after drawing of the blood, 6.25 ml of 
a 1% solution of nitrogen mustard was in- 
jected into the bottle through the stopper. 
This ppovided a final concentration of approxi- 
mately 0.5 mg per ml, or 500 mg of HS2 
per liter of blood. The bloods were swirled 
during the addition, thoroughly agitated 
thereafter to insure satisfactory mixing and 
placed in a 37°C waterbath for 5 minutes and 
a t  room temperature for 35 hours, thereafter. 

The solution of H?;? was prepared as fol- 
lows: Weighed amounts of dry nitrogen mus- 
tard were placed into 100 ml vaccine stop- 
pered bottles. Immediately prior to use, 
sterile cold pyrogen-free distilled water was 
injected into the bottle in sufficient amounts 
to make a 1% solution. Two separate bottles 
were used, one containing 280.7 mg of the 
hydrochloride salt to which 28.1 ml of water 
were added and another bottle containing 
337.5 mg of the chemical to which 33.8 ml of 
water were added. The solutions were kept 
in a cold water bath and were used for not 
more than 20 minutes after preparation. 
Hypodermic syringes were used for making 
all transfers. After the 354 hours of incuba- 
tion of the bloo’ds with HN2, 0.6 ml of a solu- 
tion of 1 M sodium thiosulfate was added to 
each bottle. ,After thorough mixing the 
treated and control bloods were pooled sep- 
arately under aseptic conditions. The pools 
were then stored at  4°C for 5 days prior to 
transfusion in an effort to simulate conditions 
of storage that prevail in mlost bl’ood banks. 

Results of intravenous injection of HA-2- 
treated and untreated blood. In  an evalua- 
tion of the virucidal properties of a compound 
the concentration of the infectious agent used 
obviously may influence the results. An at- 
tempt was made therefore to obtain some in- 
formation as to the quantity of virus present 
in the blood but in experiments requiring 
volunteers tibrations are feasible only within 
limits. Cfonsequently, the 40 available volun- 
teers were divided into 4 groups of 10 each. 
To the first group of 10 were given 50 ml of 
[the nitrogen mustard treated preparation in- 
travenously; the second group of 10 received 
intravenously 50 ml of the untreated prep- 
aration, both representing 40 ma of wh’ole 
blood. Groups 3 and 4 received 40 ml of lC3 
and 1 OL6 dilutions of untreated preparation, 
respectively, or 0.04 and 0.00004 ml of whole 
blood. 

The results of this experiment are shown 
in Table I. I t  is seen that the nitrogen mus- 
tard as used was ineffectual in preventing 
serum hepatitis. There were 2 cases of hepa- 
titis with jaundice and 3 withlout jaundice 
resulting from injection of the nitrogen mus- 
tard-treated blood as compared to one case 
with jaundice and 2 without jaundice in the 
control group. In the 2 groups given control 
blood diluted tlo lor3 and 1P6 there were 3 and 
2 cases of hepatitis with jaundice and 4 and 3 
of hepatitis without jaundice, respectively. 
The average incubation period was 78.6 days 
with a range lof 68 tio 84 days. There were no 
toxic effects noted in the 10 ‘men who received 
the nitrogen mustard-treated blood. 

Discussion. On the basis of the inoculation 
of 50 ml of untreated blood diluted to 
and a correction for the dilution factor intro- 
duced by the ,\CD solution 1 ml of the pooled 
bliood contained at  least 25,000 infectious 
doses of SH virus and possibly more, There 
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is no doubt that nitrogen mustard at a con- H1N2 treatment used was similar to those 
centration of 500 mg per liter failed to render 
the blood safe for transfusion. 

In  evaluating this result several possible 
factors must be considered. 1. It may be that 
nitrogen mustard failed to combine with the 
protein of the SH virus and thus failed com- 
pletely bo inactivate. This is not compatible 
with the suggestive results obtained with 
icterogenic plasma treated with nitrogen mus- 
tard(7). 2.  Ilt is not known whether the virus 
may not be harbored within erythrocytes or 
white blood cells. If it is located inside cel- 
lular components (of the blood it is possible 
that the concentration of nitrogen mustard 
within the respective cells was too low and 
thus the virus particles were not inactivated. 
3. I t  is conceivable that bhe nitrogen mustard 
may have inactivated a large proportion of 
the virus particles but there remained enough 
in the active state to induce infectilon in the 
volunteers. As a matter of fact only 1 in lo6 
particles may have escaped inactivation in the 
experiment reported. This interpretation could 
have been verified only by titrating also the 
HN2 treated blood. In  any case, such highly 
infectilous bloods presumably may be drawn 
by chance from blood donors in the late in- 
cubation period (or possibly even from carriers 
of SH virus in the routine collection for blood 
banks. The donors of the infective blood in 
this study were bled 3-9 days prior to the 
onset of jaundice, in the assumption that the 
preicteric stage may represent the time at  
which  maximal titers of virus are obtained in 
the blood. Hfowever, it is nsot known whether 

noted with some other vir'uses, notably the 
agents of Western and Eastern equine en- 
cephalomyeli'tis. These were not completely 
inactivated in artificially contaminated whole 
blood 'by HN2, whereas other viruses became 
non-infective. Thus, i t  would seem that SlH 
virus belongs to the more resistant viruses, 
which would be compatible with other infor- 
mation with regard to its stability. Higher 
concentrations of HN2 and longer explosure of 
SH virus to this chemical might prove to be 
more effective but in that case the danger of 
toxic byproducts of the reactilon and changes 
in the blood constituents may prevent the safe 
use of the blood fo'r trans(fusions. 

1. Nitrogen mustard in a con- 
centration of 580 mg per 1 failed to inactivate 
the Fort Bragg strain of serum hepatitis virus 
in whole blood. 2. Possible reasons for this 
failure are discussed. 3. The virus titer of 
the whole blood used was found to be at  least 
2 5000 infectious units/ml. 
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