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groups. 
Conclusion. 1 .  These studies indi'cate that 

acrolein combines directly with some portion 
of the protein molecule to produce a conjugate 
that can be employed in! the specific detection 
of acrolein by qualitative immunochemical 
methods. 

2.  The basic molecular pattern of human 
and rabbit serum protein is not changed 
when combined with acmlein at 37°C fojr 4 
dfays. The additlion uf molecules of acrolein, 
however, dloes change the configuration of the 
protein molecule withorut Ioss of species 
rcharactderistics. This is shown by the failure 
to form antibodies when rabbits are injected 
with acroleinized rabbit serum, and also by 
the response of the rabbits injected with acro- 
leinlizcd human serum by producing antibodies 
that reacted not only against acroleinized 

human serum but normal human serum as 
well. These changes in the molecular config- 
uration were specific for acrolein regardless 
of the basic molecular pattern used, as evi- 
denced by cross reactions of antiacroleinized 
human serum with acroleinized serum of 
other species. 

3.  Foreign protein conjugates of acrolein are 
necessary to produce circulating antibodies 
h t  can be detaoted in a test tube. 

'Studies are now in progress on the detec- 
ition od acrolein in the b l d  and tissues of 
individuals who have suffered burns. 
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cooperation of Dr. Alexander S. Wiener and his 
laboratory personnel. 
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Experimental serum hypersensitiveness has 
been studied inkenisively because it may serve 
as a useful model in promoting understanding 
of certain diffuse vascular diseases appearing 
in man. The earlier investigations of experi- 
mentlal hypersensitiveness were concerned 
pri%marily with rnorphologic characteristics of 
the lesions and their similarity to those of 
the human' diseases. More recent investiga- 
itions, concerned with pathogenesis, have dealt 
with the relationship of immunologic and vas- 
cular Cchanges.l4 The information obtained 
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has led to  the general conclusion that the 
development of humoral antitbody and cutan- 
eous hypersemitiveness is apparently related 
to the development of the vascular Ie~ions. 
The role of immunological factors has been 
further investigated by determining the inci- 
dence of vascular lesions in serum-injected 
animals Itrea>ted with drugs which may 1 )  
prevent anttigen-\antibody combination or the 
vascular response to such combination or 
2 )  inbibit antibody formation. Salicylates 
and dicumarol inhilbit an tigen-antibody com- 
bintation in ~ i t r o ~ ~ ~  but as yet 'there is no 
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evidence that this effect occurs in vivo. That 
salicylates suppress tthle vascular lesions of 
serum hypersensitiveness has been re- 
p ~ r t e d ; ~ ? ~ ? ~  the mechanism of this action has 
not been clarified. Since some of the cellular 
responses to antigen-antibody combination 
may be related to histamine release, antihista- 
mink drugs have been used in attempts to 
suppress the lesions of experimental serum 
hypersensitiveness. Whil'e such an effect has 
been r e p ~ r t e d , ~ ? ~  our own efforts to prevent the 
vascular lesions with benadryl and neohetra- 
mine have been unsuccessful.1° 

Experiments designed to suppress anti- 
body formation were undtertaken in an at- 
tempt to establish the pathogenetic importance 
of antibody. Recent evidence of the impor- 
tance of the lymphatic system in production of 
antibody suggested the use of lymphocyto- 
toxic agents for this purpose, particularly 
sirice Hektoen and Corperll had inhibited 
antibody formation with sulfur mustards and 
recent experimental stud1iesf2J3 have demon- 
strated similar effects by the nitrogen mus- 
tards. Furthermore, nitrogen mustard has 
been found capable of reducing immunity in 
chicken malaria.l-' 

In the present study we have foun'd that the 
nitrogen mustard? bis bet achloroe thy1 am ine 
(HhT2) suppresses antibody formation, the 
development of cutaneous hyperseasitiveness, 
and the inlcidence and severity of vascular le- 
sions in rabbits receiving one intravenous inr- 
jection of 10 ml of horse serum per kg. The 
results obtained suggest that the appearance 
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of vascular lesions bears a direct quantitative 
relationship to the antibody response of the 
experimental a'nimal. 

Experinzentat. Twenty rabbits were studied 
in this investigation. Ten rabbits were treated 
wiltlh HN2 and received intravenous serums, 
while an additioml 101 rabbits were given 
serum alone. 

Inltravenous injections of 0.5 mg of HN&g 
were made at  3-4 day inltlervals for 3 doses 
prior to intravenous injectison of horse serum. 
Four additional injections at  the sa<me inter- 
vals during the subsequent 2 wleek period 
preceded sacrifice. Leucocytes were enurnrated 
before administration of mustards, after the 
5th injection (1 week after serum) and upon 
completion of the experiment. Qualitative 
serologic tests were performed by a tube pre- 
cipitation procedure while quantitative anti- 
body nitrogen ( N )  determinations were made 
colorimetrically by ,the technic of Heidlelberg- 
er and MacPhersoa.15 Skin tests, using 5 
dilutions of horse serum, were graded accord- 
ing to the presence of hemorrhage and the 
area of edema d erythema observed 24 and 
48 hours after intradermal injection of 01.2 nil. 

Ten animals were observed in each of 2 
experiments. I n  the first experiment antigen 
persisted in the circulation! for the duration of 
observation 'in all but one of thle animals. 
'The antibody response is graphically repre- 
sented in Fig. 1, in which 'the upper 5 curves 
represent antibody titers of serum controls 
while the lower 5 are for the HN2 treated 
group. It is quite evident that antibody was 
delayed in appearance and much reduced in 
amount in the H1N2 treated p u p .  This find- 
i'ng is even more evident in the quantitative 
studies of the -terminal sera of all animals as 
indicated in Fig. 2. 

The figures on each curve represent the 
rabbit number and, in parentheses, the calcu- 
lated total antibody N content per ml of 
undiluted serum. Curves fur the HN2 treat- 
ed group rare flat land the total antibody N 
content does not exceed .036 rng per ml, while 
the content of the controls varies from a 
minimum of .060 to ,152 rng per ml. 

15Heidelberger, M., and MaePherson, C. F. C., 
Science, 1943, 97, 405; SS, 63. 
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FIG. 1. 
Experiment I (see text). 
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Experiment I (see text). 
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TABLE T. 
Eup .  I. Efftlct of HK2 on Response to I.V. Horse Serum. 

Rabbit -\ntil)od\- t ,,-----, <------ I Vascular 
TV.R.C. ArthusS 

Group No. S, mg/~ul l3efol.e" After" 1 : 1 6  1 : 5  1:10 1:20 1 :40 lpsions 
-. ____- - - - - - __ __ - _ _  ~ ---- - ---___- 

0 0 
0 0 
0 0 

0 

HN2 87 .013 12,T00 2,700 ++ + + +  
treated 88 .036 9,050 3,200 ++ + + +  

89 .OlCi 10,950 1,8,50 ++ ++ + +  
91 .I) 1.5 9J.50 2,350 +++ ++ + + 0 0 
9 0 .02Y 10.200 1,400 ++++ +++ +++ 4-3- ++ 

Cotltrfil i 8  .(I.% 
81 .I.?+ 
83 .08 
85 .06 
86 .14+ 

++++ ++++ +++ +++ ++ 0 ++++ ++++ +++ +++ +++ + 
++++ ++++ ++ ++ + ++++ ++++ ++ ++ ++ + 
++++ ++++ +++ +++ $ + 

* Completion of HN, Rx. 
t Terminal serum. 

Table I summarizes the significant findings 
of Experiment I. The quantities of antibody 
N again illustrate 'the suppressive effect of 
HlN2 therapy. A significant leucopenlia (of 
both granulocytes and lymphocytes) develop- 
ed in all HK2 treated animals. I n  general, 
Arthus reactions in the HN2 treated group 
were lsess intense than those in the control 
group and bherefore paralleled the antibody 
levels. Skin reaotivity did not, however, cor- 
relate perfectly with antibody level as indi- 
cated by rabbit No. 90, which with 0.029 mg 
antibody N/ml yielded reactions equal in 
intensity to No. 86 with .14 mg/ml. Xone of 
the HN2 treated rabbits developed vascular 
lesions while art(eria1 and /or endocardia1 Ie- 
sions of characteristic type were encountered 
in 4 of the 5 serum control animals. The type 
of arterial lesion observed is illustrated in 
Fig. 3.  

The results of the quantitative antibody de- 
terminations on the terminal sera of Experi- 
ment I1 are summarized in Table I1 and Fig. 4. 
Three of the HNZ treated group failed to 
develop any antibody despite the fact that 
antibody N production by ,the controls was 
considerably greater than in1 thse first experi- 
ment. One of the 2 remining HX2 treated 
rabbits ( 5 )  in this experiment, however, pro- 
duced amounts of antibody greater than 4 
of the 5 controls and the other (11-4) more 
than tbat produced by HK2 treated rabbits 
of the first experiment. -Among the HN2 
Itreabed rabbits, 3 and M-1, which had de- 
veloped evident leucopenia under treatment, 

$ 13-14 days after serum. 
Dilution of horse serum injected intradermally. 

developed no an ti body, yielded completely 
negative Arthus reactions and failed to develop 
vascular lesions. Rabbit M-5 which died 8 
days after serum injection d'eveloped evident 
vascular lesions, for which we have no satis- 
factory explanation. Rabbits 5 and M-4 
showed lesser degrees of leucopenia and de- 
veloped considerably more antibody than' was 
common to the HN2 $treated groups; they 
also exhibited evident positive Arthus reac- 

FIG. 3. 
A myocardial artery (from a serum control ani- 

mal) exhibiting marked acute panarteritis, and 
well-defined medial necrosis. 
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Experiment, I J  (see text). 
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tions and slight vascular lesions. I t  was our 
impression that these rabbits, reacting almost 
exactly as untreated rabbits, hlad been rela- 
tively unrespomive to HN2. 

Control rabbits in this experiment exhibited 
a fairly wide variation in total antibody N 
and no evidence of leucopenia at the com- 
pletion of *the experimlent. The severity of the 
vascular lesions developed by 4 of the controls 
was directly correlated with antibody level, 
the mildest lesions occurring in rabbit C-5 and 
(the most severe in 'C-3. The correlation be- 
tween the intensity of Ithe Arthus reactions 
and the bevel of antibody was again imperfect, 
there being considerable variability in skin 
responsiveness . 

In general, the 2 experiments reved that the 
intensity of the vascular lesions correlated 
fairly dlirectly wilth the levels of antibody N 
in the tlerrminal serum samples, whether the 
animals had been treated with HN2 or not. 

The dividing line between the appearance 

of vascular lesions and their absence is at 
approximately .06 mg anltibody N/ml. ,411 
rabbits with greaker amounts, of antibody 
developed vascular lesiions, including one HNa 
treated rabbit ( 5 )  of experiment 11. All ani- 
mals with less than .05 mg antibody X/ml 
failed to develop vascular lesions, with the ex- 
ception of 'the one to which reference has al- 
ready been made (M-5). 

Discussio7z. The vascular lesions of experi- 
mental serum hypersensitiveness occur in 
anilmlalms treated in a malntner known to induce 
the anaphylactic and Arthus type of hyper- 
sensitiveness. The importance of an tibody in 
the latter 2 hypersensitive states has been re- 
peatedly demonstratedl6-l9 and it would, 
therefore, seem logical to conclude a priori 

IGOpie, E. L., J .  Immunol., 1924, 0: 231. 
17 blbertscm, J. T., J .  ImmlunoZ., 1935, 29, 29. 
18 Cannon, P. R., and Marshall, C. E., J .  I m -  

19 Kabat, E. A., Am. J .  Ned., 1947, 3, 535. 
TWU~QZ. ,  1941, 40, 127. 
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TABLE 11. 
Esp. 11. Effect of HK2 on Response t o  I.TT. Horse Serum. 

Rabbit Antibody --, ,, - Vascular 
TT'.B.C. Arthus 

Group No. N, mg/inl Bcfore After 1:s 1 : l O  1:20 1:eO 1:80 lesions 
-.. ______I__ ~ _ _ _ _ _ _ . ~ _ _ ~ ~ _ _ -  

HN2 M-1 0 5,600 1,200 0 0 0 0 0 0 

0 11,500 2,400 0 0 0 
3 .37+ 9,000 4,500 ++ ++ +* +-I + & 

11-3- 0 9,300 2,900 S o t  done + 
Control c-1 .05 - 6,650 ++ ++ f +- 0 0 

c-2 .15 - 6,700 4-4- ++ +* 0 0 -t 
5,750 ++++ ++++ +++ +++ + + c- 3 2 7 6  - 

10,000 +++ ++ ++ +& + + c-4 .xi+ - 
c - 5  .086 - 6,400 ++ + + T  0 f 

2 
0 9 

treated 34-4 .0.54 11,950 3,600 +++ +++ +0+ ; T 

_____ _ _ ~ ~  __ ~______________ 
* Died 8 days after serum 1.1'. 

that thbe development of vascular lesions by the 
serum-injected rabbit would also be related 
to the development of antibody. Neverthelless, 
several previous studies are not in agreement 
with [this c o n c l ~ s i o n . ~ ~ ~  
In the present experiments, the nitrogen 

mustard, bis beta-chloroethyl amine induced 
leucopenia and a parallel suppression of both 
antibody formation and vascular lesions. 
While suggestive, (these studies, holwever, are 
not interpreted as establishing the role of anti- 
protein antibody in the pathogenesis of the 
experimental vascular lesions. The nitrogen 
mustlards lare powerful inhibitors of a num- 
ber of enzyme systems and of a variety of 
tissue metabolic functions; some of the sys- 
tems affected may possibly play a role in the 
pathogenesis of the vascular lesions, inde- 
pendent of the antibody present. I t  would be 
desirable, in defining the role of antibody, to 

reproduce the lesions by passive transfer 
methods, to study the effects of x-rays, and 
to extend the present observations to include 
larger groups of lanimds before attempting 
(to formulate recQmmendations regarding man- 
agement of related human diseases. 

Summary. Periodic intravenous injections of 
the nitrogen mustard, bis beta-chloroethyl 
amine, suppressed both antibody formatioln 
and the develcpmenlt of vascular lesions in 
rabbits injected intravenously with a massive 
dose of horse serum. The incidence of ms- 
cular lesions was directly correlated with the 
amount of antibody produced, since all aab- 
bits with terminal amounts of antibody in 
excess of 0.06 mg nitrogen per ml exhibited 
vaxul~ar lesions. Cutamus hypersensitive- 
ness failed 'to develop in rabbits which did not 
produce detectable amounts of antlibody. 

~ 
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