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Detection of Agents which Interfere with the Iiiiiiiune Response. (26758) 

HENRY (1. NATHAN, SAML~EL BIEBEK, GEHTKLII)E R .  ELION AX]) GEORGE H. HITCHING 
W P I I C O I ~ I P  Rrsaarch LahoralosiPs, Ricrroirghs II't-llcotiie and Co., Inc. Tuckahoe, N .  Y .  

lnterference with antibody production by 
cytotoxic drugs, notably antagonists of nu- 
cleic acid constituents, has been reported by 
several investigators ( 1-8). Substances 
which exhibit this effect are of interest not 
only for the insight which they may provide 
into the immune process, but also for their 
possible applications to transplantation prob- 
lems(9,lO) and to autoimmune diseases( 11). 

Screening tests for such materials recently 
have been devised by Berenbaum( 5 )  and by 
Sterzl( 12) using antigens of bacterial origin. 
The method to be described herein is based 
on the agglutinin response in mice to admin- 
istered sheep cells, and may therefore be 
regarded as a modification of the procedure 
used by Makinodan for investigation of radi- 
ation effects(l3). As will be shown, the 
modifications which have been made appear 
to be essential for detection of the effects of 
drugs. The method as presently employed 
is simple, economical and capable of provid- 
ing reproducible results. 

Materials and methods. Mice. Specific- 
Pathogen Free (SPF) Swiss Bagg male mice* 
weighing 19-2 1 g were used. 

Antigen. Sterile, washed sheep cellst were 
exposed for 10 minutes at 37°C to! an equal 
volume of 1:1O,OOO tannic acid in buffered 
saline solution8 collected by centrifugation. 

--_____ 
* Darrow Breeding Laboratories. 
t Colorado Serum Co. 
8 Saline (0.85% NaCl) is mixed with zn equal 

volume of buffer (29.9 ml M/lS  KH,PO, + 76.0 ml 
M/15 Na2HP0,). 

washed with buffered saline8 ( 7 )  and resus- 
pended in the same m'edium. 

The initial inoculum of anti- 
gen consisted of 0.25 ml of a 30% suspension 
of cells per mouse, administered intrave- 
nously to groups of 10 mice. In the experi- 
ments reported herein a second dose of 1.0 
1111 of a 15% suspension of cells was admin- 
istered intraperitoneally on the seventh day. 
The effects of this second dase have been 
found to be minimal, and in subsequent work 
it will be omitted. On day 13, the mice were 
decapitated and the pooled blood was allowed 
to clot. The serum was used for determina- 
tion of hemagglutinins. 

Hemagglutination. The hemagglutinin 
titer was determined by serial 2-fold dilution 
essentially by the method of Stavitsky( 14) 
using 0.1 ml of a 1% suspension of tanned 
sheep cells per ml of saline-diluted serum. 
After preparation, the tubes were shaken and 
then allowed to stand for 18 hours a t  5 " .  Ag- 
glutination was then scored 0, 1+ to 4+ de- 
scribed by Stavitsky (14). 

Index. The score for each tube was mul- 
tiplied by the appropriate exponent of the 
2-fold dilution series, i.e., a tube showing a 
4+ agglutination at  a dilution of 26 would 
have a value of 24. These values were then 
summed for each series. The index of drug 
effect was obtained as the ratio of these sums 
for the treated to the untreated control: 

Procedure. 

2 (S, + 28, + 35, +. . . . nS,) T 

z (S, + 28, + 35, +. . . . nS,) C 

where n refers to the exponent of the dilution 

Ailtibody I iitlcx 1 _____. 
(A  .I.) 
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2 4 6 8 1 0 1 2  

FIG. 1. Appearance of circulating antibody after 
administration of antigen. e--. no antigen; 
0-0 antigen on dsy 0 ;  A- - - -A antigen 011 
day 0, mercaptopurine days 0, 1, 2, 3. Index as 

described in text. 

0 AY 

(=tube number in the 2-fold series), S is 
the agglutination score *for the tube and T 
and C refer to treated and control series, re- 
spectively. 

The 2, for 28 trials = 175 2 24. 
A value of 0.5 or lower for the index was 

chosen arbitrarily as the limiting value for 
activity. However, it will be noted that this 
is removed from the control average by 
greater than 3 standard deviations. 

Drug therapy. The drugs were given in- 
traperitoneally a t  the estimated maximum 
tolerated doses (for initial screening) on 4 
successive days, beginning a t  the time of the 
first antigenic stimulus. 6-Mercaptopurine 
(75 mg./kg) was included as a positive con- 
trol in each experiment, as was a control 
without antigen or therapy. 

Results. The results of hemagglutinin ti- 
ters determined daily on groups of control 
mice and mice receiving therapy with 6-mer- 
captopurine (75 mg,/kgjday) are presented 
in Fig. 1. For the first 4 days the titers were 
not significantly higher than those of the 
controls. This is in agreement with the find- 
ings of Makinodan( 13). The rapid rise in 
titer on the fifth day is more abrupt than that 
reported by the previous author, but may be 
a consequence of the much greater antigenic 
stimulus provided in the present test. Anti- 
body production is seen to be almost com- 
pletely suppressed over the period studied 

when 6-mercaptopurine was administered 
during the first 4 days. 

The relationship between antigenic stimu- 
lus, dose of drug and response was explored 
in a Latin square type of experiment, the re- 
sults of which are presented in Table I. It 
will be seen by following each row that sup- 
pression of the response increases with in- 
creasing dosage of the drug. However, an 
increase in the antigenic stimulus resulted 
not in less, but, in fact, a considerably greater 
suppression. The rather high antigenic 
stimulus chosen for routine work appears 
well-adapted to the demonstration of the ef- 
fects of drugs. 
TABLE I. Relationship between Antigenic Stimu- 

lus, Dose of Mercaptopurine and Response. 

Dose of mercap- 
topurine, 

0 8.33 25 75 
mg/kg/day x 4 

~ ~~ 

Index 
Sheep cell suspension" .11 .78 .74 .SO .46 

.78 .80 .60 .35 
1.0 1.00 .80 .61 .30 
3.0 1.06 - .04 0 

.33 

* In proportions of the standard inoculum (1.0) 
as given in the text. 

Time of administration of the drugs in re- 
lation to suppression also was investigated. 
The pertinent data are shown in Table 11. 
Suppression diminishes as treatment is de- 
layed. Even a 24-hour delay appears to have 
some effect. The effect of single vs multiple 
doses of mercaptopurine also was investi- 
gated. In  one experiment the usual regime 
of 4 daily doses at 75 mg/kg gave an index 
of 0.17, doses of 150 m u k g  on days 0 and 1 

TABLE 11. Effect of Time of Initiation of Thcr- 
spy on Suppression of Immune Response. 

Time of start Index 

nay 0 .34 
1 .46 
2 .77 
3 3.04 
4 .95 

Control E therapy 1.00 

Each group received only the primary dose of m i -  
tigen, as described in the text, on day zero. Each 
of the treated animals was given 4 daily injections 
of mercaptopurjne, 75 mg/kg/day beginning on 
day indicated. 
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’I’AHLE 111. Effects of Various Agciits on Hemag- 
glutiiiiii Respoiisc. 

Dose/dap, 
Compound ”g/kg Illtlcs 

Control withou 

K.W. 57-;St‘R” 

_ _  -. 

Figures in parelltheses refer to S o .  of txia:., 
where averages of several are presented. Where a 
substantial No. of trials was involved, stand. dev. 
has been given. 

* B.W. 57-322 6 - (1 -methyl- 4-nitro-5-imidazoly?) 

R.W. 57-323 2-amino - 6 -( l - n i ~ ~ t ~ i ~ l - ~ - i i i t r ~ ) - ~ - j i ~ i i -  

R.W. 50-276 2,4- diamino - 5 - ( ~ ~ , ~ - ~ i ~ l i l o r o i i l i ~ i i -  

thiopuririe 

ilazolpl) thioyurine 

yl) -6-ethylpyrimidine 
t Toxic dose, 5 of 10 mice died. 

gave an index of 0.47, and a single dose on 
day 0 of 300 mg/kg gave an index of 0.51. 
with 2 of the 10 animals dying of drug toxi- 
city. A number of experiments have indi- 
cated that there is no advantage, for the pur- 
poses of this test, in extending therapy be- 
yond the 4 d a y  induction period. 

Representative screening test results are 

presented in Table 111. It will be observed 
that 6-mercaptopurine consistently gives a 
strong repression of the immune response dur- 
ing the period of observation. 6-Thicguanine 
appears on the basis of a smaller number of 
trials to be significantly more active than 6- 
mercaptopurine. The imidazolyl derivatives 
( R . W .  57-322 and B.W. 57-323) have activi- 
ties comparable to those of the parent thio- 
purines. However, B.W. 57-322 appears to 
be active over a wider range of dosage, and 
at lower fractions of the maximum tolerated 
dose which is approximately 150 mg/kg for 
this dosage schedule. The apparent superi- 
ority of this substance in comparison with 
mercaptopurine has been observed also in 
maintenance of renal homotransplants in dogs 
( 10). 6-Methylthiopurine but not 6-propyl- 
thiopurine appears to have significant activ- 
ity. 8-Azaguanine, on the basis of 2 trials, 
would be scored as inactive despite other evi- 
dence that in some circumstances it is cap 
able of producing suppression ( 15). Among 
the pyrimidine analogs, the apparent inac- 
tivities of S-fluorouracil, the various 2-thio- 
pyrimidines and 6-azathymine are in agree- 
ment with the findings of Sterzl(l2). On 
the other hand, 6-azauracil showed brder -  
line activity as did 4-thiouracil, and 5-amin- 
ouracil. Two folic acid antagonists, A-me- 
thopterin and B.W. 50-276 gave borderline- 
active results. Nitrogen mustard (HN2) 
was active only at  a toxic dose, but chloram- 
bucil gave very consistent if not very power- 
ful suppression. Actinomycin D was scored 
as active. 

Discussion. The present screening test 
was designed primarily to find substances 
which interfere with the inductive phase of 
the antibody response. For this reasun ther- 
apy has not been extended to the phase of 
antibody production. But experiments con- 
cerned with the optimal time of therapy 
show that 6-mcercaptopurine, in agreement 
with the findings of Schwartz(2) has little or 
no activity once antibody production is es- 
tablished. The selection of the time of the 
first antigenic stimulus as the optimal time 
for initiation of therapy is not necessarily at 
variance with that of Berenbaum( 5) who 
used a different antigen and a single maximal 



STRESS AND FLUDROCORTISONE IN RAT 799 

dose of the test drug 48 hours after adminis- 
tration of antigen. 

Where comparisons are possible, the re- 
sults reported herein are in general agree- 
ment with those of Sterzl( 12) although some 
minor differences with regard to the activity 
of specific compounds will be observed. In 
the present test to date, the activity with 
folic acid antagonists has been of moderate 
dimensions in contrast to the marked effects 
reported by others(4,12). 

Perhaps the most important observation 
reported here is that the effects of the drug 
increase with increasing antigenic stimulus. 
The failure to employ an adequate antigenic 
stimulus may explain some of the failures to 
find suppression with 6-mercaptopurine. In 
the absence of a clear understanding of the 
processes involved in the inductive phase of 
antibody formation, the r6le of 6-mercapto- 
purine remains obscure. However, the pres- 
ent results suggest that maximal drug effects 
are obtainable only when these processes are 
stimulated maximally. It is noteworthy that 
all the substances found active to date also 
are active antitumor agents in tests with 
transplantable tumors in mice. The reverse, 
however, by no means follows. 

A screening test is described 
for materials which suppress the immune re- 
sponse during its inductive phase. This test 
is based on the formation of hemagglutinins 
to sheep red blood cells in mice. 6-Mercap- 

Summary. 

topurine, 6-thioguanine and their S-imida- 
zolyl derivatives, B.W. 57-322 and B.W. 57- 
323, show high activity. 

The authors wish to acknowledge their indebted- 
ness to Dr. Robert Schwartz for the suggestion which 
stimulated this investigation, and to thank Dr. R. Y. 
Calne and Dr. A. W. Frisch for the opportunities to 
read their papers in advance of publication. 
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Effect of Stress on Response to Fludrocortisone Excess in the Rat." (26759) 

C. E. HALL AND 0. HALL 
Carter Physiology Laboratory, University of Texas Medical Branch, Galveston, Texas 

We have reported that in rats treated with 
desoxycorticosterone acetate (DCA) ( 1,2) or 
STH( 3), stress increases the hypertensive 
and/or nephrosclerotic action of the hor- 
mone, an effect not noted with corti,sol(4). 
Selye( 7 )  has reported that immature unilat- 
erally nephrectomized rats given 2 0 0  pg/day 

*This study was supported by a grant from 
USPHS. 

of 9~ fluoro-hydrocortisol ( fludrocortisone) 
and 1% NaCl solution to drink, develop se- 
vere nephrosclerosis and ascites, but not car- 
diac lesions, encephalopathy or visceral peri- 
arteritis. Blood pressure showed an eleva- 
tion to hypertensive levels in many animals, 
but this was not sustained, declining pre- 
mortally. 

It seemed of interest to determine the in- 
fluence of simultaneous exposure to stress 




