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The immune response may be considered as a
complex metabolic process initiated by an anti-
genic substance and resulting in the formation of
highly specific proteins. The mechanisms under-
lying this response are not clearly understood,
but it is evident that the nucleus of antibody form-
ing cells as well as their cytoplasm participate (1).
Following the administration of antigenic ma-
terial to experimental animals, striking morpho-
logic and biochemical changes occur within the
antibody forming tissues (2). The structural
alterations include hypertrophy and cellular proli-
feration, while the biochemical changes are re-
flected by increased nitrogen, desoxyribose nucleic
acid (DNA) and ribonucleic acid (RNA) con-
tents of these tissues. These changes occur dur-
ing the primary and secondary immune responses 1
as well as after the stimulation of regional lymph
nodes by heterografts (3). The increase in DNA
content is largely due to cell multiplication, which
begins within 48 hours after the injection of anti-
gen. Increases in RNA, however, occur some-
what later, and the peak of cellular RNA concen-
tration coincides closely with the peak of serum
antibody titer (4, 5). Studies such as these indi-
cate that the formation of antibody is closely linked
to nucleic acid metabolism.

In a previous publication we have shown that
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ice Fellowship No. HF-7166(C).

1 The primary response is an immunological reaction
which follows the first exposure to an antigen. It is
characterized by the relatively slow appearance of small
quantities of antibody in the blood. The secondary re-
sponse is an immunological reaction which occurs after
re-exposure to an antigen. In contrast to the primary
response, this reaction is rapid, large quantities of anti-
body are formed and antibodies are found in the blood
over a long period of time.

a purine analog, 6-mercaptopurine (6-MP), pre-
vents the formation of antibodies by hyperim-
munized rabbits (6). In this report we will pre-
sent further studies concerning the mechanism of
action of 6-MP on the immune responses of rab-
bits. These responses were studied in vivo by
determining rates of antigen disappearance using
the isotope technique of Talmage, Dixon, Bukantz
and Dammin (7) and by measuring antibody ap-
pearance by the ammonium sulfate fractionation
method of Farr (8) and the tannic acid hemag-
glutination of Stavitsky (9). It will be shown
that 6-MP can completely block the primary im-
mune response, while that dose of the drug which
prevents the appearance of the primary response
delays, but does nlot prevent, the onset of the
secondary response.

MATERIALS AND METHODS

Aninmals. Healthy white New Zealand rabbits obtained
from a nearby supplier and weighing about 2 Kg. each
were used. The animals were housed in individual cages
in an air-conditioned room. All rabbits were maintained
on Purina Rabbit Chow® and water ad libitum.

Radioisotopes and antigents. Radioiodinated human
serum albumin (HSA-I) was obtained from Abbott Lab-
oratories. This material is supplied in vials containing
about 1 ml. of a 1 per cent solution of human serum al-
bumin conjugated with 500 ,uc. of I-131. "Loosely
bound" radioiodine activity of this preparation is less
than 1 per cent, and the appearance of free iodide during
storage is negligible. Human serum albumin (HSA)
was obtained from the Protein Foundation Laboratories
(Lot No. HABSlCH). This material was isolated from
human serum by the cold ethanol fractionation method of
Cohn, and was supplied to us as a dry powder. Solu-
tions of the desired concentration were prepared in 0.15
M saline.
Isotope detection. Isotope activity was detected in a

well-type scintillation counter which affords reproducible
counts better than ± 3 per cent. The detector was stand-
ardized daily against a long-lived nuclide, Cs 137. I-131
counts were made directly from measured amounts of
serum, usually 1.0 ml. In order, to eliminate counting
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EFFECT OF 6-MERCAPTOPURINE ON ANTIBODY FORMATION1

errors due to geometric variations of the sample, those
tubes which contained less than this amount of serum
were diluted to 1.0 ml. with 0.15 M saline. Serum I-131
activity of the various samples was corrected for indi-
vidual variations in blood volume, assuming a blood vol-
ume of 8 ml. per Kg. of body weight. Of those sera which
contained radioactivity, no sample had counts less than
twice that of the background radioactivity.

6-Mercaptopurine. This compound was supplied as an
amorphous yellow powder, insoluble in water, but quite
soluble in dilute alkali. Fresh solutions were prepared
daily by dissolving pre-weighed aliquots of 6-MP in 1.0 N
NaOH (1 ml. of alkali per 100 mg. of 6-MP); the result-
ing solution was diluted to the desired concentration
with normal saline. All injections of the drug were
given intramuscularly.

TABLE I
Effect of 6-mercaptopurine on the primary itmmune response*

Day after antigen injection
No. 1 3 5 7 8 9 10 12 14 15 16

2.1 0.3 0.0

3.4 0.4 0.0
2.7 0.6 0.0
5.4 1.6 0.0
3.4 0.6 0.0
3.2 0.3 0.0
3.9 1.0 0.0
6.6 1.2 0.0
8.0 1.8 0.0
6.9 0.9 0.0
5.1 0.8 0.0
5.1 1.0 0.0

1 mg./Kg./day
66 37.0
67 40.3
68 41.1
69 35.5
70 46.0

Avg. 40.0

2 mg./Kg./day
55 31.6
56 44.3
57 49.5
58 43.4
59 45.9

Avg. 42.9

3 mg./Kg./day
7 34.7
8 32.1
9 33.6
10 34.0
22 34.1

Avg. 33.7

6 mg./Kg./day
152 29.3
153 36.2
154 33.9
155 29.0
156 40.8
157 26.1
161 24.2
162 31.5
163 30.4
164 37.3
165 29.2
166 30.7

Avg. 31.6

13.1
15.0
15.5
9.7
15.6
13.8

23.2
26.7

28.4
35.7
28.5

21.5
23.5
26.0
24.1
19.7
21.2

16.7
10.1
19.8
15.9
19.7
16.4

12.6
16.8
18.5
15.0
15.5
15.7

8.7
12.0
16.0
12.7
10.8
12.0

10.1
8.2
7.1
3.7
8.4
8.2

11.1
14.1
16.0
15.3
13.5
14.2
10.8

10.2
10.5
11.4
6.1
11.7
10.0

10.8
9.3

11.5
8.3
8.6
9.7

7.8
10.6
13.8
11.6
8.3

10.4

8.1 6.4 4.5 2.4
7.4 5.0 0.8 0.0
8.4 5.1 0.7 0.0
4.1 3.7 0.9 0.0
8.8 5.7 1.9 0.0
7.4 5.2 1.8 0.5

8.3 7.1 4.5 0.2 0.0
7.2 5.2 3.2 0.9 0.0
8.6 8.4 4.7 0.9 0.0
9.8 4.1 5.3 0.8 0.0
7.4 6.2 3.6 0.6 0.0
8.3 6.2 4.3 0.6 0.0

6.5
9.7
13.6
9.8
7.2
9.4

6.4
5.5
4.8
4.0
5.2
5.5
5.5
8.2
8.6
8.0
6.6
12.0
6.7

4.0
7.7

12.6
8.0
6.3
7.7

2.1 0.2 0.0
4.2 0.1 0.0
5.8 0.8 0.0
3.7 0.7 0.0
3.6 0.4 0.0
3.9 0.4 0.0

1.9
1.5
0.9
0.7

5.4 2.7
5.1 2.1
3.8 1.6
2.7 1.1

4.7 2.0
3.4
5.5
5.8
6.0
1.7
7.9

4.3 3.4

2.4
3.5
2.6
3.2
0.5
4.3
1.9

* The value for each animal represents percentage of initial radioactivity.

Controls
1
2
3
4
5
6

35
36
37
38
39

Avg.

35.6
34.2
31.0
33.7
33.2
31.4
32.5
38.7
36.9
42.0
41.1
39.0

21.2
22.1
21.4
23.2
24.3
19.5
17.3
22.8
26.9
26.8
25.5
25.1

16.1
14.2
11.3
14.0
14.1
9.5
12.7
14.1
17.1
15.5
15.1
15.4

5.0
7.2
6.3
6.4
8.6
6.1
8.3

10.7
13.8
13.4
8.7
9.5
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TABLE II

Percentage of globulin-bound antigen appearing during the primary response

Day after antigen injection
No. 1 3 5 7 8 9 10 12 14 16

Controls
1 2.1 1.9 1.7 2.3 18.3 88.3 0.0
2 1.2 3.2 2.8 1.6 54.0 93.2 0.0
3 1.4 2.1 2.1 1.6 41.2 78.6 0.0
4 1.7 1.6 3.7 4.3 36.8 84.3 0.0
5 0.8 1.9 2.3 0.7 58.3 98.0 0.0
6 3.6 0.7 1.2 75.3 67.8 0.0

35 1.2 1.4 0.8 1.4 48.3 87.2 0.0
36 4.1 6.1 2.3 11.0 62.3 100.0 0.0
37 2.5 17.0 51.4 93.0 0.0
38 0.6 2.6 2.8 6.3 46.9 87.6 0.0
39 1.4 3.8 1.1 0.7 79.8 96.3 0.0

Avg. 1.9 2.7 2.0 4.8 45.9 97.4 0.0

6-MP, 6 mg./Kg./day
152 1.6 4.6 2.2 0.3 1.6 1.5
153 3.2 1.4 1.6 2.3 2.4 1.7
154 0.9 1.9 0.9 2.3 1.4 1.9
155 1.7 4.1 3.4 3.1 1.4 2.9
156 1.5 1.3 3.2 2.4 1.5 3.2
157 1.3 7.5 1.4 1.1 0.8 1.7
161 1.2 3.5 2.1 1.0 2.4 1.8
162 3.4 2.4 3.2 1.6 7.1 1.0
163 1.4 3.5 0.8 1.2 3.4 1.9
164 0.7 2.3 0.7 1.6 1.2 3.1
165 1.1 4.3 1.9 2.0 1.0 0.9
166 0.9 3.2 1.1 1.0 5.4 3.2

Avg. 1.6 3.3 1.8 1.7 2.5 2.1

Estimationt of antibody production. Two methods were
used: 1) After the radioactivity of the serum samples
had been determined, sufficient saturated ammonium sul-
fate was added to produce a final concentration of 50 per
cent ammonium sulfate. The precipitated globulins were
washed three to four times in half-saturated ammonium
sulfate, or until the supernatant contained no radioactivity.
After discarding the supernatant, the radioactivity of the
precipitate was measured as described above. The radio-
activity of the washed globulin precipitate indicated the
relative concentration of circulating antigen-antibody
complexes since only the human albumin firmly bound to
rabbit globulin precipitated in the half-saturated ammo-
nium sulfate. 2) "Free" serum antibody was measured
at various intervals by the tannic acid hemagglutination
method of Stavitsky (9), with one minor modification,
namely, normal saline was substituted for buffered (pH
7.4) saline, since in our hands this change produced
sharper agglutination patterns. Results of these tests
were expressed as the log2 of the highest dilution of serum
showing a 1 + pattern.
Immunization, dosage and bleeding schedules. 1) Pri-

mnary response: Thirty-eight animals, 11 in the control
group and 27 in the experimental groups, were used. Each
animal was given one intravenous injection of 10 to 15
gc. of HSA-I mixed with 20 mg. of "carrier" HSA.
The experimental groups were given 6-MP in the fol-
lowing dosage schedules: 1 mg. per Kg. per day, 2 mg.
per Kg. per day, 3 mg. per Kg. per day and 6 mg. per

Kg. per day. Administration of the drug was begun on
the first day of antigen injection (Day "O") and was
continued for 13 days. Blood was obtained from the mar-
ginal ear veins. An initial bleeding was obtained 15 min-
utes after the injection of the antigen and the counts
per minute of this sample were taken as 100 per cent
radioactivity. Bleedings were made either daily or every
second or third day, as indicated in the Results.

2) Secondary response. Eighteen animals, eight in the
control group and 10 in the drug treated groups, were used.
Each animal was given a single intravenous injection of
100 mg. of HSA. Six to 12 weeks later a second in-
jection of 10 to 15 uc. of HSA-I together with 20 mg.
of "carrier" protein were administered intravenously.
The experimental groups were given 6-MP in the follow-
ing doses: 3 mg. per Kg. per day for five days and 6 mg.
per Kg. per day for eight days, beginning with the sec-
ond injection of antigen. Blood was obtained as for the
primary response.

RESULTS

The primary response

The results of these experiments are illustrated
in Figures 1, 2 and 3 and the data for each rabbit
are listed in Tables I, II and III. The disap-
pearance of HSA-I from the serums of the un-
treated animals occurred in three distinct phases,

1396



EFFECT OF 6-MERCAPTOPURINE ON ANTIBODY FORMATION

TABLE III

Production of humoral antibody during the primary
response*

Day after antigen injection
No. 1 5 9 12 18 22

Controls
1 0 0 0 7.3 10.4 8.3
2 0 0 0 6.3 11.4 7.3
3 0 0 0 6.3 11.4 7.3
4 0 0 0 3.3 11.4 10.4
5 0 0 0 5.3 9.3 10.4

35 0 0 0 6.3 10.4 7.3
36 0 0 0 7.3 10.4 8.3
37 0 0 0 8.3 11.4 8.3
38 0 0 0 11.4 14.4 10.4
39 0 0 0 6.7 8.3 7.3

Avg. 0 0 0 6.7 10.9 8.5

6-MP, 6 mg./Kg/day
152 0 0 0 0 0 0
153 0 0 0 0 0 0
154 0 0 0 0 0 0
155 0 0 0 0 0 0
156 0 0 0 0 0 0
157 0 0 0 0 0 0
161 0 0 0 0 0 0
162 0 0 0 0 0 0
162 0 0 0 0 0
163 0 0 0 0 0
164 0 0 0 0 0
165 0 0 0 0 0
166 0 0 0 0 0

Avg. 0 0 0 0 0 0

* Titers for tannic acid hemagglutination tests; values
are expressed as the log2 of the highest dilution giving a
1 +pattern.

about 18 days after the injection of antigen and
thereafter began to decline.

All groups of animals treated with 6-MP be-
haved quantitatively differently from the control
group, except the group treated with 6 mg. per
Kg. per day, which differed both quantitatively
and qualitatively from the untreated animals.
This latter group will be discussed separately.
The immune disappearance phase developed in
each of the other groups of treated animals, but
the time of onset was delayed in proportion to the
dose of 6-MP administered. Thus, in the group
given 1 mg. per Kg. per day the accelerated por-
tion of the curve began on the ninth day; those
animals treated with 2 mg. per Kg. per day de-
veloped this phase on the twelfth day; while the
group in which 3 mg. per Kg. per day was given
responded on the fourteenth day. This relation-
ship between dose and suppression of the immune
response was arbitrarily expressed as a percentage

100

10

corresponding closely to the results obtained by
Talmage and associates (7), and by Dixon (10).
During the first 24 hours about two-thirds of the
initial radioactivity disappeared from the serum.
The remaining one-third then showed a logarith-
mic decay curve similar to that seen with other
circulating proteins. However, on the seventh day
after antigen injection an accelerated disappear-
ance phase began, and within three days all traces
of radioactivity were gone from the circulation.
Coincident with this accelerated disappearance
of antigen ("immune disappearance phase") there
was a sharp rise in the percentage of HSA-I
bound to globulin, indicating the appearance of
circulating antigen-antibody complexes. Nine
days after antigen injection, practically all of the
detectable isotope was in the globulin fraction.
Twelve days after the administration of the antigen
the tannic acid hemagglutination tests were posi-
tive, indicating the presence of "free" humoral
antibody. Antibody titers reached their peaks

100 -1
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FIG. 1. ANTIGEN DISAPPEARANCE AND ANTIBODY AP-
PEARANCE FOLLOWING THE INTRAVENOUS ADMINISTRA-
TION OF HSA-I TO CONTROL ANIMALS
0-0-0, per cent initial radioactivity remaining in

serum; 0--O-- -O, per cent radioactivity bound
to globulin; 0--O-O, tannic acid hemagglutina-
tion titer. Each point represents the average value for
the group.
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FIG. 2. ANTIGEN DISAPPEARANCE IN CONTROL AND 6-MP
TREATED ANIMALS

Each point represents the average value for the group.

of "immunological efficiency" by assuming the un-
treated animals to be 100 per cent efficient; the
efficiencies of the treated groups were calculated
according to the formula:

Per cent immunological efficiency
induction period of controls X100

induction period of treated group
This relationship is illustrated in Figure 4. It
can be seen that a linear relationship exists be-
tween the dose of 6-MP and the arbitrary "im-
munological efficiency."
The rabbits treated with 6-MP in a dose of 6

mg. per Kg. per day did not develop the third
phase of antigen disappearance. After initial
equilibration, the antigen decayed logarithmically
until the sixteenth day after its injection; fur-
ther determinations of serum radioactivity were
not done because the very small amount of isotope
remaining precluded accurate count. At no time
did antigen-antibody complexes appear. Hu-
moral antibodies were not detected during the 25

days of the study. Further evidence that antibody
production was completely blocked was obtained
by reinjecting this group with a second dose of
HSA-I. These results, which will be reported in
detail elsewhere (11), indicate that antibody was
absent from the blood of these animals at the
time of the second injection of antigen.

The secondary response.

The results of these experiments are illustrated
in Figures 5 and 6 and the data for each rabbit
are listed in Tables IV, V and VI. Radiolabeled
antigen disappeared from the circulation of the
control group in the three distinct phases previ-
ously described. The onset of the immune dis-
appearance phase, however, occurred much earlier
-on the third day after antigen injection, and by
the fifth day no circulating antigen was detect-
able. On the fourth day most of the circulating
antigen was bound to globulin as antigen-anti-
body complexes. Five days after the injection
of antigen "free" humoral antibody was detected
by the tannic acid hemagglutination method; titers

100
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FIG. 3. ANTIGEN DISAPPEARANCE AND LACK OF ANTI-
BODY FORMATION IN ANIMALS TREATED WITH 6-MP (6
MG. PER KG. PER DAY) FOR 13 DAYS
Each point represents the average value for the group.
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FIG. 4. RELATIONSHIP BETWEEN DOSE OF 6-MP AND DE-
PRESSION OF "IMMUNOLOGICAL EFFICIENCY"

TAB

EfFECr OF 6-mp ON ANAMVN(rSC RESPONSE

DAYS

FIG. 5. ANTIGEN DISAPPEARANCE DURING THE SECOND-
ARY IMMUNE RESPONSE

Each point represents the average value for the group.

BLE IV

Effect of 6-mercaptopurine on the secondary immune response*

Day after antigen injection

No. 1 2 3 4 5 6 7 8 9

Controls
1 44.4 32.8 17.2 2.1 1.3 0.0
2 39.0 29.9 16.3 0.7 0.2 0.0
3 36.6 30.6 15.4 4.5 0.7 0.0
5 39.9 36.0 18.2 0.9 0.1 0.0

55 37.4 27.5 2.8 0.1 0.0
57 38.6 28.5 1.7 0.0 0.0
58 40.0 36.6 1.8 0.1 0.0
59 49.2 34.4 0.1 0.0 0.0

Avg. 40.6 32.3 24.2 1.8 0.3 0.0

6-MP, 3 mg./Kg./day
29 40.5 32.8 18.3 0.9 0.2 0.0
30 35.3 20.6 17.6 1.8 0.3 0.0
31 29.1 15.5 10.4 0.1 0.1 0.0
32 30.5 20.0 11.3 0.7 0.0 0.0

Avg. 33.9 22.3 14.4 0.9 0.2 0.0

6-MP, 6 mg./Kg./day
116 30.3 25.9 18.8 13.6 9.0 3.8 0.1 0.0
117 33.2 22.3 21.0 16.0 10.2 3.4 0.1 0.0
118 31.9 25.8 19.2 5.5 2.3 1.2 0.1 0.0
119 34.3 22.3 17.2 7.9 2.3 1.1 0.1 0.0
120 31.7 21.5 14.3 8.1 5.4 2.2 0.0
125 33.3 24.2 20.1 17.6 12.0 5.6 0.4 0.0

Avg. 32.5 23.7 18.4 11.5 6.9 2.9 0.1 0.0

* The value for each animal represents the percentage of initial radioactivity.
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FIG. 6. PRODUCTION OF ANTIBODY DURING THE SECOND-
ARY RESPONSE

0-0-0, control group; 0-0-0, 6-MP, 3 mg.
per Kg. per day; @-@o c, 6-MP, 6 mg. per Kg. per

day.

TABLE V

Percentage of globulin-bound antigen appearing
during the secondary response

Day after antigen injection

No. 1 3 4 7 8 9

Control
1 1.2 2.1 88.2 0
2 1.6 1.9 93.1 0
3 3.2 2.3 87.2 0
5 4.8 3.7 67.8 0

55 1.7 2.3 93.0 0
57 6.7 4.1 0 0
58 2.3 2.6 84.1 0
59 1.6 3.8 0 0

Avg. 2.1 2.9 64.0 0

6-MP, 3 mg./Kg./day
29 3.1 1.4 92.1 0
30 1.6 2.8 91.7 0
31 0.7 3.1 87.3 0
32 1.4 0.5 94.6 0

Avg. 1.7 1.9 91.4 0

6 mg./Kg./day
116 1.2 1.9 2.1 22.1 90.1 0
117 2.1 3.3 4.3 40.3 95.7 0
118 4.1 1.6 0.9 56.2 88.3 0
119 3.6 1.7 1.6 39.7 67.8 0
120 1.7 2.8 44.3 92.1 0
125 0.9 1.9 1.1 63.1 91.1 0

Avg. 2.1 1.9 2.2 45.9 87.3 0

TABLE VI

Production of humoral antibody during the secondary
immune response*

Day after antigen injection

No. 1 5 7 12 18 22

1 0 4.3 9.3 7.3 6.3 7.3
2 0 5.3 10.4 14.4 14.4 14.4
3 0 4.3 10.4 13.4 12.4 13.4
5 0 3.3 14.4 14.4 10.4 9.3

35 0 7.3 14.4 13.4 13.4 8.3
36 0 8.3 14.4 14.4 12.4 12.4
37 0 5.3 10.3 7.3 12.4 11.4
38 0 3.3 11.4 12.4 12.4 14.4
39 0 6.3 10.3 11.4 14.4 14.4

Avg. 0 5.3 11.7 12.0 12.1 11.7

Controls
3 mg./Kg./day

29 0 4.3 8.3 14.4 14.4 13.4
30 0 6.3 9.3 13.4 12.4 14.4
31 0 7.3 11.4 10.4 14.4 14.4
32 0 8.3 14.4 12.4 14.4 14.4

Avg. 0 6.6 10.9 12.7 13.9 14.2

6-MP, 6 mg./Kg./day
116 0 0 4.3 4.3 9.3 9.3
117 0 0 0 0 8.3
118 0 0 14.4 14.4 14.4 14.4
119 0 0 12.4 14.4 14.4 14.4
120 0 0 7.3
125 0 0 0 3.3 3.3 8.3

Avg. 0 0 6.4 7.3 10.0 11.6

* Titers for tannic acid hemagglutination tests; values
are expressed as the log2 of the highest dilution giving a
1 +pattern.

quickly rose and by the twelfth day they were at
their peak.
6-MP, when given in a dose of 3 mg. per Kg.

per day, had no effect on the secondary response.
However, when twice that dose was given the
onset of the immune disappearance phase occurred
in the seventh day rather than on the third day.
"Free" antibody appeared on the ninth day and
the tannic acid hemagglutination titers rose tlhere-
after to a peak on the twenty-second day after
antigen injection. Although the animals of this
group eventually attained antibody titers equal to
those of the control group, the rate of increase
was more gradual than in the untreated animals.

DISCUSSION

Antibody formation has been suppressed by a
number of agents, including X-radiation (12),
nitrogen mustard (13), thorium dioxide (14),
cortisone (15), vitamin deficiencies (16), vitamin
analogs (17), amino acid analogs (18), and
purine antagonists (6, 19-21). Some of these,
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FIG. 7. STRUCTURAL FORMULAS OF 6-AIP AND RELATED
PURINES

such as X-radiation and nitrogen mustard, appear

to exert their effects by direct destruction of anti-
body forming tissue; others, such as thorium di-
oxide, may act by inhibiting the function of the
reticuloendothelial system. Metabolic antagonists
of vitamins, amino acids and purines have striking
effects on antibody production, but their mecha-
nisms of action are poorly understood.

Althouigh the effects of 6-MP (Figure 7) on

iimmune responses are clearcut, its exact mode of
action at the "biochemical level" is not well under-
stood. There is much evidence to support the
view that 6-MP acts as a nucleic acid antagonist,
but the precise details of its action are ill defined.
Its role in purine metabolism has been extensively
investigated and it has been shown that 6-MP
inhibits the incorporation of P32 into the nucleic
acids of mouse tumors (22); not only is the de
novo synthesis of nucleic acids by Sarcoma 180
cells suppressed by this agent (23), but radio-
labeled 6-MP is probably synthesized into the
nucleic acid molecules of certain cells (24).

Other studies have demonstrated that the incor-
poration of hypoxanthine into nucleic acids of
viruses is blocked by this agent (25). 6-MP
probably acts as a nonspecific purine antagonist,
since its inhibitory action on bacterial growth can
be reversed by any of the natural purines (26).
Work with 6-MP resistant mutants of L. casel
suggested that 6-MP interferes with the conver-
sion of adenine to guanine via hypoxanthine (27);
this conclusion was later supported by experi-
ments done with C14 labeled adenine which denm-
onstrated that the 6-AMP resistant mutant lacks a
pathway for converting hypoxanthine to nucleic
acid purines (28). Skipper came to similar con-
clusions concerniing this action of 6-MP from his
studies of the intestinal tissues of mice treated
xvith this compound (23). 6-MP may also act
on nucleic acid metabolism by interfering with
normal purine interconversion mechanisms (29)
or by competing with enzymes responsible for the
conjugation of purine bases with ribose sugars,
thereby forming ribosides and ribotides (30)).
The widespread occurrence of purine moieties

in nature has led to the investigation of the effect
of 6-MP on systems other than nucleic acid me-
tabolism. Tlhus, it has been found that the in
vitro antimitotic activity of 6-MP can be over-
come by coenzyme A, an adenine containing deri-
vative of pantothenic acid essential in lipid metab-
olism (31); the increase in tissue diphosphopy-
ridine nucleotide (DPN) that usually appears
after the injection of nicotinamide into mice is
prevented by treatment of these animals with 6-
MP (32); amino acid (glutamate) incorporation
into pea-seedling protein has been blocked with 6-
MP (33); diminished amounts of adenosine
triphosphate (ATP) have been found in tumor-
bearing mice treated with this compound (34);
and interference with hexokinase by 6-MP has
been shown both in vivo and in vitro (35, 36).
Whether the demonstrated effects of 6-MP on
nucleic acid metabolism are the primary actions of
this drug, or whether it acts through interference
with other systems, such as ATP or hexokinase,
and only secondarily induces biochemical lesions
in nucleic acids, are speculative points. In any
event, it is probable that the principle observable
effect of 6-MP is on nucleic acid metabolism.

Certain conclusions can be drawn concerning
the effect of 6-MP at the "immunological level."
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It is possible to effect a complete block of the
primary response to a soluble protein antigen with
this agent. The linear relationship between the
dose of 6-MP and its effect on antibody produc-
tion suggests that the action of the drug in this
regard might be that of a first-order chemical
reaction, rather than that of a direct cytotoxic
effect, as is seen with X-radiation or nitrogen
mustard. If one assumes that the drug diffuses
freely into all cells, and reaches approximately
the same concentration in each antibody forming
cell, then its action on antibody formation is prob-
ably not due to immediate death of antibody pro-
ducing cells, since the dose-effect relationship is
linear, rather than sigmoidal. This latter type of
curve has been found by Makinodan and Gengo-
zian (37) to express the effect of progressively
increasing doses of X-radiation on immune re-
sponses in mice. The amount of 6-MP which
effectively prevents antibody production during
the primary response is only partially effective in
preventing the appearance of a secondary response.
The rapid onset and more intense cellular activity
of antibody forming tissues which characterize
the anamnestic response may also be accompanied
by different metabolic patterns, either quan-
titative or qualitative, with different susceptibili-
ties to 6-MP. An alternate explanation may be
that these differences are a reflection of a smaller
amount of drug available per cell during this
phase of the immune response.

That 6-MP acts on antibody formation by non-
specific inhibition of protein production seems un-
likely in view of the observation that the serum
protein patterns of hyperimmunized animals
treated with this drug are no different than those
of control hyperimmunized rabbits (38). Fur-
thermore, it has been shown that 6-MP does not
affect non-neoplastic anabolism in man; the ma-
terials excreted during tumor shrinkage caused
by the drug are derived solely from tumor destruc-
tion (39). Other experiments (40) have demon-
strated that 6-MP does not interfere with the in
vivo uptake of cellular antigens by the reticulo-
endothelial system, and it can be concluded that
the drug does not suppress ingress of antigen into
antibody producing cells.

In summary, then, the effects of 6-MP on both
the primary and secondary inmmune responses
may best be explained by a direct chemical at-

tack on antibody forming tissue, probably through
interference with nucleic acid metabolism.

SUMMARY

1. The administration of 6-mercaptopurine (6-
MP), a purine analog, to rabbits in a dosage of 6-
mg. per Kg. per day resulted in complete blocking
of the primary immune responses to a soluble
protein antigen.

2. Below the dose of 6 mg. per Kg. per day a
linear relationship was found to exist between the
effect on the primary response and the dose of
drug.

3. That dose of 6-MP which completely
blocked the appearance of the primary response
was only partially effective in preventing the onset
of the secondary response.
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