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Investigators have for many years been inter-
ested in the relation of the adrenal gland to anti-
body formation. Observations made in animals
have frequently led to conflicting results. The
effect of adrenalectomy on antibody titres has been
studied and has been shown to be associated with
an elevation (1-3), a depression (4), and no
change (5-8). The effect of ACTHor cortisone
on antibody levels in the acute experiment has re-
sulted in an elevation (1, 5, 9-11), no change (8,
12), and a depression (13). The effect of ACTH
or cortisone on antibody levels in the chronic ex-
periment has resulted in an elevation (9), a de-
pression (14, 15) and no change (16, 17). Ob-
servations in man on the effects of ACTHor corti-
sone on antibody levels have failed to demonstrate
a change in either the acute (18-20) or chronic
(21, 22) experiment. In previous studies on hu-
mans, antibody measurements have not been based
on techniques which lend themselves to precise
measurement. The purpose of this paper is to
present observations on the effect of adrenal in-
sufficiency and of cortisone administration on anti-
body titres in man using quantitative immuno-
chemical techniques.

MATERIALS AND METHODS

The method of Heidelberger and MacPherson for the
quantitative determination of precipitable antibody ni-
trogen was used throughout the experiments (23). Type-
specific capsular polysaccharides of pneumococcus types
I and II were used as antigens. Since complement and
C-antibody may add nitrogen to specific precipitates (24,
25), these were removed before the analysis of the spe-
cific precipitates was carried out. Since heat inactivation
may damage antibody present in low concentration (25),
all sera were de-complemented with a system of crystal-
line ovalbumin and rabbit antiovalbumin serum. The
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C-antibody was removed with C-polysaccharide derived
from a type III or type VII pneumococcus. Results are
expressed as micrograms of precipitable antibody nitro-
gen per 4 milliliters of serum. All materials were sup-
plied through the generosity of Dr. Michael Heidelberger.

Individuals used in this study were from the hospital
and clinic population of the Presbyterian Hospital. The
patients used as controls were diagnosed as having peptic
ulcer or arteriosclerotic heart disease. The five patients
with adrenal insufficiency had the characteristic clinical
and laboratory findings of Addison's disease. Desoxy-
corticosterone acetate was administered to four of the
five patients during the test period. Although there is
little evidence available in the literature, it has been
shown that in animals DCAdoes not appear to influence
antibody titres (10). The cortisone treated group were
patients with rheumatoid arthritis receiving 200 milli-
grams of the drug by mouth three times each week.
Cortisone treatment was started at least two weeks be-
fore immunization and was continued throughout the test
period. No other medications were given. As an ad-
ditional control group, eight patients with untreated
rheumatoid arthritis were included in this study.8 Fol-
lowing a preliminary bleeding, each of the subjects was
given 0.08 milligrams each of types I and II pneumococcus
polysaccharides subcutaneously. Post-immunization bleed-
ings were obtained at two and four weeks.

RESULTS

As can be seen from Table I, the 12 normal in-
dividuals exhibited responses similar to those ob-
served by Heidelberger and associates (25, 26).
C-antibody was present in all sera tested and there
was no rise in the titres of C-antibody in spite of
sizeable changes in antibody to the type-specific
capsular polysaccharides. Pre-immunization anti-
polysaccharide titres were low or not detectable.
Maximum antibody titres were usually achieved
by two weeks after immunization. A good re-
sponse to one antigen was not necessarily accom-
panied by a similar response to the other antigen.

8 Patients with arthritis used in this study were made
available through the courtesy of Dr. Charles Ragan.

1451



DANIEL L. LARSONAND LOIS J. TOMLINSON

1

2

3

4

6

9

11

35

39

40

41

52

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

C III
S I
S II

* Letter and number
precipitinogen used.

46
3
0

21
1
1

50
4
1

7
0

1

32
0

0

18
1
0

60
1
8

7

0

0

26
0

0

39
1
3

12
0

0

33
0

2

refer to specific

28
11
11

18
27
23

57
30
23

6
29
45

25
0

6

17
4
7

62
15
24

8
52
96

26
15
22

50
144

61

8
9

19

48
22
15

polysaccharide

Table II shows the data obtained on the antibody
formation in five patients with adrenal insufficiency.
It can be seen that there is no departure from the
behavior of the control group.

In Table III data are presented on eight patients
with untreated rheumatoid arthritis. It is ap-

parent that the responses are similar to those ob-

served in the group of controls. Table IV in-
cludes the figures for nine patients in the cortisone-

TABLE II

Antibody formation in patients with adrenal insufficiency

Micrograms of antibody nitrogen
per 4 milliliters of serum

Subject Antibody to*
Pre-immuni- 2 weeks post-

zation immunization

28 C III 10 7
S I 0 25
S II 1 101

29 C III 23 32
S I 0 30
S IT 0 39

32 C III 20 23
S I 0 7
S II 0 8

37 C III 14 9
S I 0 15
S II 0 26

33 C III 11 5
S I 1 20
S II .2 22

* Letter and number
cipitinogen used.

refer to the polysaccharide pre-

treated group. There does not appear to be any

impairment of antibody formation among those
receiving cortisone, and, indeed, three of the nine
patients demonstrated unusually high post-immuni-
zation titres.

Data are presented in Table V on two patients
with rheumatoid arthritis who were immunized
two weeks before the administration of cortisone.
Patient No. 64 received 300 milligrams of cortisone
and patient No. 67 received 200 milligrams of cor-

tisone on the first day of treatment. Both patients
were then given 100 milligrams of cortisone daily
over the next four weeks. Antibody titres were

determined at three hour intervals in the period
immediately following the first dosage of cortisone
as well as after four weeks of the drug. The data
indicate that with the dosages used, cortisone ex-

hibited no effect on previously elevated antibody
titres.

COMMENT

Some of the conflicting evidence in the literature
on the relation of adrenal activity to antibody levels
may be resolved on the basis of species differences,
as suggested by Mirick (21). Many of the re-

sults were obtained with techniques which do not
permit direct comparison of the data from one

TABLE I

Antibody formation in normal humans

Micrograms of antibody nitrogen
per 4 milliliters of serum

Subject Antibody to*
Pre-immuni- 2 weeks post-

zation immunization

I
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TABLE III

Antibody formation in patients with untreated
rheumatoid arthritis

Micrograms of antibody nitrogen
per 4 milliliters of serum

Subject tod Post-immunization
Pre-immu-

zation
Two weeks Four weeks

64 C VII 26 49 t
S I 0 46
S IT 0 56

67 C VII 38 36 t
S I 2 2 t
S II 2 50 t

98 C VII 2 4 6
S I 0 7 7
S II 1 17 20

99 C VII 10 10 10
S I 0 22 26
S II 0 10 12

100 C VII 34 39 44
S I 4 93 146
S II 2 13 14

101 C VII 97 108 92
S I 0 3 3
S II 0 0 2

102 C VII 29 35 31
S I 1 76 112
S II 3 23 20

103 CVII 13 12 12
S I 0 18 13
S II 0 15 17

* Letter and number refer to
cipitinogen used.

t See Table V.

the polysaccharide pre-

laboratory to another. Three groups of observers,
however, using precise immunochemical tech-
niques, have described the effect of cortisone and
ACTHon antibody formation in the rabbit. De-
Vries reported the effect of a single dosage of 50
milligrams of ACTHon the titre of rabbit anti-
egg albumin in an acute experiment (13). Some
of the animals were noted to have a significant drop
in precipitable antibody nitrogen within nine hours,
but as noted by the author, a serum dilution effect
may have influenced the results. Germuth and
Ottinger noted a striking decrease in rabbit anti-
egg albumin production when cortisone in dosage
of 10 milligrams per day was administered con-

comitantly with the antigen (15). ACTH in
dosage of 10 milligrams per day produced a similar
but less marked effect. Bjjrneboe, Fischel, and

TABLE IV

Antibody formation in cortisone-treated patients
with rheumatoid arthritis

Micrograms of antibody nitrogen
per 4 milliliters of serum

Subject to* Post-immunization
Pre-immu-

nization
Two weeks Four weeks

77 CVII 9 16 32
S I 1 15 20
S II 0 120 72

78 C VII 25 38 34
S I 0 67 40
S II 0 80 65

79 C VII 48 41 43
S I 0 21 27
S IT 3 22 18

87 C VII 7 4 42
S I 0 0 0
S II 0 12 18

88 C VII 39 61 61
S I 0 126 113
S II 0 110 170

89 C VII 14 60 10
S I 0 0 0
S II 0 28 35

90 C VII 31 53 40
S I 0 44 38
S II 19 36 31

91 C VII 14 20 21
S I 0 89 106
S II 4 104 156

92 C VII 22 26 27
S I 3 155 196
S II 2 116 90

* Letter and number refer to polysaccharide precipitino-
gen used.

Stoerk studied the production of polyvalent rabbit
anti-pneumococcal serum using 10 milligrams per
day of cortisone and up to 3 milligrams per day
of ACTH (14). Their results were in agreement
with those obtained by Germuth, although some-
what less dramatic. In addition, the effect was
the same whether the drugs were given during
the period of active immunization or to animals
with previously elevated antibody titres. The
dosages of cortisone used in the experiments on
rabbits were considerably in excess of those used
clinically when calculated on the basis of body
weight.

There is evidence to suggest that the amount of
antibody produced may be in part dependent upon
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TABLE V

Effect of cortisone on previously elevated antibody tigers in two patients with rheumatoid arthritis

Micrograms of antibody nitrogen per 4 milliliters of serum

Subject Antigen tot Time after cortisone
Pre-immu- 2 weeks post-

nization immunization
3 hrs. 6hrs. 9 hrs. 12 hrs. 4wks.

64* C VII 26 49 49 48 48 31 35
S I 0 46 48 45 43 43 37
S 11 0 56 63 59 56 50 52

67t CVII 38 36 43 31 35 34 20
SI1 2 2 2 1 2 3 6
SII 0 so 57 54 56 52 44

* Initial dosage cortisone 300 mg.
t Initial dosage cortisone 200 mg.
t Letter and number refer to polysaccharide precipitinogen used.

a local inflammatory reaction at the site of deposi-
tion of the antigen and cortisone in adequate dos-
age may inhibit this inflammatory reaction and
thus interfere with a maximal antibody response

(27, 28). During the course of these experiments,
no clinical difference was observed in the local in-
flammatory response to the antigen in the corti-
sone-treated group as opposed to the control group.

Moreover, there did not appear to be any relation
between the severity of the local reaction and the
subsequent antibody titre. The failure of corti-
sone to influence circulating antibody titres in man

may be a reflection of dosage as well as a species

difference.
The conflicting evidence on antibody formation

in adrenalectomized animals is difficult to explain.
Early studies (2-4, 6) were done on adrenalec-
tomized animals not maintained on any specific re-

placement therapy and the protocols indicate a high
post-operative mortality rate. Jaffe and Marine
(2), however, noted that the increased antibody
formation was apparent only if the antigen was

given soon after adrenalectomy. With a six-week
interval between adrenalectomy and immunization,
there was no increase in antibody formation. The
present studies are not strictly comparable to those
carried out in adrenalectomized animals since pa-
ients with Addison's disease may conceivably have
some functional adrenal cortical tissue. The find-
ing that patients with adrenal insufficiency do not
exhibit any impairment or increase in antibody
formation is in agreement with the quantitative
data obtained in animals by Eisen and associates

(5) and hemolysin formation as reported by
Thatcher, Houghton, and Ziegler (8).

SUMMARY

1. Quantitative immunochemical studies have
been carried out in man using pneumococcal cap-
sular polysaccharides as antigens.

2. The 12 subjects used as controls showed the
presence of C-antibody in all sera tested. The C-
antibody remained relatively constant in spite of
sizeable changes in antibody to the capsular poly-
saccharides. There is considerable variation in the
antibody response from one individual to another.
A large response to one antigen is not necessarily
accompanied by a similar response to another anti-
gen in the same individual. Maximum antibody
titres are usually achieved by two weeks following
immunization.

3. The five patients with adrenal insufficiency
did not demonstrate any impairment of ability to
form antibodies.

4. The eight patients with untreated rheumatoid
arthritis and nine cortisone-treated patients with
rheumatoid arthritis had similar antibody responses
when observed over a period of four weeks.

5. Two patients with rheumatoid arthritis with
previously elevated antibody titres showed no
change in these titres on the acute or chronic ad-
ministration of cortisone.
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