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Complement is an important constituent of
blood plasma and other body fluids as evi-
denced by its intimate association with anti-
gen-antibody complexes, its participation in
bacteriolysis, hemolysis, complement fixation,
phagocytosis and other immunological reac-
tions. Itisa complex of plasma proteins asso-
ciated for the most part with the globulins.
As it occurs in serum as less than 1% of the
total protein (0.03 to 0.05 mg C' N per ml
serum) (1), (0.15 to 0.20 mg C per ml serum)
(2), electrophoretic measurements are not
possible(3). Its marked activity in lysing
sensitized erythrocytes, however, allows detec-
tion and measurement in small quantities.

Stavitsky, Stavitsky, and Ecker(6) have
demonstrated marked and prompt reduction
in complement after reinjection of a variety
of antigens into previously immunized rab-
bits and give evidence that in vivo binding of
complement by antigen-antibody complexes is
responsible.  Ecker and his associates(4)
have summarized the numerous studies di-
rected toward attempting to relate complement
actvity to various infectious diseases and
stages of disease as well as to serum sickness.
In tuberculosis conflicting reports have ap-
peared in the literature. Objectives of the
present study were to determine 1) whether
serum complement levels in human pulmonary
tuberculosis differed from levels in normal,
apparently healthy humans, 2) the effect of
the administration of ACTH on complement
levels in human pulmonary tuberculosis and
3) correlation of hemolytic complement ac-
tivity with electrophoretic levels of plasma
proteins in a group of patients receiving
ACTH.

* Reviewed in the Veterans Administration and
published with the approval of the Chief Medical
Director. The statements and conclusions published
by the authors are the result of their own study
and do not necessarily reflect the opinion or policy
of the Veterans Administration,

Materials and methods. Complement titra-
tion. Complement titrations were performed
on 3 groups of human subjects. Twenty nor-
mal, apparently healthy individuals, both
tuberculin-positive and tuberculin-negative, on
whom a total of 54 titrations were made,
served as a control group. The second group
consisted of 37 patients in various stages of
pulmonary tuberculosis on whom a total of
59 titrations were performed. The third
group consisted of 10 tuberculous patients who
were to receive ACTH on whom a total of 65
titrations were done. Complement levels on
most of these patients were obtained before
ACTH was initiated and at intervals during
several months of treatment.

Titrations were performed promptly on
freshly drawn serum using the method of 50%
hemolysis. Sheep blood was collected in
Alsever’s solution(7). The technic of Wads-
worth, Maltaner, and Maltaner(7) was modi-
fied by the substitution of readings on the
Coleman Universal spectrophotometer for
visual color standards. Erythrocyte suspen-
sions were standardized spectrophotometri-
cally to correspond to 1,000,000 cells per ml.
Hemolysin was used at its optimal concen-
tration(7). Mgt+ and Cat+ were not em-
ployed in the diluting fluid; it was felt that
comparative figures of group analyses of the
human sera of this study nevertheless have
significance, inasmuch as optimal amounts of
these ions raise 50% titers of guinea pig sera
by a rather constant amount (78% to 88%),
and of human serum by about 289 (19).

The method of calculating the 509% unit
was based on the equation of von Krogh(8):
Log x-=log K~1/nlog y/1-y
where x is the amount of complement and y is
the resulting degree of hemolysis. 1/n repre-
sents the slope of the line. When y = 0.5
(50% hemolysis), y/ 1~y = 1,logx = log K
and x = K. Accordingly amounts of com-
plement (x) were plotted against y/1 — y on
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TABLE I, Statistical Analysis of Complement Levels.

Source of Required F
Group variation D.F. Variance F 5% 1%
- . Between patient 19 77.16 4.39* 1.90 2.50
Normal subjects { Within = 34 1754
. Between patient 36 52.75 1.79 1.95 2.62
Tuberculous patients { Within ” 29 29.36
. Betw tient 9 74.77 3.10* 2.05 2.75
Tuberculous ACTH patients { “?i?;?;n patien 35 24.08

* F value highly significant.

TABLE II. Comparison of Mean 50% TUnits.

Mean 50%

Group unit in ml
Normal subjeets .0030
Tuberculous patients .0026
Tuberculous ACTH patients 0025

logarithmic paper and a straight line fitted
through the points. The 50% unit is the
ordinate of the point of intersection of the
fitted line and the line y/1 — y = 1 where the
degree of hemolysis is 0.5 (50%). The
logarithmic method is advantageous in that it
allows observed values which do not fall on
the straight line to be discarded. Obviously
inconsistent readings would therefore not er-
roneously influence the value of the 50% unit.
Methods of analysis. Evaluation of the re-
sults of the 50% hemolytic units were ob-
tained by analysis of variance and correlation
and regression technics which provide objec-
tive tests of the significance of observed dif-
ferences(9,10). The analysis of variance is
advantageous in that variation within each
group is measured as well as variation between
groups and estimates of variance are computed
independently from these 2 sources.
Electrophoretic fractionation. Diagrams
were obtained under very nearly the same ex-
perimental conditions in order to make com-
parisons possible. The plasma from fasting
heparinized blood samples was diluted 1-6

TABLE III. Combined

with barbital buffer solution, pH 8.6 at 25°C,
ionic strength 0.1; electrophoresis was carried
out in the tall form of the standard 11 ml
Tiselius cell in a water bath at 1°C. Ten
milliamperes of current were passed for at
least 3 hours. Areas of the peaks were ob-
tained from enlarged tracings of the anode
pattern photographs. Percent of total plasma
proteins was determined according to the pro-
cedure of Tiselius and Kabat(11). Quanti-
ties as grams percent represent products of
the percentages and the total proteins deter-
mined by the conventional Kjeldahl method,
using a nitrogen factor of 6.25.

Results. Group comparison of complement
levels of normal subjects, tuberculous patients
and tuberculous patients receiving ACTH.
To arrive at a basic measure of variation, 2
sources were considered; variation in comple-
ment levels from patient to patient (between
patients), and fluctuation among repeated
tests on individual patients (within patients).
The variance from these 2 sources was sep-
arated and examined independently before
being used as the basis of tests of significance
of differences among average complement
levels for the 3 test groups. The analysis of
variance for each of the 3 groups is shown in
Table 1.

Variation in complement activity is seen to
be greater from patient to patient than among
repeated tests on individual patients. Conse-

Analysis of Variance.

Required F at
Source of variation D.F. Variance F 5% 1%
Total 177
Normal vs tuberculous 1 816.83 35.23* 3.93 6.88
Tuberculous vs ACTH tuberculous 1 57.85 2.50 3.93 6.88
Between patients 64 63.08 2.73* 1.45 1.67
Within ” 111 23.13

* F value highly significant,
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quently these 3 groups of data were com-
bined to form an estimate of error against
which differences in complement levels among
the 3 groups could be tested for significance.

Means of the 3 groups of subjects are shown
in Table II and the combined analysis of vari-
ance in Table III.

Table 11 shows that the highest complement
activity occurred in tuberculous patients and
the lowest in normal individuals (the larger
the 50% unit, the less the complement activ-
ity). Analysis of variance shows this differ-
ence to be highly significant. The variance for
the difference between the 2 groups of tuber-
culous patients, however, is not significant,
being of about the same order as the variance
between tuberculous patients, indicating that
the difference between the tuberculous and
tuberculous-hormone groups might be attrib-
uted to random sampling.

Comparison of complement levels on indi-
vidual patients during course of ACTH admin-
istration. By plotting complement levels
against time it was found that the trend was
toward increased activity after long continued
treatment. It is not marked nor is it imme-
diate, a noticeable plateau being evident. A
significant correlation of 0.32 was obtained
between pairs of complement levels and time,
indicating increased complement activity with
continued ACTH administration beyond any
variation attributable to random sampling.

Correlation of complement levels with elec-
trophoretic components. Scatter diagrams pre-

pared by plotting each electrophoretic com-
ponent (albumin, alpha 1 globulin, alpha 2
globulin, B-globulin, gamma globulin and
fibrinogen) against complement levels of iden-
tical blood samples showed that only in the
case of gamma globulin was a trend evident.
Fig. 1 illustrates the tendency for decreased
gamma globulin to be associated with in-
creased complement activity. The above sets
of a complement-gamma globulin level give a
highly significant coefficient of correlation
(0.729, calculated F 34.32**, tabulated F at
1% level 7.56).

Discussion. Ecker(4) has pointed out that
many apparent contradictions and inconsisten-
cies in the literature can be attributed to lack
of uniform technic and to inadequate defini-
tion of the limits of normal and abnormal
complement titers. In this study an average
50% unit of 0.0030 ml was obtained for the
normal group, which closely agrees with that
found by Traub (0.0031-0.0032 ml) (12), who
found no significant differences attributable to
age, sex, blood groups or seasonal influence.
Dulaney(5) found the median 50% unit in a
group of normals to be 0.0045 ml, while Pohl
and Rutstein(13) found a median 50% unit
of 0.0049 ml. In this study, on the basis of
group comparisons, the complement level of
the tuberculous group was significantly higher
than that of the normal group. References to
complement levels of tuberculous patients ex-
pressed in 50% units were not found in the
literature.

True complement titers of sera might con-
ceivably be masked by the occurrence of
natural heterophile antibody, known to influ-
ence the extent of hemolysis. Traub, however,
found the 50% complement units of 10 sera
which contained large amounts of heterophile
antibody to be unaffected(12). Moreover in
the present series, heterophile antibody was
detected in only a few cases; in any case, dilu-
tions of serum used for complement determina-
tions would have obviated possible error from
this source.

ACTH administration is known to result in
alterations in serum proteins and gamma glob-
ulins may be significantly reduced in a variety
of diseases. Some investigators have observed
a lag period after ACTH before the decrease
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in gamma globulin occurs(14). In the tuber-
culous group in the present study, elevated
gamma globulin fractions tended to approach
the normal after initiation of treatment. This
decrease, coupled with the marked tendency
for the association of decreased gamma globu-
lin and increased complement activity, indi-
rectly indicates increased complement activity
after the hormone, as does the significant
correlation between complement activity and
time after treatment. Failure to detect a sig-
nificant difference in the large group analyses
between the means of the tuberculous group
and the tuberculous-hormone group might be
attributed to inclusion of results during a lag
period in some of the treated patients, which
would minimize the difference between the
means of the 2 tuberculous groups and thus
account for lack of agreement in the 2 meth-
ods of analysis.

It is known that serum globulin solutions
are often anticomplementary(15,16). Davis
and his coworkers(16) found that gamma
globulin separated from human serum by elec-
trophoresis was anticomplementary in high
dilution but that recombination with other
constituents, notably g-globulin, inhibited
this property. Vaughan, Bayles, and Favour
found decreased gamma globulin levels and
raised complement titers in 4 cases of lupus
erythematosus disseminatus treated with
ACTH(17). Carey, Harvey, and Howard
(18) confirmed these results in lupus ervthe-
matosus and also in periarteritis nodosa
treated with ACTH. In the present study,
also, a highly significant negative correlation
between complement and gamma globulin
levels was observed following ACTH treat-
ment. There was complete lack of correla-
tion, however, between complement content
and B-globulin, as well as alpha 1 and 2 glob-
ulins, albumin and fibrinogen.

If complement activity were mediated
through the gamma globulin content, then, in
view of the consistent decrease in gamma glob-
ulin after ACTH administration in most of the
patients in the present study, simultaneous
elevation in complement levels would be ex-
pected. Results on the hormone group alone
show an elevation, indicated by the significant
negative correlation between complement lev-

els and time. In the group comparisons, dim-
inished complement activity was not noted in
the untreated tuberculous group, which would
be expected to have elevated gamma globulins.
Unfortunately, electrophoretic patterns were
not obtained on this particular group of sub-
jects.

It would appear that a number of im-
munologically important factors are operative
in influencing the amount of titratable comple-
ment, such as the binding of complement by
“normal” gamma globulin, inhibition of the
anticomplementary effect of gamma globulin
by B-globulin and albumin, the observed re-
ciprocal relationship of complement and
gamma globulin levels in some diseases, the
observed in vivo binding of complement by
antigen-antibody complexes and probably
others. Evaluation of results would depend
upon knowledge of the interplay of these fac-
tors and the extent to which each is operative
in any one individual.

Summary. 1. Fifty per cent hemolytic
units of complement determined on groups of
normal individuals, tuberculous patients and
tuberculous patients receiving ACTH showed
highest activity in the tuberculous group and
least activity in the normal group. Analysis
of variance showed differences between the
complement activity of normal and tubercu-
lous individuals significant. 2. A significant
correlation was observed between complement
levels and time after hormone administration
indicating a trend toward increased comple-
ment activity (decreased 50% unit) after long
continued ACTH administration. 3. A highly
significant correlation was seen between the
concentration of gamma globulin and comple-
ment level, increased complement activity be-
ing associated with decreased gamma globulin
concentration. No correlation between com-
plement activity and other electrophoretic
components (albumin, alpha 1 and alpha 2
globulins, B globulin and fibrinogen) was
observed.

An expression of appreciation is due Dr. Marjorie
Sutherland for the statistical analysis.
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An adverse effect of adrenal hormone over-
dosage on the course of experimental infections
has been reported(1,2). A higher incidence
of positive blood cultures was noted in animals
receiving cortisone who were infected with
Group A streptococci and pneumococci(1,3).
Some studies have shown a diminution in the
inflammatory response(1,4,6). The cause of
the increased incidence of bacteremia has not
been shown but may be attributed to the
failure of the inflammatory response to local-
ize the pathogen at the site of injection or to
the failure of the splanchnic vascular system
to remove the bacteria after they have entered
the blood stream. Gordon and Katsh(5)
have demonstrated that adrenal insufficiency
lowers endothelial phagocytosis and decreases
the removal of particles in the liver and spleen.
This report deals with the effects of overdosage

* This work was supported in part by a research
grant from the National Institute of Arthritis and
Metabolic Diseases of the National Institute of
Health, Public Health Service and the Anna H.
Hanes Research Fund.

¥ Markle Foundation Scholar,

of ACTH and cortisone on the ability of an
animal to remove a non-encapsulated organ-
ism. There is no difference in the removal
rate of such an organism before and after
chronic adrenal stimulation.

Healthy 4 to 4.5 kg rabbits were maintained
on a mixture of rabbit chow and oats with no
periods of fasting. The animals receiving
adrenocorticotrophic hormone (ACTH, Wil-
son’s) were given 10 units every 4 hours for
24 hours before study. The animals receiv-
ing cortisone were divided into 4 groups. Two
groups were studied at 4-5 hours after a single
intramuscular or oral dose of 25 mg cortisone.
The 2 remaining groups were studied after 4
days of therapy with 25 mg of cortisone a day
given intramuscularly or orally, the last dose
being given 4-5 hours before study. A bac-
teremia was maintained by constant infusion
into a marginal ear vein of hemolytic Micro-
coccus pyogemes var aureus, coagulase posi-
tive. The splanchnic removal rate was de-
termined by passing a catheter into the hepatic
vein and comparing the number of bacteria
found in cultures of the blood drawn simul-



