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In a previous paper (1), normal standards of
hemolytic complement activity of normal human
serum were established by an accurate quantita-
tive technique (2) and striking decreases were
reported occurring during pneumococcus pneu-
monia, during serum sickness, and after intra-
venous type-specific antipneumococcus serum,
but not after intravenous sulfonamide adminis-
tration. The complement titrations were, in the
majority of cases, performed within 48 hours of
the time that the blood was collected, although a
few specimens were titrated as long as 72 hours
after collection.

Probably because of its importance in many
laboratory tests, the deterioration of complement
activity of guinea pig serum has been more inten-
sively studied than has that of humans. Nattan-
Larrier and Grimard (3) studied the rate of
deterioration of guinea pig complement activity
at 5°C., using 100 per cent hemolysis as the end-
point. They found that the complement ac-
tivity disappeared in 25 per cent of the specimens
kept from 9 to 15 days. Pierret and Breton (4)
found that guinea pig serum kept on ice lost 60
per cent of its complement-fixation power in 8
days and 90 per cent in 15 days. Norton,
Barfield, and Falk (5), using guinea pig, rabbit,
and swine serums, found that complement ac-
tivity according to Kolmer's technique deteri-
orated rapidly at 37°C., activity disappearing
within 3 days; while at 4 to 6°C., the original
activity was retained for 48 hours, and in 7 days,
the unit was 2 to 3 times as much as that of fresh
serum. Bigger (6), using guinea pig serum,
stated that 75 per cent loss of complement ac-
tivity occurs in 87 hours at 20°C., whereas an
equal loss is not noted before 165 hours at 9°C.
The method used was Dreyer's modification of
Jorgenson and Madsen's technique, where one

1 This study was aided in part by a grant from the John
and Mary R. Markle Foundation.

unit of complement activity is that amount
which will cause 60 per cent hemolysis of a
sensitized sheep cell suspension. Williamson (7)
stated that serum centrifuged to perfect clearness
loses one-third of its complement activity in 5
days at ice-box temperature. It is evident that
different techniques, at varying temperatures,
make it impossible to compare these results.

A similar situation exists, with fewer available
data, concerning the rate of deterioration of
complement activity in human serum. Nattan-
Larrier and Grimard (3) showed that the com-
plement activity of human serum at 5°C. disap-
peared, in 70 per cent of the cases, after 9 to 15
days. They further observed that complement
activity was absent in 41 per cent of human sera
kept for 4 days. Bergenhem (8) cites Massol
and Grysez to the effect that human serum loses
its complement activity after one-half hour at
37°C., while it is characteristic of complement
activity that at 20°C. or under, a relatively long
time is necessary until it completely disappears.

In the light of these varying reports, it seemed
desirable to study further the normal limits and
the progressive deterioration of hemolytic com-
plement activity in specimens of human blood
serum, by an accurate quantitative technique
(2), at temperatures to which blood specimens
are commonly exposed, i.e., refrigerator tem-
perature (6°C.) and room temperature (230 to
250C.).

MATERIALS AND METHODS

Complement activity was estimated in the blood serum
of 71 normal individuals of both sexes. Blood specimens
were collected by venepuncture and allowed to clot, cen-
trifuged, and the serum pipetted into sterile, dry tubes
which were tightly corked when not in use.

Titrations were determined by the technique of Wads-
worth, Maltaner, and Maltaner (2). Briefly, the main
points in this technique are as follows: A series of tubes
containing sensitized sheep red cells, plus varying dilutions
of the serum to be tested, are placed for 15 minutes in a
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water bath, kept at 370 C. The amount of hemolysis in
each tube is determined by comparison with carefully pre-
pared standards and then plotted on a logarithmic scale.
A straight line can then be drawn through these points to
determine the hemolytic complement activity. The end-
point in this standardized system is that amount of serum
which is required to produce 50 per cent hemolysis. The
advantages of this method over those dependent upon the
choice of the one tube in which hemolysis begins or ends
have been reported by Wadsworth, Maltaner, and Mal-
taner (2).

Complement activity is reported in this study in terms of
the volume of blood serum in miUiliters required to produce 50
per cent hemolysis. Since the volume required is inversely
relatd to the complement activity, the larger the number of
milliliters indicated, the lower the complement activity in the
specimen of blood serum, and vice versa.

NORMALCOMPLEMENTACTIVITY

The complement activity in the blood serum
of 71 apparently healthy individuals has statis-
tically a "normal" distribution as shown in
Table I.

No specimen had an index of activity lower
than 0.0066 ml. or greater than 0.0028 ml. The
great majority of the serums had a complement
activity between 0.0040 and 0.0059 ml. The
median was 0.0049 ml.

Specimens of blood serum of 62 persons, whose
ages were known, were grouped according to age,
as in Table II. The ages ranged from 10 to 84
years and the differences in the medians for each
group are not significant. Table III shows the
grouping of the indices of complement activity
of specimens of blood serum of the same 62
persons according to sex and no significant dif-
ferences were noted. The findings with respect
to age and sex are consistent with those reported

TABLE I

Distribution of complement activity* of the serum
of normal individuals

Volume of serum* Normal persons Median

iM. Va.
0.0020 to 0.0029 1
0.0030 to 0.0039 7
0.0040 to 0.0049 28
0.0050 to 0.0059 27
0.0060 to 0.0070 8

Total 71 0.0049

* Complement activity is inversely related to the
volume of serum required to produce 50 per cent hemolysis
in a standardized system. Therefore, an increase in
volume indicates a decrease in complement activity, and
a decrease in volume indicates an increase in complement
activity.

TABLE II

Compemet activity* of the serum of normal individuals
grouped according to age

Number Volume of serum*
Age of

cases Range Median

years ml.
10 to 29 30 0.0033 to 0.0063 0.0049
30 to 49 22 0.0037 to 0.0065 0.0045
Over 50 10 0.0044 to 0.0058 0.0052

* See note under Table I.

by Meisel and Wasilkowska-Krukowska (9),
where the unit used was the smallest amount of
blood serum causing the first trace of hemolysis.

Specimens from 41 cases, the total for which
the information was available, were grouped
according to the number of days between the
collection of the specimen and the test for com-
plement activity. Between the time of collec-
tion and the time of testing, the specimens were
refrigerated at 6°C. Seventeen specimens were
tested on the same day they were collected; 18
specimens, 1 day after; and 6 specimens, 2 days
after collection. The variations in the median
complement activity (Table IV) of these groups
of blood serums, kept at 60C., tested at different
intervals following collection, are not significant.
Moreover, these changes were insignificant when
compared to the relatively large decreases in
complement activity occurring during pneu-
monia, during serum sickness, and when type-
specific antipneumococcus horse and rabbit
serums were administered intravenously to pneu-
monia patients (1).

DETERIORATION OF COMPLEMENTACTIVITY AT

REFRIGERATORAND ROOMTEMPERATURE

The blood serum of each of 17 normal indi-
viduals was divided into 2 portions, one of which
was kept at 6°C. and the other at 23 to 25°C.
Tests were done at intervals until the comple-
ment activity was well below the normal range
(over 0.0066 ml.). The general trends of the
progressive deterioration of complement activity
are charted in Table V, where, for the sake of
clarity and brevity, only the median values are
shown. The median complement activity of
blood serum stored at 60C. is reduced below the
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lower limit of normal within 11 to 13 days;
whereas at 23 to 25°C., it requires only 2 days
to be reduced to the same extent.

Table V also shows the median percentage
decrease in complement activity after storage
at room and refrigerator temperature. The
decrease in activity progresses with time. Thus,
after 2 days at room temperature, median com-
plement activity is reduced 46 per cent, while at
refrigerator temperature, it is reduced 44 per cent
in the interval of 11 to 13 days; and on the fourth
day at room temperature, the median comple-
ment activity is reduced more than 117 per cent
whereas 14 to 17 days at refrigerator tempera-
ture are required for similar reduction in activity.

TABLE III

Compemen activity* of the serum of normal individuals
grouped according to sex

Number Volume of serum*
Sex of

cases Range Median

ml.
Males 46 0.0033 to 0.0065 0.0050
Females 16 0.0039 to 0.0060 0.0047

* See note under Table I.

Complement activity of individual specimens
of blood serum decreased to below the normal
range (over 0.0066 ml.) at refrigerator tempera-
ture (6°C.) on the following days: 2 on the second,
6 on the seventh, 3 on the 11th to 13th, and 6
on the 14th to 17th. At room temperature
(23 to 25°C.), the complement activity dropped
to similar levels on the following days: 1 on the
first, 5 on the second, 2 on the third, 3 on the

TABLE IV

Complement activity* of the serum of normal individuals
grouped according to the number of days between

coUection of the specimen and testing

Number Volume of serum*
Days of

Range Median

ml.
0 17 0.0039 to 0.0061 0.0049
1 18 0.0036 to 0.0066 0.0045
2 6 0.0028 to 0.0065 0.0052

* See note under Table I.

TABLE V

Complemen activity* of blood serum of 17 normal individuals
according to the number of days of storage and its rate

of deterioration at refrigerator (60 C.) and
room temperatures (23 to 25° C.)

Days Median volume of serum* Increase in median volume*
of

storage 60 C. 23 to 250 C. 60 C. 23 to 250 C.

ml. Per cent
0 0.0046 0.0046
1 0.0050 0.0052 8.7 13.0
2 0.0067 45.7
3 0.0053 0.0081 15.2 76.1
4 0.01 > 117.4
5 0.0054 17.4

6 to 7 0.0064 39.1
8 to 10 0.0064 39.1

11 to 13 0.0066 43.5
14 to 17 0.01 >117.4

* See note under Table I.

fourth, 4 on the fifth, and 1 on the seventh day.
It is to be noted that the lowest level of the
normal range still represents a significant quan-
tity of complement activity. If an arbitrary
point such as 0.01 cc. is selected, where most of
the complement activity has disappeared, the
changes in individual specimens fall into a some-
what different pattern. At refrigerator tem-
perature (6°C.), complement activity reached
this arbitrary level on the following number of
days: 1 on the third, 3 on the sixth to seventh, 3
on the 8th to 10th, 2 on the 11th to 13th, and 8
on the 14th to 17th. At room temperature (23
to 25°C.), complement activity reached the same
arbitrary level on the following number of days:
2 on the third, 4 on the fourth, 8 on the fifth,
2 on the sixth to seventh, and 1 on the eighth.

CONCLUSIONS

1. In normal individuals, the median amount
of human blood serum required to produce 50
per cent hemolysis of a standardized sheep red
cell suspension is 0.0049 ml.

2. The median is not significantly changed by
age, sex, or a 48-hour delay, at 6°C., between the
time of collecting and of testing.

3. At refrigerator temperature (6°C.), the
median complement activity of specimens of
human serum is reduced beyond the lower limits
of normal in 11 to 13 days. The median per-
centage decrease in this time interval is 44 per
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cent. At room temperature (23 to 25°C.), there
is a similar reduction in 2 days.

We wish to acknowledge the cooperation and advice
extended to us by Dr. Frank Maltaner of the Division of
Laboratories and Research of the NewYork State Depart-
ment of Health.
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