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It has been stated that normal human cere-
brospinal fluid (CSF) does not contain comple-
ment (1, 2). Complement (C') has been noted,
however, in CSF from occasional cases of menin-
gitis and its presence has even been used as an
indication of the permeability of the meningo-
vascular barrier (Weil & Kafka, in Katzenelbogen
[1]). It has also been claimed that the absence
of C' activity in normal CSF was due to lack of
midpiece (3).

Since these observations were made, more sen-
sitive methods for the estimation of C' have be-
come available. These are based upon the spectro-
photometric measurement (4) of the 50 per cent
hemolytic unit (C'aso) in the presence of adequate
amounts of Ca** and Mg* (5, 6). Improve-
ments have also been made in the tests for the
four recognized components of C' (7). The
question of the presence or absence of C' in spinal
fluid was therefore reexamined with the help of
these methods.

Because rather large quantities of CSF were required,
samples collected prior to the taking of pneumo-encephalo-
grams were used.2 Cases showing infections of the cen-
tral nervous system were excluded; otherwise, few of the
samples could be considered entirely normal CSF. The
fluids are listed in the table in order of increasing total
protein content, with the hospital discharge diagnoses of
the patients. All samples were examined for red blood
cells, and when unusual numbers of these were found the
fluids were excluded, since any C' found might have been
due to adventitious admixture with blood.

About one-third of the fluids showed C’ activity when
tested directly by addition of 4 or 5 ml. to 1.5 ml. of a
suspension of sensitized sheep red cells and sufficient
buffer to give a total volume of 7.5 ml. as described by

1 The work reported in this communication was carried
out in part under the Harkness Research Fund of the
Presbyterian Hospital and in part under a grant from
the Rockefeller Foundation.

2 The authors wish to thank Dr. Elvin A. Kabat,
Neurological Institute, New York City, and Dr. Hattie
E. Alexander, Babies’ Hospital, New York City, for
the fluids.

Mayer et al. (4-6). Samples showing less than 3 per
cent lysis are listed as non-lytic since the optical densi-
ties in the spectrophotometer were roughly only double
those of the blanks.

At this low level, however, the test for C' is extremely
insensitive as the von Krogh equation relating the quan-
tity of C’ to hemolysis (4, 5) indicates that 0.5 of a 50
per cent hemolytic unit is required to give 3 per cent
hemolysis. An indirect method of estimation of C' ac-
tivity was therefore considered more appropriate, and the
samples were also tested by addition of preferably several
different volumes to an accurately estimated portion of
diluted human serum C’ approximating a 50 per cent
hemolytic unit, 1.5 ml. of a suspension of sensitized red
cells and sufficient buffer as above.

The quantity of human C' to be used may be deter-
mined as follows: A 1:50, 1:75, or 1:100 dilution of
human serum, depending upon its C’' activity, is made
up in the saline-veronal buffer containing 0.0005 M MgCl.
and 0.00015 M CaCls as described by Mayer et al. (5).
With the aid of calibrated pipettes, accurately measured
1.5, 2.0, and 2.5 ml. portions of the diluted serum are
mixed into 50 ml. centrifuge tubes containing 1.5 ml.
(5X 10°) sensitized sheep erythrocytes and the above
buffer, to make a final volume of 7.5 ml. The tubes are
capped and, after incubation in a water bath at 37° C.
for 45 min., with occasional shaking, are centrifuged for
10 min. at 2000 r.p.m. The supernatants are decanted
with care and the degree of hemolysis is estimated spec-
trophotometrically and the C'mso calculated (4). The
optimal amount of human C’ to which to add the CSF
is in the range 0.8 to 0.9 C'ms, and in this range an
increase of 0.03 C'mso should be significant. The human
C', if sterile, may best be preserved in small sealed glass
ampoules in a CO: box. Once it has been standardized,
a fresh ampoule may be opened for each set of CSF,
but blanks, in duplicate, containing the predetermined
volume of C' dilution and the hemolytic system should
always be run along with the tubes containing C' and
CSF.

In_all but two CSF samples tested with a fraction of
a C'mso of human C', an increase in hemolysis was noted
over that of the C' itself. The results of these experi-
ments are given in Table I as the difference in 50 per
cent hemolytic units (C'as) above that of the control
human C’' dilution alone. These values are not all di-
rectly comparable, since only nine samples were tested at
different volumes and six with more than one fraction of
a C'mo. For example, CSF 21 was tested by addition
of 1.0, 2.0, and 40 ml. to 0.8 C'mx of human C' and
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TABLE 1
Complement and its components in spinal fluids from patients with various conditions
Labora- com]l);l:;‘n:fechfxtent Tests for components of C’
mtx'(t)nrger Total
of Diagnosis pro- Increase in 50%
cerebro- tein* |Lysis| hemolytic units by
spinal y | 4 ml. 4 serum C’ c1 (o] (o] C'4
uid 4 ml. over lysis by
serum C’ control
mg.
160 | per
ml. | cent
9 | Post-traumatic 710 0 + +
encephalopathy
10 |Low L.Q. 1910 0.06
12 | Suspected brain 2210 0.10 ++4++,++++| 4+, = ++++ ++
tumor
6 None 23 | Of 0.14%
1 None 24 | 4t 0.02%
13 | Idiopathic epilepsy 2810 0.27, 0.13%
7 | Diffuse cortical 29 |3 0.07¢ +++ +
atroﬂ?r
15 | Encephalopathy due | (30) | 3 0.12 +4+ +, +H +++E, ++++H | L, +H+E
to trauma
18 | Mild cerebral 320 0.08, 0.09
atrophy
5 Post-concussion 33 | 5t 0.24%
syndrome
8 | Suspected cerebellar | 35 { 0 0(?) ++++, +4+x |+, + +++ ++
tumor
26 | Cerebralatrophy and | (36) | 0 0.06
arteriosclerosis
19 | Glioma 38)| 0 0.22
28 | None 40 |0 0.11 +4+ + =+ ++++
2 | None 41 169t 0.50% ++++ +, £
16 | None 41 |0 0.07 +4+4 +, + ++ +4++
22 | Cerebral atrophy 46 | 0,0{ 0.10, 0.19§ ++++ =+, + +++=+ +++
14 | Arteriosclerotic (50)| 5,2 0.46, 0.13]}
encephalopathy v
20 | Suspected brain 60)| 0 0.39 ++++ +,+ +++4 ++
tumor, diffuse
cortical atrophy
11 | Glioblastoma 8 |0 0.16**
21 | Glioblastoma 92 10,0 0.55tt ++++ ++ ++++ ++++
29 Braix:l tucll'nor, type 100 |229 0.531t
undetd.

* Analyses by the laboratories of the Neurological Institute and the Babies’ Hospital. Values in parentheses were
carried out on another sample taken within one week.

1 5.0 ml. CSF used. 1.0 ml of CSF 5 increased the activity of human C’ by 0.1 C’mso; 1.0 ml. of CSF 6 gave an
increase of 0.03 C'mso; 1.0 ml. of CSF 7 gave no measurable increase. The value of 0.02 C'ggo for CSF 1 is considered
significant only in connection with the positive direct test.

The second value was obtained after storage in the CO; box for 5.5 months in a rubber-capped bottle. The
sample absorbed much CO. and the acidity was neutralized with 0.1 N and N NaOH before the tests were run. Identical
values were obtained with 2.5 and with 4.0 ml. of the sample, indicating an anticomplementary effect for the larger
amount. This occurred whether the additions were made to 0.6 or to 1.2 C’gso of human C'.

fAfter 4.5 months in the dry ice box.

| After five months in the dry ice box.

9 3.0 ml. gave only 10% hemolysis, but this corresponds to 0.62 C'gso, a value proportional to that for 4.0 ml., 0.78.
Hence the sample had no anticomplementary effect in the larger amount. X

** Although negative in its original state, a portion, dialyzed under negative pressure in the cold to one-fourth its
volume in a period of five days, showed 7%, lysis on the direct test with 4.0 ml. and 0.31 increase in C'gso with 2.0 ml.
on the indirect test, equivalent to 2% and 0.16 C’Hso on the original volume, with no allowance for deterioration. The
initial indirect test showed 0.03 C’mso.

tt With 0.84 C’ms of human C’, 1.0 ml. CSF 21 gave an increase of 0.15 C’ms, 2.0 ml. an increase of 0.30. In an-
other experiment with 1.27 C’gy, 3.5 ml. gave an increase of only 0.20.

11 Obtained with 3.0 ml. An increase of 0.33 C'gso was given by 2.0 ml. This sample, also, was not anticomple-
mentary in the quantities used. In this instance, also, there was little difference whether the test was carried out with
0.9 or with 1.3 C'mso. It appears preferable, however, to add the CSF to somewhat less than 1 C'mso of human C’, since
the lytic curve flattens out greatly above 1.3 units and the uncertainties of analysis are therefore greater.
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showed a greater increase in lysis per milliliter of CSF
the smaller the amount of CSF used. A 1.0 ml. por-
tion of CSF 5 also showed a relatively greater increase
in lysis than the 4.0 ml. sample, but this was not true of
CSF 6. Similarly, CSF 13 caused a relatively greater
increase at the 2.5 ml. level than at 4.0 ml, but CSF
14, 18, and 22 did not. It is therefore probable that the
results given for some of the other CSF samples do not
represent maximal values but reflect instead a balance
between the activity of C' and the anticomplementary
properties of the individual CSF.

Qualitative tests of C’' components were also made in
many instances, with reagents for C’'1 and C'4 prepared
from guinea pig serum according to Bier et al. (7).
Tests for C'3 were made with a reagent obtained by
incubation of 1.0 ml. of guinea pig serum with 0.4 ml.
of a 1:1000 dilution of “Liquoid” in 0.85 per cent saline
for 15 min. at 37° C. and dilution of the resulting mix-
ture with saline to ten times the original serum volume.3
C'2 was tested for indirectly by noting any increased
lysis of sensitized sheep red cells over that caused by a
fraction of a unit of human C' in the presence of heat-
inactivated guinea pig C' to provide adequate amounts
of C'3 (cf. 7). The results are reported in the table
as the highest degree of lysis from 0 to ++++
above that of the reagent controls. In tests for
C'1l, C'3, and C'4 the reagent controls showed no lysis
but in two series of tests for C'2 the human C'
plus inactivated guinea pig C' controls gave ++ and
+++ hemolysis, respectively. In the table, therefore,
+ for C'2 represents an increase in lysis to +++ or
++++, respectively.

The tests for components indicated that all were
present in varying amounts in human CSF with-
out any obvious correlation between the strength
of the test for a component and total protein con-
tent of the CSF. It is difficult to account for the
failure of CSF 8, 12, 16, and 21 to show lysis in
the direct test when all four components of C'
could be shown to be present and when CSF 21,
especially, gave such high values at different
levels in the indirect test. Possibly, even though
C'2, the limiting component of human comple-
ment (7), was present in these samples its amount
may have been insufficient either to equal a meas-
urable fraction of a C'mso in 4 m]., the largest
quantity used in the direct test, or to overcome
the anticomplementary properties characteristic of
this larger quantity and not present in 1 or 2 ml.
Moreover, the tests for the components were car-
ried out in a volume of 0.8 ml, so that the con-

8 Unpublished communication: from Professor Graciela
Leyton, Santiago, Chile.
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ditions of these tests were very different from
those for total hemolytic activity.

A surprising feature of the component tests
was the weakness of many of those for C'4, a
component usually present in very high titer in
the C' of human serum (7). No attempt was
made to titrate the level of C'4.

In some of the cases of this series, such as those
with post-traumatic encephalopathies or with brain
tumors with CSF in the high total protein range,
the presence of C' might be accounted for by
alterations in the permeability of the meningo-
vascular barrier. There are, nevertheless, other
CSF samples showing C' activity in which the
total protein was within the normal range and the
diagnosis indicated no disturbance which would
be expected to alter the permeability of the barrier.

The principal outcome of the present studies,
therefore, has been to demonstrate the presence
of C' or its components in almost all of a series
of 22 CSF samples, without obvious relation to
the diagnoses of the cases from which the sam-
ples were taken or to the protein content of the
fluids. Owing to the limitations of the tests
themselves and the difficulties of their interpreta-
tion it would require study of a very large series
of CSF samples before satisfactory answers could
be given to questions relating the presence or
absence of C' or its components in CSF to the
physiology or pathology of the meningo-vascular
barrier, or to the diagnosis of any particular dis-
ease. It is hoped that the positive findings, on
the other hand, will serve to encourage a more
detailed and lengthy study.

SUMMARY

1. About one-third of the samples of CSF taken
prior to pneumo-encephalography showed hemo-
Iytic C’ activity when tested directly with sensi-
tized sheep red cells.

2. All but two of 22 samples tested increased
lysis by a fractional unit of serum C'.

3. Qualitative tests for the four components of
C’ indicated their presence in those samples in
which tests were made for all.

4. C' activity has been demonstrated in CSF
containing protein in normal concentration and
in CSF from patients with clinical diagnoses
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compatible with a normal permeability of the 4. Mayer, M. M, Eaton, B. B,, and Heidelberger, M,
P 1 ier. Spectrophotometric standardization of complement

meningo-vascuiar barrier for fixation tests. J. Immunol., 1946, 53, 31.

5. Mayer, M. M,, Osler, A. G., Bier, O. G., and Heidel-
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ASSOCIATION ANNOUNCEMENT

The 41st annual meeting of the American Society for Clinical In-
vestigation will be held at the Chalfonte-Haddon Hall, Atlantic City,
N. J., on Monday, May 2, 1949, at 9 a.m.

For those who may be interested, the annual meeting of the
American Association for Research in Psychosomatic Problems will
be held at the same hotel on Saturday, April 30, at 9 a.m., and Sunday
morning.

The annual meeting of the Association of American Physicians
will be held on Tuesday and Wednesday, May 3 and 4, also at the
Chalfonte-Haddon Hall.



