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CHAPTER I
INTRODUCTION

The consequences of the immune response in animals
after contact with an antigen have been given considerable
attention since Bordet (3) in 1896 first demonstrated that
a humoral factor other than specific antibodies was neces-
sary for bacteriolysis in immune serum. He noticed that
there was a thermolabile factor in this serum which influ-
enced its ability to lyse bacteria, It was found that
this factor could be inactivated by heating to 56 degrees
C and thus confirmed the earlier work of Traube. Traube
had observed that all fresh blood was naturally bacteri-
cidal and was influenced by the thermolability of some
component of the sexuﬁ. Bordet alsc found in his investi-
gations that lysis by immune serum was not restricted to
bacteria, but that guinea pig serum from animals injected
with rabbit blood would lyse fresh rabbit red blood cells,

These early investigations established the existence
of alexin, or complement, and stimulated other investigators

to attempt to determine the true nature of this substance.



Zinssexr (17), in 1939, reviewed the early investigations
of Nuttall, Buchner, and Pfeiffer done in the years 1886~
1894. Nuttall's work revealed that the lytic action of
immune serum was weakened after aging. Buchner, in 1889,
also demonstrated the heat lability of some portion of
the blood serum. He named this substance alexin. In
1894, Pfeiffer demonstrated the bacteriolytic ability of
guinea pig peritoneal fluid to lyse cholera organisms
after the animals had recovered from an experimental in-
fection of cholera, Morgenroth and ZBhrlich conducted
later investigations and found that the activity of com-
plement could only be determined as the result of forma-
tion of an antigen-antibody complex, and proposed the
name complement.

Ferrata, in 1907, was the first to recognize that
complement does not exist as a single entity. He detex-
mined that there are at least two fractions, Today it
is generally accepted that complement exists in at least
four fractions designated as C'1, C'2, C'3, and C'4,
Recent investigations of Brumfield (4) suggest the exist-

ence of two additional components, C'5 and C'6,

The chemical identity of the components of complement

has partially been established. C'l is a euglobulin and



is heat labile, being destroyed by heating to 50 degrees C
for 30 minutes and pxeciﬁitates when serum is dialyzed
against water, C'2 has been identified as a muco-euglobu~
lin and is also heat labile. Closely associated with the
C'l fraction is C'3, a euglobulin which can be differ-
entiated from C'l in that it is more heat stable, with~
standing 56 degrees C for 20 minutes. C'3 is inactivated
with yeast cells or zymosan, a carbohydrate derivative of
yeast cells., The C'4 component is a muco-euglobulin
closely associated with the C'2 fraction; however, it is
more heat stable than C'2, tolerating 56 degrees C for
20 ninutes, It is easily inactivated by ammonia or hydra-
zene, C'5 and C'6 have not been completely identified,

Numerous attempts have been made to discern the site
of biosynthesis of complement. However, the identifica-
tion of an isolated system as a source of complement has
been as evasive as attempts to determine the location of
antibody synthesis., At present, the liver, the leukocytes,
and the reticuloendothelial system do not appear to be
directly concerned with complement synthesis,

Complement has been shown to be closely associated

with serum proteins,., Cushing (3) states that it must be
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considered as a function of serum proteins. Ecker (8) has
substantiated this statement in reporting that as muéh as
90 per cent of the activity can be separated in a fraction
of the serum globulins.

Becker (2) has recently confirmed the earlier works
of Pillemer (14) as to the order of reactivity of the vari-
ous components in immune hemolysis. Both have shown that
C'4 is the first component fixed to the immune aggregate.
This is followed by fixation of C'l and C'2 and is a pre-
requisite for the binding of these two. C'3 was Ffound to
remain in solution. Becker has also demonstrated that C'l
does nothing more to the sensitized cell than to attach
itself., However, he has postulated that it has an en-
zymatic action on C'4 and C'2 which leads to their being
bound. |

The importance of complement in normal and immune
animals has been given much consideration, with various
viewpoints being established. The necessity for comple-
ment in resistance to disease was noticed by Moore in
1919 (11). He found that a group of complement deficient
guinea pigs were much more susceptible to cholera infec~
tion than were normal animals. Later, Ecker (7) found

that complement is frequently reduced during the course



of an infectious disease, especially in the C'4 component,
His data showed that most patients succumbed when their
C'4 titer was low, This seems to indicate the importance.
of C'4 in the immune response. Nungester (13) has re-
ported that there was a 34 per cent mortality in patients
who had experienced a decrease in their C'4 titer. Re~-
cently Schlagenhauf (16) has shown the protective effect
of C'4 by extending the average life span of lymphoid
tunoxr infected mice beyond that of control animals by
injecting them with guinea pig C'4.

Contrxasting evidence has been reported as to whether
or not antigen contact results in an increase in comple~
ment activity. Axelrod (1) and Dozois (6) have both
demonstrated that complement activity is not stimulated
by antigen injéctien. Axelrod, however, found that non-
antigenic substances such as Panothenic acid, thiamin,
biotin, riboflavin, and pyrodoxine stimulated an increase
in complement. Rice (15) has also shown that dextran, a
relatively poor antigen, caused no significant change in
complement activity when injected into guinea pigs. 1In
opposition to the data of Axelrod and Dozeois is that com~

piled by Pillemer (14) and Muschel and Treffers (12).



Pillemer found that there was a slight rise in total com~
plement after antigen injection into guinea pigs. He has
stated that there is a definite non=-specific role which
complenment plays in immunity. This statement is in
agreement with the conclusion of Dozois (6) that the
bactericidal power of a given serum is not only governed
by the amount of antibody present, but also upon the
amount of complement., Muschel and Treffers (12) also
noticed rises in total complement after immunization,
Guthrie (9), on the contrary, could not demonstrate a
significant statistical increase in total complement aftex
antigen injection. However, he did show considerable
increases in the C'4 component after injection of Sal~

monella typhosa, Brucella abortus, or egg white antigen,

In earlier investigations (10) he observed changes in

the C'4 titer of guinea pigs after immunization which led
him to conclude that the increase was due to the ability
of the C'4 fraction to become more resistant to inactiva~
tion or because the immune process had caused an increase
in total veolume of C'4, This work appeaxs to agree with
the findings of Nungester and Ecker who have pointed out
the apparent importance of C'4 in patients suffering from

infectious diseases.



These reports indicating that C'4 must play a sig-~
nificant part in the immune response have suggested that
further investigations be conducted, In this study the
effects of repeated antigen injections on total comple-
ment (C') and C'4 of guinea pig serum were investigated
to determine if constant antigenic stimulation would
show changes in the C' and C'4 titers, Attempts were
also made to correlate any changes with variations in

antibody titers during the repeated antigen injections.
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CHAPTER II
MATERIALS AND METHCDS

Immunization of Animals

The antigens to be tested were injected into healthy
guinea pigs weighing from 125 to 800 grams. The animals
were isolated into sex groups to avoid pregnancy since
this has been shown to induce variation in the complement
titer (1). Stock guinea pigs as well as test animals were
kept in completely air conditioned quarters and were fed
a diet coﬂpos@d of Purina guinea pig chow containing Vita~
nmin C, ocats, and alfalfa hay. They were divided into
test groups consisting of five or six animals,

At least two preimmunization C' and C'4 titers were
taken at bleeding intervals of four days so that compari-
sonsg could be made with postimmunization titers. If
variations were found in the data of the first two titra-
tions, subsequent measurements were made until two titra-
tions in succession showed practically the same results.
The titers were then averaged to establish the preimmuni-
zation titer of each animal.

10
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The antigens to be tested were divided into three
groups, bovine blood serum fractions, antigens of unre=-

lated origin, and Staphylococcus aureus vaccine. All

antigens were prepared with 0,85 per cent sterile saline,
All except the vaccine were diluted to a concentrxation of
five per cent, and each was preserved with phencl in a
final concentration of 0.5 per cent. The S. aureus vac-
cine was prepared from a 24 hour broth culture. Aftex
centrifugation and removal of the supernate, the cells
were washed with sterile 0.85 per cent saline, and then
centrifuged., The supernate was again removed. Sterile
saline was then added until approximately a suspension of
one to three billion per milliliter cells was obtained,
This suspension was kept for stock and subsequently di-
luted to contain one to three million cells per millilitex
for injection. The photometric method of Todd, Sanford,
and Wells (4) for determination of the number of cells per
milliliter was followed. All antigens were injected sub-
cutaneously on the abdomen in 0.5 milliliter amounts.
After standardization of the guinea pigs for C' and
C'4 titers three antigens for each group were selected

except for the groups which were to be repeatedly immunized



12

with Staphylococcus aureus vaccine. The first antigen of

the series was injected every other day for a total of
three injections. 7Two weeks after the first injection
the animals were bled and titered. Four days later they
were titered again and the average was determined. The
same animals were then injected with the second antigen
of the series. The previous injection and titration
procedures were followed. The third antigen of the series
was then injected following the same schedule, The two
groups of animals that were immunized with S. aureus vac-
cine were injected and titered every four days until all
the animals expired,.

Five groups of guinea pigs received a series of in-
Jjections of three bovine blood serum fractions., The first
group was injected with albumen, fibrinogen, and gamma
globulin., Into the second group of animals was injected
albumen, alpha globulin, and gamma globulin, The third
group was immunized with album@n,va mixture of albumen
and alpha globulin, and alpha globulir, In group four
the animals were injected with albumen, a mixture of al-
bumen and beta globulin, and beta globulin, The fifth
group received injections of beta globulin, gamma globu-

lin, and albumen.
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The group of animals that received injections of
antigens of unrelated origin were immunized with Staphy-

lococcus aureus vaccine, ovalbumen, and bovine alpha

globulin., After this series was completed the same ani~
mals were again injected with the initial antigen,/ﬁa
aureus vaccine. The oxiginal injection and titration
schedules were followed, Upon the injection of ovalbumen,
however, all animals expired. Signs of analphylaxis such
as rapid breathing, coughing, and ruffled hair were noted.
All blood specimens for titration were taken by
cardiac puncture from unanaesthetized animals. 1In general
1.5 to 2 milliliters of blood was taken from each animal
and transferred from the syringe directly into a clean
test tube and placed in a refrigerator at five degrees C
for no less than 30 minutes to allow the sample to clot
and to retard degradation of the individual components of
complement. Each of the blood samples was then centrifuged

and the serum removed with a serological pipette and bulb,

Titration of Total Complement and C'4
An aliquot of 0,15 milliliter portion of serum was
taken from the samples from each guinea pig for titration

of the C'4 fraction. A 0.1 milliliter portion was also
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taken from each sample for titration of total complement
and C'4,

To each 0,15 milliliter portion of serum was added
0.45 millilitexr of 0,12 noxrmal ammonium hydroxide. The
mixture was allowed to stand at room temperature for one
and one~half hours. This process inactivated C'4, and
left C'l, C'2, and C'3 active. At the end of the inactiva-
tion period 0.45 milliliter of 0.12 normal hydrochloric
acid was added to each aliquot to neutralize, The serum
was then diluted to 1:100 or 1:200 with a buffered saline
solution containing 8.5 grams of C. P. sodium chloride in
demineralized water, One milliliter of stock buffer was
added to the saline. This stock buffer contained 7.5
grame of magnesium chloride and 2.5 grams of calcium carbo-
nate in 100 milliliters of demineralized water. All titra-
tions were made using the buffered saline. Three 3.5
milliliter alicuots of this serum containing inactivated
C'4 was then added to three samples of untreated serum
and their final volume of untreated serum was adjusted to
1:10,000, 1:15,000, and 1:20,000.

Hemolysin (anti~-sheep red blood cell serum from the

rabbit suspended in glycerine) was diluted to a 1:10,000
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concentration, Cappel sheep red blood cells were washed
with saline until the supernate was clear and then enough
packed cells were added to the hemolysin dilution to obtain
a five per cent concentration of cells. After this treat-
ment, the sensitized cells were incubated for 10 minutes at
37 degrees C and then stored in the refrigerator until use.

In the tests using a 1:100 dilution of serum contain-
ing inactivated C'4 the saline, untreated serum, serum with

inactivated C'4, and sensitized sheep red blood cells were

pipetted into test tubes as shown in the following table,

TABLE I
PROCEDURE FOR TEST TUBE DILUTIONS

_— - - — —— So——
nge Saline Normal Serum T;zi:zd g:gsé;iigd
* Cells
1 3.0 ml 1.0 ml of 1:100 . e 1.0 ml
2 3.0 ml 1.0 ml of 1:400 .« . 1.0 ml
3 0,25 ml 0.25 ml of 1:10,000{3,5 ml 1.0 ml
4 0.25 ml 0.25 ml of 1:15,000}3,5 ml 1.0 ml
5 0.25 ml 0.25 ml of 1:20,00013.5 ml 1.0 ml
6 4,0 ml . . .« e 1.0 ml
7 4.0 ml Hy0 . . . . 1.0 ml
38 3.0 ml o« . 1.0 ml 1.0 ml
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The pxoceduxé outlined in Table I was also used with
the 1:200 dilution of serum containing inactivated C'4,
It was necessary to dilute the serum for inactivation of
C'4 to 1:200 as a result of the high preimmunization titer
that they possessed. The tests in which this dilution was
made were two series of injections with bovine bleood serum
fractions and oné series of repeated injections of Staphy-

lococcus aureus vaccine, The blood serum fraction tests

were those of injection of six animals with albumen, a
mixture of albumen and beta globulin, and beta globulin,
Six other animals were immunized with beta glebulin, gamma
globulin, and albumen,

| In tubes one and two the total complement activity
is measured, Actually, it has been established that these
readings are measurements of the C'2 component since it is
the fraction present in least amount (2)., Test tubes num-
ber three, four, and five yield readings of C'4 activity
since this fraction has been made that present in least
amount and therefore the limiting factor, Tube six is a
negative control and tube seven is a positive control.
Tube eight is a control for determination of the effective~

ness of inactivation of Cl4.
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After all ingredients were placed in the various
test tubes and mixed thoroughly, they were incubated at
37 degrees C for 45 minutes in a water bath. At the end
of this period, they were centrifuged to remove the un-
lysed cells, The supernate was poaured into a cuvette to
be read in a Bausch and Lomb Spectronic 20 colorimeter at
5500 X. The zero adjustment was made using the positive
control and the negative control was used to set the 100
per cent transmittance reading. The per cent transmittance
recordings were converted into 50 per cent hemolytic units
using the conversion tables established by Kabat and Mayer
from the Von Krogh equation (3).

Except for changes in dilutions of various reagents,
the above titration procedure is the same as that proposed

by Kabat and Mayer (3).

Antibody Titrations
In three of the tests antibody titers were also
taken along with the complement titration schedule. Pre-
cipitin titers wexre taken with two of the bovine blood
sexrum fraction tests. One group received a series of in-
jections of albumen, an albumen and beta globulin mixture,

and beta globulin., The other group was immunized with beta
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¢globulin, gamma globulin, and albumen. Agglutination
titers were made on one group of six animals that were

being immunized with Staphylococcus aureus vaccine. Serunm

for these titers was obtained after that for the comple~
ment titration had been removed from each tube. Unbuffered
0.85 per cent saline was used. In both tests, standard
serial dilution agglutination and precipitation techniques
were employed. The titers for each were read after 18
hours. Agglutination tests were incubated in a water bath
at 50 degrees C, Precipitin titrations were allowed to
remain at room temperature. The titers for both are ex~
pressed as the highest serum dilution that yielded posi-

tive results.
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CHAPTER III

RESULTS

The data obtained from immunization tests with bovine
blood serum fractions are shown in Tables II through VI.
Results from immunization with antigens of unrelated origin
are found in Table VII. The two series of tests with re-

peated injections of Staphylococcus aureus vaccine are

shown in Tables VIII and IX. The results in all tables
are average values of total complement and C'4 titers,
These are expressed in 50 per cent hemolytic units taken
from Kabat and Mayer (2). With the exception of the tests
with the 5. aureus vaccine, the tables are arranged in
columns showing data for each animal. The average pre-
immunization and postimmunization titers following each
antigen injection series are given. In Tables V, VI, and
IX antibody titers are also presented. In Table IX average
C', C'4, and agglutination titers at four-day intervals are
recorded. Each animal is not shown separately.

Table II shows the C' and C'4 titers following immuni-

zation with albumen, fibrinogen, and gamma globulin.

20
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TABLE II
C' AND C'4 TITERS® IN GUINEA PIG SERUM FOLLOWING

IMMUNIZATION WITH ALBUMEN, FIBRINOGEN,
AND GAMMA GLOBULINY®

—

il

Pre~

Immunization Postimmunization
Annat Albumen Fibrinogen | Gamma Globulin
c! C'4
C! Cr4 ctl cra ot cla

1 |236| 10,665 |324| 14,130 227|10,130 | 366 | 12,037
2 |256]| 10,665 |408| 14,707 | 328|10,440 |378 | 12,135
3 |304| 10,264 |328 ]| 14,910 336| 9,660 |. . | . . .

4 |256| 10,854 (324 15,120| 256| 9,660 |. . | . . .

*Titers are expressed in 50 per cent Hemolytic units.

**Albumen was injected on 1/30, 2/1, and 2/3; the
titrations were on 2/19 and 2/23. Fibrinogen was injected
on 2/23, 2/25, and 2/27; the titrations were on 3/18, 3/22,
and 3/26., Gamma globulin was injected on 3/26, 3/28, and
3/30; the titrations were on 4/9 and 4/13,

An increase in the C'4 titer is seen after immunization
with albumen. This response was expected as the result

of investigations by numerous workers who have reported a
general increase in C'4 following immunization with most
antigenic substances. This has been recently investigated

by Guthrie (1). The increase in C'4 titer is seen to be

more than 3,500 hemolytic units in all animals. Only four
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animals are shown in Table II as two expired after one
titration following albumen immunization, When these ani=~
mals were injected with fibrinogen, there was a reduction
in the titer which, as can be seen in subsequent charts,
was characteristic of the C'4 titer after immunization with
the second in a series of bovine blood serum fraction in-
Jjections actually fell below that of the preimmunization
titer, the greatest decrease being 1,194 units. However,
animals three and four have units of 9,660 which is the
lower limit of C'4 which could be titered at the serum di-
lution used in the test. This is explained by Kabat and
Mayer (2) as being due to the inaccuracy of the colorimeter
above 92 per cent transmittance and the non-logarithmic
relationship between the amount of C'4 and the number of
red blood cells lysed above this reading. Following immuni-
zation with gamma globulin only two titers of C' and C'4
are shown, Animals three and four expired during the second
bleeding for the previous set of titers. It is noted that
titers of both animals increased after this series of in-
Jjections; however, the increase did not reach the level of
titers after the first antigen injection.

The effect of repeated injections of bovine albumen,

alpha globulin, and gamma globulin are found in Table III.
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TABLE III

C' AND C'4 TITERS® IN GUINEA PIG SERUM FOLLOWING
IMMUNIZATION WITH ALBUMEN, ALPHA GLOBULIN,
AND GAMMA GLOBULIN¥**

Fre= p . . .
Immunization ostimmunization
Animal
Albumen oL Globulin| ¥ Globulin
C? Ctg
Ct Cl4 C! C'4 o Ci4

1 |2s6 17,015 |256| 19,800 | 256|12,660 | 256 | 22,425
2 |272 19,430 |256| 19,800 | 256|12,660 | 256 | 21,540
3 |264 {18,559 |256| 17,994 | 256|15,000 | 256 | 21,540
4 |256|17,378 |256]| 19,800 | 256|12,660 | 256 | 22,069
5 |256 14,708 |[256 | 17,835 | 256|14,415 | 256 | 21,540

6 |256|14,995 l2s6f17,352{. .| . . .| . .| ...

*riters are expressed in 50 per cent hemolytic units,

**Albumen was injected on 6/29, 7/1, and 7/3; titrations
were on 7/13 and 7/18. Alpha globulin was injected on 7/18,
7/20, and 7/22; titrations were on 8/16, 8/20, and 8/24.
Gamma globulin was injected on 8/24, 8/26, and 8/28; titra-
tions were on 9/9 and 9/13.

The preimmunization C'4 titers in this group of animals were
considerably higher than those of most other tests. How-

ever, an increase in titer following injection of albumen

was demonstrated. Upon injection of alpha globulin, the
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C'4 activity diminished considerably, showing the same
pattern as the group of animals in Table II. The measured
maximum decrease of 7,140 hemolytic units was much greater
than the observed decrease after the second antigen was
injected in the test shown in Table II. There was also
a large increase in the titexr of C'4 following the in-
Jjection series of gamma globulin., Unlike the response
shown in Table II to gamma glsbulin, the titers in
Table 1II following gamma globulin immunization were
greater than those established after the first antigen
was injected. Animal number six expired during the
second bleeding following the first antigen injection.

The C' and C'4 titers after immunization with albumen,
a mixture of alpha globulin and albumen, and alpha globulin
are shown in Table IV, The preinjection titers of this
group of animals are also high. However, an increase in
the C'4 titer following immunization with albumen was
demonstrated, the greatest being 5,477 hemolytic units.
When the same guinea piés waere immunized with a mixture
of albumen and alpha globulin, the trend of a depression
in the C'4 titexr can again be seen. The decrease is not
as large as in other tests, but this could be the result

of the inclusion of the first antigen in the mixture



25

injected in the second series. In the third series of
immunizations no significant change in the titer can be

seen as noted in Table 1V.

TABLE 1V

C'AND C'4 TITERS¥ IN GUINEA PIG SERUM FOLLOWING
IMMUNIZATION WITH ALBUMEN, ALBUMEN’%%D ALPHA
GLOBULIN, AND ALPHA GLOBULIN

P¥e~ Postimmunization
Immunization
Animal
Albumen andg
Albumen \ & Globulin
ct Cl4 o Globulin
c'] c'4 ct c'4 | ¢! C'4

1 256 | 18,690 256 | 21,690 | 288 | 21,540 | 256 | 19,245
2 256 | 18,690 256 | 23,280 | 203 | 20,522 | 256 | 19,800
3 256 ] 20,985 256 | 21,705 | 256 | 20,522 | 256 | 20,5320
4 256 | 16,980 256 | 22,357 | 288 | 21,540 | 256 | 21,570
5 256 | 18,690 256 | 21,504 | 344 | 22,609 556 21,385

6 236 | 19,800 2561 23,280 ) . . o s 2 |o . « o .

*Titers are expressed in 50 per cent hemolytic units,

*¥albumen was injected on 8/29, 8/31, and 9/2; titra-
tions - were on 9/14, 9/18, and 9/22., Albumen and alpha
globulin were injected on 9/25, 9/27, and 9/29; titrations
were on 10/10 and 10/14. Alpha globulin was injected on
10/23, 10/25, and 10/27; titrations were on 11/6 and 11/10.
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In Table V are shown C', C'4, and precipitin titers
following immunization with albumen, a mixture of albumen
and beta globulin, and beta globulin, The preimmunization
C'4 titers are low. A 1:200 dilution of_serum containing
inactivated C'4 was used instead of a 1:100 dilution. All
animals show an elevated level of C'4 activity after albu-
men immunization. Although increases appear significant,
it is suspected that larger increases than indicated oc~
curred since is is probable that the actual preimmunization
titers were lower than shown, The precipitin titers after
albumen immunization, as in all tests, are expressed as
the highest serum dilution which yielded precipitation.
All animals are shown to have had an immune response to
albumen as indicated by their precipitin titers. A slight
decrease in the C'4 activity after immunization with a
mixture of albumen and beta globulin is noted. The pre-
cipitin titer for this series of immunizations show that
the ability to have an immune antibody response did not
decrease. No significant changes are seen in the C'4
titer aftex beta globulin was injected, The precipitin
titer for beta globulin is, however, higher than that for
either of the previous injections. These data are included

in Table V, page 27.
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Table VI, page 29, shows C', C'4, and precipitin
titers following immunization with beta globulin, gamma
globulin, and albumen. Serum containing inactivated C'4
was diluted 1;200 as in the test shown in Table V. A
definite increase in C'4 activity is observed following
immunization with beta globulin., The antibody response
to this antigen is indicated by the precipitin titer.
After the second series of antigen injections, the pre-
vioﬁsly observed suppression of complement activity is
noted, However, no inhibition of the antibody response
to this antigen is indicated by the precipitin titer,
When the third antigen of this series, albumen, was ine-
jected, there was again an increase in the C'4 titer,
accompanied by the formation of antibodies as shown by
the precipitin titer.

C' and C'4 titers following immunization with

Staphylococcus aureus vaccine, ovalbumen, and alpha

globulin are shown in Table VII, page 31. Upon comple~
tion of titrations after the third series of injections,
the initial antigen of the series, S. aureus vaccine was
again injected. Original injection and titration pro-

cedures were followed. Then these animals were again
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injected with the second antigen of the series, ovalbumen.
All animals expired showing symptoms of anaphylaxis.
The titers of C'4 after the first series of injections

with Staphylococcus aureus vaccine are greater than the

preimmunization titers, the largest increase being 11,420
hemolytic units. The response to the second antigen in-
jected, however, is just the opposite of that observed in
the tests with bovine blood serum fractions. In this test
the C'4 titers following immunization with ovalbumen did
not dimirnish significantly. On the contrary there was an
increase in the titer in animals one, five, and six, How-
ever, when this antigen was followed by the injection of
a similar antigen, alpha g¢globulin, it can be seen that
there was a reduction in the C'4 titer. Upon reinjection
of these animals with S, aureus vaccine the previously
established response of an increase in titer after immuni-
zation with vaccine in animals who had just been injected
with a bovine blood sexum fraction is not seen. Actually,
the opposite result is observed as the titer of C'4
diminished.

In Table VIII are shown C' and C'4 titers in guinea
pig serum following immunization at four day intexvals

with §. aureus vaccine. The number of animals used in
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the test is not constant, however, due to fatalities follow~
ing bleeding. After the first injection there was an
average increase of 3,490 hemolytic units in the C'4
titer, There was also an increase in the average titer
after the second injection., This level was maintained
for two subsequent injections, but after the fifth in-
jection there was a decrease in the average titer. This
was followed by another decrease in C'4 after the sixth
injection, 7Two progressive increases are seen after in-
Jjections seven and eight, the latter being the maximum
average titer reached during the tests. Following this
peak, there is noticed a gradual reduction in the C'4
titer until all animals expired. No variations in total
complement activity are seen during the entire test. These
data are included in Table VIII, page 33.

Table IX, page 35, shows C', C'4, and agglutination

titers following repeated injections at four-day intervals

with Staphylococcus aureus vaccine. No variations in total
complement are seen throughout the test. However, after
the first injection an elevation in the C'4 titer is noted.
Further increases are seen after the second and third in-

Jjections, with the maximum titer of the test being seen
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TABLE VIII

C' AND C'4 TITERS¥* IN GUINEA PIG SERUM FOLLOWING
IMMUNIZATION AT FOUR~DAY INTERVALS WITH
STAPHYLOCOCCUS AUREUS VACCINE

Average Preimmunization c! é’é
Titer 256 | 9,660
Nuﬁgar Date of Injection AV?‘E?Q T%tex
R X Following Each
Animals and Titration Injection
6 7/28 1 256 | 13,150
6 8/2 2 256 | 20,439
5 8/6 3 256 | 20,207
5 8/10 4 256 | 20,126
5 8/14 5 256 | 13,588
5 8/18 6 256 | 12,889
4 8/22 7 256 | 18,843
4 8/27 8 256 | 23,048
4 8/31 9 256 | 10,854
3 9/4 10 256 | 17,820
3 o/8 11 256 | 14,432
2 9/12 12 | 256 | 11,020
2 ' 9/16 13 256 | 10,724

#
Titers arxe expressed in 50 per cent hemolytic units.
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after the third injection, The fourth and fifth injections
were followed by reductions in the fourth component. This
pattern was broken, however, by an elevation in C'4 after
the sixth injection. Beginning with the seventh injection
a consistent decrease throughout the remainder of the test
is noted,

The average agglutination titer does not appear to
follow the fluctuating pattern of C'4 activity. As can
be seen in Table IX no agglutination titer appeared after
the first injection of the vaccine. Following the second
injection, however, the antibody response is noted by the
1:28 agglutination titer. Subsequent injections and titra-
tions show a consistent increase in the agglutination
titer to a maximum of 1:160. No decxease is noted as in

the C'4 titer.



TABLE IX

C', C'4, AND AQGLUTININ TITERS® IN GUINEA PIG SERUM
FOLLCWING IMMUNIZATION WITH STAPHYLOCOCCUS

AUREBUS VACCINE

Average Preimmunization C!t C'4 | Agglutinin
Titerx 256 | 9,660 o
Number Ii?éit:ﬁn Avergg? Tifar
of and Following Each
Animals Titration Injection
6 2/28 1 256 | 10,253 0
5 3/4 2 256 | 11,446 1:28
5 3/8 3 256 | 13,194 1:132
4 3/12 4 256 | 12,960 1:100
4 3/16 5 256 | 10,516 1:107
3 3/20 6 256 | 11,237 1:133
3 3/24 7 256 | 10,130 1:160
3 3/28 8 256 | 11,370 1:160
3 4/1 9 256 | 11,102 1:160
3 4/5 10 256 | 11,370 1:160
3 4/9 11 256 | 10,932 1:160
3 4/13 12 256 | 10,440 1:160
3 4/17 13 256 | 10,190 1:160
2 4/21 14 256 | 10,065 | 1:160

*riters are expressed in 50 per cent hemolytic units.
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CHAPTER IV
DISCUSSION

The data obtained in this investigation show that
after the first injection series of all tested antigens
there was an increase in the C'4 component of complement
but not in total complement., These findings support
previous reports of Guthrie (2). Different responses
were noticed following the injections of a second type
of antigen. In tests with blood serum fractions the
secoind series of immunizations was followed by a decrease
in the C'4 titer, even when the injection contained a mix-
ture of the previocusly tested blood serum fraction plus
an additional one.. In this latter test the thixd series
of antigen injections included only the new anfigan
introduced in the mixture of the second series, and no
change in the C'4 titer was observed. However, if the
third series of immunizations did not contain a pre-
viously injected antigen the animal's response was that
of an increase in the C'4 titer or the titer remained at

37
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the level of the previous test. No depression in the
titer was noted.

In the tests where the first two antigen injections

were of different types, such as Staphylococcus aureus

and ovalbumen, the response to the second antigen was
opposite that obtained in tests with antigens of related
origin, This immunization series was followed by an
elevation in C'4 activity. However, when the ovalbumen
injections were followed by immunization with bovine
alpha globulin, the C'4 titer decreased. Reinjection of
these animals with S. aureus vaccine as a fourth injec-
tion series did not appear to stimulate fuxther increases
in the titer. 1In fact, one~half of the animals showed a
decrease in titer. These animals were then reinjected
with ovalbumen as the beginning of a fifth series of in-
jections. After the first injection, however, all expired
showing signs of anaphylaxis.

In the tests of repeated immunization and titration
at four-day intexvals with 5. aureus vaccine a curve was
indicated showing fluctuations in the C'4 titer which
does not follow the usual antibody titer curves. Table VIII
shows C'4 titers, while fable IX contains both C'4 and ag~-

glutination titers. In both tests similar variations in
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the C'4 titer are seen, After the first injection, the
C'4 activity is noted to increase. The maximum titer is
maintained for short duration and then begins variable
decreases, The average antibody titexr, howevex, showed

a progressive increase to a maximum level with the excep~
tion of titers shown after the fourth and fifth injections,
These average titers appear to diminish due to the expir-
ation of a high titered animal. These results agree
partially with the findings of Hard (4), He injected
bovine serum albumen at regular intervals into rabbits
and noticed a rise in the precipitin titer for two months,
after which a progressive reduction occurred. However,

no decrease in agglutination titers was seen in these
tests,

The precipitin titers after each bovine blood sexrum
fraction immunization show that there are individual
responses to each antigen, None appear to diminish as
did the C'4 titers, especially after the second series
of immunizations. This, along with the agglutination
titers suggest that the C'4 and antibody responses to an
injection of antigen occur independently and do not follow

the same titer pattern. 8Since the antibody titer did not



decrease in the repeated vaccine injections as did the
C'4 titer, it appears that either the biosynthesis of

C'4 is not as rapid as is antibody formation, or that an
exhaustive mechanism in localities of complement synthesis
can occur. The methods used in this investigation cannot,
howeverxr, substantiate this statement.

No significant changes in total complement were ob-
served in any of the tests. 7This agrees with previous
observations by Guthrie (3) and Axelrod (1). Guthrie
showed statistically that total complement activity
did not increase during immunization but that there were
significant changes in C'4., He also showed that these
increases were significantly greater than those observed
in uninjected animals that were titrated on the sane

bleeding schedule as experimental animals,
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CHAPTER V
SUMMARY

This investigation has vielded data which indicate
that changes occur in the C'4 component of guinea pig
complement but not in total complement after repeated
antigen injection according to the type of antigen and
frequency of injection. Antibody titers were not shown to
correspond completely with these changes. All antigens
tested show an elevation in the C'4 titexr after the fixst
injection or series of injections with the same antigen.
The response to the second series of injections was seen
tc be dependent upon the type of antigen., In tests with
similar antigens such as bovine blood serum fractions
the titer either remained at the level established aftex
the first immunization series, or it diminished. If,
however, the second antigen was not related to the first,
the response was that of an increase in the titexr, After
the third series of related antigen injections, the ani-

mals show an increase in titer if the animal had never
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contacted the antigen previously. However, if this series
included one of the blood serum fractions contained in the
second series, no further elevation was noted. If the
antigens were unrelated, elevations in the titer were
noted after each antigen series. Repeated injections of

Staphylococcus aureus vaccine yielded C'4 titers which are

not characteristic of normal antibody titration curves,
Agglutination titers in this test did, however, follow
the standard curve except that the animals expired before
exhaustion could be shown.

These investigations suggest that the stimulus for
the biosynthesis of C'4 depends upon the type of antigen
and the frequency of contact with the animal and that the
response is independent of antibody formation., It appears
from comparison of antibody and C'4 titers that complement
is not formed at the same rate as antibodies, or that ex-
haustive mechanisms occur in C'4 synthesis. It is also
possible that both of these could occur. This investiga~-
tion suggests but does not prove these conclusions,
Further research as to the site of complement and anti-
body formation along with precise analytical methods

should add information to these questions,
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