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INTRODUCTION

During the winter months of 1950-1951 a pneumococcal
infection, type 19, broke out among our guinea pigs. Sulf-
onamide fherapy was started immediately; all animals, healthy
or sick, receiving one-half grain per pound body weight of
sulfamethazine every day in their drinking water.

Sera, to be used as complement for the serological
laboratory, was always obtained from large healthy guinea pigs.
During the pneumococcal outbreak, greater care than ever was taken
to see that only healthy animals were used, but in spite of the
precautions taken, it soon became evident that the complement
was unsatisfactory.

In the light of this, it was suggested that an
investigation into complement activity during sulfonamide

therapy would be of value.




HISTORICAL REVIEW

The literature published on complement and complement-
fixation in the last sixty years is too extensive to be reviewed
here in its entirety. The historical chapter of this thesis
will be confined to a very brief summary of the discovery of
complement, and will then deal with the nature of complement

and some of the physical and chemical factors which effect it.

A. DISCOVERY.
According to Osborn (1937), it was von Grohmann in 1884

who was the first to observe the effect of plasma on micro-
organisms. Von Grohmann noted that plasma retarded the
development of moulds, and that clotting plasma reduced the
virulence of the anthrax bacillus.

In 1888 Nuttall demonstrated that blood destroyed anthrax
bacilli in vitro, and further, he observed that this destruction
took place independently of the leucocytes. In the following
year Buchner (1889) found cell-free serum to be destructive to
the typhoid bacillus.

Both Nuttall and Buchner were aware that the bactericidal
element in plasma or serum was destroyed by heating at 55°C. for
thirty minutes. It was also recognized that the activity
disappeared from serum which had been standing for a few days.
Buchner named this bactericidal element "alexin",

Bordet (1895) reported that serum from an immunized

| animal, inactivated by standing or by heat, could be reactivated



or restored to its former bsactericidal activity by the addition
of a small volume of fresh normal serum. He therefore suggestda
the bactericidal action of serum was due to two factors. One of
these, the "preventive substance”, was relatively stable and
remained unchanged in serum for a great length of time, but was
incapable of killing bacteria in the absence of the second factor,
although it could produce "clumping"of the organisms. The
second factor, for which he continued to use the name "alexin",
was destroyed by heat or standing, and was responsible for the
actual lysis of the bacteria. The "preventive substance' (later
called "sensitizer" and now more commonly called "antibody" or
"amboceptor") was specific, and was increased in the process of
immunization. The "alexin" (now called complement) was present
in all normel sera and was not increased during immunization

(Bordet, 1895); v. Dugern (1900); Bulloch (1901).

B. THE NATURE OF COMPLEMENT.

l. THE COMPONENTS OF COMPLEMENT.

It was known as far back as the time of Buchner (1893)
that serum, diluted with or dialysed against distilled water,
lost its complementary activity, and that this could be guarded
against by dissolving an electrolyte in the diluting or dislysing
fluid.

In 1907 Ferrata obtained the same inactivation by re-
placing the salts of serum with isotonic cane sugar. He
suspected that the precipitation of globulin involved in this

treatment had some connection with the inactivation of the serum.



By mixing the supernatant fluld, made isotonic with sodium
chloride, and the precipitate, dissolved in 0.9 percent sodium
chloride, he restored almost completely the full activity of the
serum, although neither of these parts was active alone. The
theory that complement was split into two parts, one resident ih
the globulin fraction and the other in the albumin fraction, was
the accepted explanation of these results. ;t will be seen
later that this theory 1s only partially correct. Sachs and
Teruchi (1907) were not long in confirming Ferrata's work, in
full,

Brand (1907) contributed the discovery that the globulin
fraction must act before the albumin fraction. Having Ehrlichs
side chain theory in mind, he pictured some constituent of the
globulin fraction acting as a link between the antigen-antibody
complex and the albumin fraction.

Other methods have since been evolved for the division of
complement into the two same fractions. Complement has been
split by diluting with distilled water, addition of hydrochloric
acld, bubbling carbon dioxide through the serum and dialysils
against phosphate buffers of known pH and ionic strength. The
latter two methods are the ones used most frequently today.

Von Dugern in 1900 was the first to describe a phenomenon
whereby complement i8 inactivated by treatment with yeast cells.
His observation was confirmed by Ehrlich and Sachs (1902), and
Coca (1914) further showed that the inactivation was due to the
removal of a relatively heat staeble component, and not to the

addition of an inhibiting factor. He found that yeast treated



complement could be reactivated by the addition of normal guinea
pig serum which had been inactivated by heating at 56°C. for one
half hour. Coca also concluded that a similar inactivation of
complement by means of cobra venom, observed by Braun (1911),
Ormakov (1911) and Ritz (1912¢), was due, not to the adsorption
of the heat stable component as in the case of yeast, but to the
inhibition of the function of this factor. He observed that
cobra-venom-inactivated serum could at times supply the heat-
stable factor to yeast inactivated serum.

Browning and Mackie (1914), working with cobra-venom-in-
activated serum, found that when complement was split into
midpiece and'endpiece, the third component was found in the
midpiece fraction. Jonas (1913) worked with pig serum, and
found the serum of thilis animal to be extremely rich in C'3. He
reported the third component to be associated with both the mid-
plece and endpiece fractions.

Moore (1919), Coca (1920) and Hyde (1923) repar ted the
discovery of a race of guinea plgs whose complement was de-
fieient in C'3. The serum from these guinea plgs showed
practically no activity, but could be activated by the addition
of small amounts of heated serum in the same manner as yeast
treated serum,

During a study of the action of pancreatic extracts on
complement, Gordon, Whitehead and Wormall (1926s)became interested
in the possible action of lipase, thinking it might throw some
light on the part played by fats and 1ipids in complement action.

The chief difficulty was to obtain lipase preparations free from




proteoclastic enzymes, for trypsin preparations have a destructive
action on both the first and second components of complement.

The preparation they used consisted of a suspension of
purified lipase in an ammoniated phosphate solution containing
glycerol, and the results obtalned by its action on complement
indicated that the destruction of a hitherto unknewn factor had
occureed. A control experiment, however, showed that the boiled
enzyme solution had the same function, and by a process of
elimination it was found that the active agent was really the
ammonia,

In effect, the addition of ammonia to complement and in-
cubation at 379C. for one to two hours destroyed the power of the
complement to hemolyse sensitized red blood cells. Thg activity
of the serum could be restored by the addition of complement which
had been heated at 56°C, and which was itself inactive. The
ammonia thus appeared to have destroyed some relatively heat-
stable component of complement. When complement was split by
carbon dioxide or dilute acids into the two protein fractions,
the ammonia inactivated fraction remained chiefly with the end-
piece. This component became known as the fourth component, C'4.

a, Nomenclature.

The components of complement have been given a variety of
names by the different authors. Some of these names were coined
to fit the theory of the time, and although the theory may have
been disproved at a later date,.the nomenclature ls still in use.
Other authors favour the German nomenclature, while yet another

group will call the components by the name of the buffer used in



purifying three of the components of guinea plg complement, which
in this paper they termed midplece, endpiece and C'4. To guide
this work electrophoretic diagrams were prepared of}midpiece and
endpliece (prepared by the carbon dioxide method) as well as of
zymin and ammonia treated serum. The results indicate that the
so called "globulin fraction" or midpiece contains at least four
distinct proteins, two of which have electropharetic mobilities
faster than those ariginally present in whole serum; while the so
called "albumin fraction" or endpiece also contains at leasﬁ four
distinct proteins, one of which appears to carry nesrly all the
gamma globulin originally present in whole serunm. No significant
difference was detected electrophoretically between narmal serum .
and serum deprived of 1ts C'4 by treatment with ammonia.  Serum
deprived of C'3 by treatment with zymin showed a disturbance of
the alpha globulins, accompanied by a slight increase”of the
mobilities of the remaining serum proteins. It is evident there-
fore, that the terms "albumin fraction" and "globulin fraction"
are unsatisfactory and misleading as applied here.

The separation of C'l, C'2 and C'4 was carried out under
rigidly controlled conditions by fractional precipitation with..
ammonium sulfate, accompanied by various extractions and dialysis
procedures. |

The midpiece was found to be a euglobulin with an apparent
isoelectric point of 5.2, and electrophoretie mobility of 2.9 X
10°° in phosphate buffer of ionic strength 0.2 at pH 7.7, and a
sedimentation constant of 6.4 10713 in potassium shloride of

ionic strength 0.2. The activity of this fraction was destroyed



by heating at 50°C, for thirty minutes, by hydrogen ion concentr-
ations alkaline to 1ts 1socelectric point, and also in dilute
solutions. This fraction was inhibited by protein concentrations
exceeding 0,02 percent, while full activity was observed at protein
concentrations between 0.002 and 0.02 percent. The final yield

of this protein from 1070 ml. of serum was 400 milligrams or 0,6
percent of the total serum proteins.

C'2 and C'4 were present in the same serum fraction.

After final purification the protein was identified as a muco-
euglobulin, 98 percent of which had an electrophoretic mobility
of 4.2X1079, The final yield was 0.18 percent of the total
serum proteins. Its apparent isoelectric point was 6.3-6.4. It
contained 10.3 percent carbohydrate, and had a specific optical
rotation of -192,5°. Treatment at 50°9C. for thirty minutes
destroyed all the C'2 activity while C'4 was not totally destroyed
until heated at 66°C. for thirty minutes. This fraction there-
fore contained two components, one a relatively heat-stable
constituent and the other a relatively heat-labile constituent.
The hypothesis was offered that C'2 and C'4 are a carbohydrate-
protein complex, C'2 being the protein carrier and C'4 the
carbohydrate.

The unusually high carbohydrate content of the muco-
euglobulin, and its ablility to redﬁce Schiff's reagent, is not
inconsistent with this hypothesis.

These authors did not succeed in the separation and
purification of C'3. They found this component to be present in

nearly every fraction of serum.




As plg serum is ordinarily characterized by unusually high

titers of C's(Hégedus and Greiner, 1938), Jonsen et al (1951)
used pig serum for their study of this component . While thelr
present studies have not yet ylelded pure C'3, they lave shown
that this component of pig complement occurs among the water in-
soluble globulins, more particulerly in the non lipid portion of
the beta globulins. Fractions rich in C'3 may be obtalned by
precipitation with ammonium sulfate or by precipitation with
alcohol, Since some of these precipitates failed to show
measurable titers of C'l, C'2 or C'4, and possessed only C'3
activity, it would appear that the third component in pig comp-
lement is actually an individual substance. Preparations
assaying as high as 6000 C'3 units per ml. have been 1isolated.

c. Function in Immune Hemolysis.

Although the activity of complement is exhibited in bact-
ericidal, bacterliolytic and hemolytic phenomena, the hemolysis of
sensitized red blood cells is the most clearly defined property.
In 1942 Pillemer and cdoworkers (1942b) determined the role of the
various components of complement In immune hemolyslis under the

most favourable conditions.

Pillemer, Seifter and Ecker (1942a) had shown that with
the exception of C'3, the other components, C'2 and C'4, and vary-
ing amounts of C'l, are fixed by sensitized red blood cells.
Fixation of the components of complement in this work was determ-
ined by measuring the residual component activity in fresh guinea
pig serum after fixatlon. This, however, did not disclose

whether the adsorbed components were functionally active.




Pillemer's data contributes little one way or another to the
enzymatic interpretation of C'l, C'2 and C'4, it appears to
warrant the classification of C'3 as a catalyst, since this
component 1s not fixed and is not used up in the process of
hemolysis (Deisler(1932); Nathan (1913); Weil (1913); Tharsch
(1914)).

2. COMPLEMENT IN DIFFERENT ANIMAIL, SPECIES.

Owing to the widespread use of fresh gulnea pig serum in
diagnostic complement fixation tests, mare is known in regard to
the constitution and general behavior of this complement than
that of any other animal specles. Our knowledge of the nature
of different complements, and more particularly of the inter-
changeabllity of thelr components, iz still very limited.

In the last ten years the complement of various species
has undergone investigation. Ecker, Pillemer and Seifter (1943)
have made a complete analysis of humah complement. They found
human serum to possess four components, analogous to the four in
guinea pig serum, of which C'2 was present in the smallest amount.
d'l has been isolated and closely resembles gulnea pig C'l; both
had similar electrophoretic mobilities and sedimentafion constants,
The carbohydrate content of humen C'l was slightly higher, 3.2 -
3,7 percent, and so was the apparent lsoelectric point, pH 6.0 -
6.4 as against pH 5.2 - 5.4. In humsn serum C'l constituted
aboﬁt 0.6 - 0.8 percent of the total serum protein (Pillemer,
Seifter, San Clemente and Ecker, 1943). A highly purified C'2

fraction was obtained by precipitation at pH 6,8 with 2.4 - 2,6
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M ammonium sulphate that contained only 3 percent carbohydrate
as compared to about 10 percent in guinea pig C'Z2. Human C'3
was destroyed by heating at 54 - 589C., inactivation being
considerable even at 46°C, Whereas in guinea pig complement
the persistent association of C'4 with C'2 led to the view that
C'4 was a prosthetic group attached to C'2, in the case of
human complement C'4 has been found in both midpiece and end-
piece fractions (Ecker, Seifter and Dozois, 1945)

0f the many mammallan complements studied, those of the
guinea pig, hamster, rabbit, cat, rat, swine, dog, monkey and
man produced.hemolysis of sheep red cells sensitized with rebbit-
anti-sheep serum (Rice and Crowson, 1950; Rice, 1950a). They
differed widely however in hemolytic titer and stability.

In the majority of the investigations, evaluation of
conmplement activity has been based on 1ts capacity to lyse sheep
red cells treated with antibody prepared in the rabbit, This is
only one of the many characteristics of complement, and the fail-
ure of certain animal and avian sera to lyse sheep red.cells
sensitized with rabbit hemolysin, does not necessarily indicate
a lack of complement, or one of its components. To be adequate,
a study of the interchangeability of the complement components
of different animal species must include investigations of other
complement activities in addition to the e molysis of the above
mentioned "standard hemolytic system".'

That fresh sera of certain animals may aggregate eryth-
rocytes, treated with cow serum, was observed in 1906 by Bordet

and Gay (1906) and by Muir and Browning (1906). The reaction
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was termed "conglutination", to differentiate it from agglut-

ination, which did not require the cooperation of complement.

Rice (1950b) used this conglutination test to see if additional |
information could be gained about the complements of twelve |
mammalian and two avian specles. Of the mammalian complements,
horse, swine and cat were actively conglutinative; some samples

of human, cow and deer sera were weakly so. Fresh sera of the

guinea pig, rabbit, hamster, rat, and chicken, although hemolytile,
were not conglutinative, while sheep and mouse complements were

neither, Turkey complements behaved in an irregulaer manner.

C. FACTORS AFFECTING COMPLEMENT:

l. PHYSICAL FACTORS.

a. Temperature.

A temperature of 56°C, for one half hour is considéred
sufficient to inactivate most sera. This temperature does not
destroy all the components of complement; in the guinea pig C'1l
and C'2 are destroyed, while in human serum C'l, C'2 and C'3 are
inactivated. C'3 and C'4 in the guinea pig are destroyed at
temperatures of 63°C. and 66°C., respectively, for one half hour.
The components of complement in various species differ to a
certaln extent, and may be more or less sensitive to heat. It
is generally agreed, however, that of the four recognized
complement gowponents, C'l and C'2 are so called heat labile,
while C!'3 and C'4 can withstand a higher temperature and are
called heat stable.

Whereas Kiamil and Rassim (1928) have attempted to explain
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this heat inactivation by postulating an altered albumin/globulin
ratio, the generally accepted theory is that it depends on the
denaturation of the proteins; a theory which is backed up by the
parallel action of such sugars as glucose, maltose, and sucrose
in guarding against both the heat denaturation of the protein and
the heat inactivation of complement (Silber,1930; Silber and
Schafran, 1932; Kiamil and Rassim, 1928).

That complementary activity disappears from serum when it
stands at room temperature was one of the earliest known character-
istics of the substance. Sera of different species vary greatly
in stability, and therefore the time needed for inactivatlion at
room temperature also varies, Gramenitski (1912) observed a
slow spontaneous return of some activity on standing at room
temperature and a rather faster regeneration of activity at 370C,
Hecht (1923), snd Gordon and Hoyle (1933), showed that it was not
the thermolasbile components that disappeared on standing. In
both guinea plg and human sera the first component to disappear
is C*3.

Complementary activity disappears in from 4 to 10 days
when serum stands at 0°C. (Mise, 1929). Lower temperatures produce
a better preservation. Frozen serum may show an unchanged activ-
ity after 14 days (Ruffner, 1929), and a temperature of -12°C. will
maintain complement for a month (Browning and Mackie, 1913-1914),
Temperatures of-25°C, preserve complement for long periods of time
with only small losses in complementary titers.

As the temperature increases from zero to 37°C. the degree

of hemolysis 1s also increased. At 09C. the combining components
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of complement are fixed by the sensitized red blood cells, but
the cells are not lysed. Between 32 and 37°9C, the hemolytic
power of the complement 1s at a maximum, but at higher temper-
atures hemolysis declines due to an inactivation of the serum
proteins (Mayer, Osler, Bier and Heidelberger, 1946).

b, ing.

Pillemer, Seifter and Ecker (1942a) carried out experiments
on complement fixation using anti-type III pneumococcus rabbit
serum compounds. A pool of fresh guinea pig serum was divided
into two portions, one of which was allowed to incubate for one
hour with the specific antipneumococcus complexes, at the end of
which time the fixsbllity of the complement components was
"determined. The second portion of serum was allowed to stand
for 19 hours in the ice box at 5°C,, and was tested in a like
manner. The serum lost 50 percent of i1ts complementary activity
during the 19 hours in the cold. Complete hemolysis was brought
about by 0,07 ml. of 10 percent dilution of fresh serum, while
0.14 ml. of a 10 percent dilution of aged serum was required.

An inspection of the results of this experiment shows that
when serum stood for 19 hours at 5°C. and lost 50 percent of its
complementary activity, the following changes in the fixability
of the complement components occurred: (a) C'4 became mare
resistant to fixation, (b) C'3 underwent no change in fixability,
(c) there was less reactivation upon the addition of the CO2-
insoluble fraction, and increased reactivation upon addition of
the CO2-soluble fraction in the case of the aged serum.

In the past many investigators have allowed complement to
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age or "cure" in an icebox overnight before using it in fixation
experiments. However, 1t is apparent from the foregolng exper-
iment that this procedure may lead to serious errors in the deter-
mination of the fixability of the various components of complement.

0. Shakigg.

Jacoby and Schutze (1909-1910) reported that shaking de-
stroys complement. Ritz (1912b) was able to produce complete
inactivation in as short a time as 20 minutes, by the use of a
specifically designed shaker. Courmont and Dufour (1912) tried
to explain this lnactivation as an oxidative process, but Schmidt
(1913), in a careful piece of research, showed that the rate of
inactivation was independent of the presence of oxygen. He
found that the detalls of technique affecfed the results greatly;
both increase in temperature and increase in dilution speed up
the inactivation, and the size and shape of the vessel are un-
expectedly important.

In the same paper Schmidt reports that shaken serum is
reactivated by the endpiece (HCl separation). Kashiwabara
(1913) finds shaken serum to be reactivated by midpiece alone,
endpiece alone, and by some ssmples of heated serum. As a
result he is inclined to the opinion that C'3 is destroyed by
shaking. Schmidt (1919), however, is convinced that shaking
produces a physicai and not a chemical change; that it produces
a disturbance of the colloidal equilibrium in the solution.

d., Adsorption.

As early as 1906 it was shown by Landsteiner and Stankovie

(1906) that coagulated serum protein removed the complementary
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activity from serum. Since that time many attempts have been
made to adsorb complement on various adsorbing agents: Berkefeld
filter, Kaolin, alumina, carbon, calcium triphosphate, barium
sulfate, starch, inulin, calcium oxaslate, calecium fluoride,
magnesium hydroxide, agar, gelatin, and even bacteria have been
used for this purpose.

Fuchs (1929) believed that the adsorbents removed the
midpiece or euglobulin fraction, while Strong and Culbertson
(1924) stated that there was no selective adsorption of any
single component of the complement.

Ecker, Jones and Kuehn (1941) carried out experiments using
lead phosphate, titanium dioxide, kaolin, magnesium hydroxide,
aluminum hydroxide and zymin. They found that lead phosphate
and titanium dioxide removed the midpiece of complement. Keolin
and magnesium hydroxide were less specific in their action and
adsorbed both midpiece and endpiece. Small amounts of aluminum
hydroxide gel removed the total complement complex. The action
of zymin on serum complement was of a different nature, in as much
as zymin in optimal amounts specifically removed the hwat stable
fraction of the midpiece. Zymin had no adsorptive effect in the
presence of 10 percent sodium chloride.

Determinations of total mltrogen and calcium were made on
the fresh complement and on the complement after adsorption.
Determinations of total phosphorus were made on the midpiece by
the Fiske and Subarrow method (Fiske and Subarrow, 1925). From
their results it was evident that no relationship existed between

the amounts of calcium adsorbed and the ability of the agent te
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inactivate complement. However a definite correlation existed é
between the abllity of these inorganic agents to remove a large
percentage of the midpilece ﬁhosphorus, and their ability to

inactivate specifically the midpiece and its associated third i
component. This would seem to indicate that the removal of
phosphorus, which is supposed to be present in a combined form
with euglobulin as cephalin, interferes with the activity of the
midpiece. It was suggested that the midpiece of complement is

closely associated with a phosphatide in the euglobulin fraction.

2. CHEMICAL FACTORS.

a, Oxidation and Reduction.

Valley in 1928 reported that spontaneous inactivation of
complement is, at least partially, a reversible reaction, and
‘succeeded in reactivating complement with sodium hydrosulphite.

Ecker, Pillemer, Wertheimer and Gradis (19383}, showed
that complement, denatured by yeast, improved with the addition
of ascorbic acid, while ammonia treated serum did not show re-
activation. Aeration of complement reduced its activity, which
may be restored by ascorbic acid.

These observations suggest the possibility that the effect
may be largely attributable to reversible chemical actions upon
certain definite groups.

In the same year, Ecker, Pillemer, Martiensen and Werth-
eimer (1938a), investigated the reactivation of complement of

vitamin C deficlent gulnea pigs, aged guinea pig..complement,

aerated complement and complement treated with various oxidants,




reductants and components of complement. They made the following
observations: Complement obtalned from scorbutic guinea pigs can

be reactivated by various reductants, like hydrogen sulfide,

ascorbic acid and sodium hydrosulfite. Aged complement, not

more than 22 days old, can be reactivated by hydrogen sulfide or |
agcorbic acid. Normal complement can be inactivated by a variety
of oxidizing agents, and provided that the oxidation is controlled
it can be reactivated by the reductants mentioned above. Normal
complement inactivated by controlled oxidation can also be re-
generated by heat inactivated complement, and by complement
lacking third or fourth components.

These observations all seem to point to the fact that
complement 1s controlled by oxidation and reduction; 1in the
reduced form it 1is active, while in the oxidized form activity
is lost.

b. Hydrogen Ion Concentration.

For many years little attention was paid to the pH at
which complement fixatlion was carried out. This led to numerous
false conclusions in the experimental field.

The first investigation along this line was carried out
by Pillemer and Ecker {1921k). After a serles of experiments
they reported the following facts:

1. Complement functions best at a neutral pH. Deviations
on either side gradually inactivate complement; and at a pH
above 9.5 or below 4.2 complement is inactive.

2. A pH above 9.5 and below 4.2 results in irreversible

inactivation of complement so that the complement cannot be

]
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selectively reactivated.

3. - The midpiece of complement is relatively stable in
acids and unstable 1n alkalies. This 1s readily seen from the
selective reactivations brought ebout only by ammonia-treated
serum and intact mlidplece; and 1t indicated that both the third
component and 1its carrier are attacked by salkalies.

4. The endplece of complement is relatively unstable
in acids and stable in alkalies. This 18 seen from the select-
ive reactivation brought about by zymin-treated serum and intact
endpilece. Therefore it appears that acids attack the fourth
component carrier.

At a later date Pillemer, Seifter and Ecker (1942a)
conducted experiments to determine the effect of hydrogen ion
concentration on the fixation of the individual complement
components. They reported that at a pH below 7.0 less fixation
of C'4 and C'l occurred than at a neutral pH, but there was an
enhancement of the fixation of C'3. At a pH above 7.0 and up
to 8.8 there occurred complete fixation<of C'4 together with an
increased fixation of C'l, Optimum fixation occurred at a
neutral pH.

One point of Ilnterest evident from this paper was that
complement activity was removed by specific aggregates over an
extremely wide range of pH (5.3 - 8.8), although there was
marked variation in the fixation of the 1ndividual components
at different hydrogen ion concentrations.

c. Salt Concentration.

As early as 1890 Buchner and Orthenberger realized that
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salts were indispensable in the lysis of bacteria by serum.

Apart from the different effects of individual ions and apart
from the osmotic pressure effects, inorganic salts, per se,

ere essential for hemolysis by complement. Guggenheimer (1910)
reported that the falilure of hemolysis was due to the endplece,
that sensitized corpuscles could combine with the midpiece in a
salt free medium, but that the endplece was prevented from playing
its part. |

Markl (1902) found that hypertonic solutions of sodium
chloride and other salts inhibited hemolysis completely when a
sufficiently high concentration was reached. The failure of
hemolysis was due to an absence of complement binding; the
combination between antigen and antibody was in no way affected.
Topley (1915) confirmed this and added "if the concentration of
antibody be markedly increased it is possible, up to a certain
point, to counteract the effect of increased salt concentrations"
Topley also demonstrated the reverse, that "if the salt concen-
tration be decreased, a decreasing concentration of antibody
serves to produce the union of cells and complement" .

Although physiological saline 1s generally used in the
dilution of complement, Neter (1931) reported that an antigen-
antibody complex bound complement more readily in 0.6 percent
sodium chloride than in 0.9 percent. He suggested this as a
means of increasing the sensitivity of complement fixation
reactions, 20

As in the case of increased CO02 tension, lncreased

osmotie pressure preserves the latent complement for a




considerable time. The midplece 1s unsteble in 0.9 percent
saline; in fact it loses its activity in a few hours. However,
it remains active and stable if suspended in distilled water or
in hypertonic salt solutions (Brand, 1907; Ecker and Pillemer,
1942). Hypertonic salt solutions also have a protective action
on the removal of C!3 from whole serum by yeast, zymin, or the
insoluble :carbohydrate extracted from yeast (Ecker, Jones and

Kuehn, 1941).

3. THE SPECIFIC EFFECTS OF VARIQUS AGENTS.

8., Amino Compounds.

As has been previousl& noted Wormall et al (1926a) observed
that the addition of appropriate concentrations of ammonia will
remove the complementary activity from whole serum and that it
can be regenerated by the addition of either heated or zymin-
treated serum. They also established that the ammonia effect 1s
not due simply to alkalinity, but that it is a specific reaction
involving a hitherto undescribed thermostable fraction of serum,

Pillemer, Seifter and Ecker, (194la) adopted the hypothesis
that ammonia~inactivation of C'4 is due to the conversion of the
active carbonyl groups of the component to some less active
structure. To test this hypothesis they used various amino
compounds of two general classes, namely, those which ere known
to react readily with aldehydes and those which do not. In-
spection of their results brings several interesting and import-
ant facts to light.

1. Only ammonisa, methylamine, ethylamine, hydrazine,
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phenylhydrazine and alpha-methyl hydroxylamine, specifically
inactivated C'4. The other amino compounds, those that were not
primary amines, had no effect on any portion of complement, except
that due to the hydrogen ion concentration.

2. Simple alkalinity of amines was not the cause of the
inactivating property. In water, the effectlive compounds dls~
sociated to form bases of moderate strength, but it was readily
seen that many of the inactive compounds dissociated in the same
manner. Thus the dissociation constants for the latter (diethy-~
lamine, dimethylamine, trimethylamine, triethylamine and tetra-
methylammonium hydroxide) were greater than those of ammonia and
phenyl-hydrazine, and greater than, or of the same order as
methylamine, ethylamine and hydrazine. Furthermore, a pH of
over 9.0 was destructive to midplece, while the endplece was
relatively alkali stable.,

S C'4 was inactivated only by amino compounds that are
known to mave decided reactions with aldehydes. However, hydroxy-
lamine, semicarbezide, and thiosemicarbazlde, which are considered
to be potent aldehyde reagents, had no demonstrable effect on C'4,
These special cases are considered below.

4, The amino group was necessary for ilnactivation of C'4.
There was no significant quantitative difference in the minimal
effective molar concentrations of ammonia and its simple alkyl
derivatives, methylamine and ethylamine, whereas hydrazine, with
two.free amino groups, required only one Im 1f the concentration.
On the other hand, dimethylemines, Trimethylamines, and tetra-

methyl ammonium hydroxide, which do not contain free amino groums,



had no effect on C'4.

5. The type of substituent replacing a hydrogen atom
of ammonia to produce the amino compound had a pronounced in-
fluence on the capacity of the compound to inactivate C'4. Ir
the substituent group was positive (simple alkyl) as in methy-
lamine and ethylamine, the action continued to be like the
ammonia action, A negative substituent group (e.g. phenyl
group ) diminished the amine.effect on C'4. Thus phenylhydrazirne
was about one half as aective as methylamine. Polar groups which
potentially lend acidlc or redox properties to amino compounds
comple tely abolished the effect on C'4. This was seen in such
compounds as the carbazides, urea, glycine and hydroxylamine.
Blocking of the polar groups restored the activity, as in the
case of methyl-hydroxylamine. Amines which have negative polar
grdups apparently needed extra physiological conditions of pH and
temperature in order to function as such toward aldehydes.

6. Amino compounds which have been treated previously
with aldehydes did not affect C'4. This was demonstrated by tle
failure of methenamine to inactivate C'4, and the similar failure
to activate amino compounds which were previously treated with
equi-molar propionaldehyde. Héwever, a mixture of equi-molar
parts of ammonia and propionaldehyde still inactivated complement.
This is not surprising since the ammonium aldehydes readily
release ammonia.

In no case was the comblement reactivated by the addition
of formaldehyde or propionaldehyde to amino and ammonia-treated

Sera. If the union of amino compounds with C'4 is of a loose



nature, reactivation should have taken place. Furthermore, the
apparent union of the amino compound with C'4 was sufficiently
stable to resist dialysis against 0.9 percent sodium chloride,
as shown by the failure of complementary activity to return
after such treatment.

An attempt has been made to relate these findings with
what is known of the serum constituents. C'4 in guinesa pig
serum is associated with C'2, which, after dialysis, contains
albumins (Hewitt, 1938; Ogston, 1938; Rimington, 1933), pseudo-
globulins, combined calcium (Gordon, Whitehead and Wormall, 1926b),
bound carbohydrate (Parsons, 1926) and lipid. Albumins do not
appear to be significant in the lytic action of serum (Ecker,
Jones and Kuehn, 1941), and these same authors have shown that
complement is entirely resident in the globulin fraction. Nor
are lipids involved in C'4 (Pillemer,-Seifter and Ecker, 1940).
Carbohydrate is bound to the serum pseudoglobulin (Hewitt, 1938).
In addition to the factor which 1s attacked by amino compounds,
complement, 1t has been established, has a non-diffusable
calcium factor (Gordon, Whitehead and Wormall, 1926b). All of
these facts and the experimental findings reported by Pillemer,
Seifter and Ecker (194la), would seem to indicate that the end-
plece of guinea pig complement is the caleium-carbohydrate-
pseudoglobulin molecule. In the light of this, C'4 would be
the carbohydrate (the assumption being made that it contains the
reactive carbonyl group), and the complex calcium-pseudoglobulin
molecule would be the carrier. Additional support for this

view is to be found in the immunologlcal experiments which
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indicate that ammonia-treated-serum does not differ from normal
serum in its serological specificity (Gordon and Marshall, 1929),
and that bound carbohydraté of serum proteins does not influence
their specificity (Heidelberger, 1938).
b, Yeast.

As has been previously mentioned von Dugern (1900) was
the first to describe the inaetivation of complement by tréatment
with yeast cells, His observation was confirmed by Ehrlich and
Sachs, 1902), and Coca (1914) further showed that the inactivation
was due to the removal of a relatively heat stable component and
not to the addition of an inhibiting factor.

Whitehead, Gordon and Wormall (1925) inactivated serum
using PFleischmann's yeast, which proved to be more effective
than ordinary baker's yeast. The serum was mixed with a thin
paste of yeast cells, and incubated for 2 - 3 hours, folloring
which the'yeast cells were removed by centrifugation. Serum
treated in this manner was usually quite devold of hemolytie
activity. The activity could be restored by adding smsall
amounts of guinea plg serum, which had been previously in-
activated by heating at 56°9C, The method was, however, by no
means certain, since much depended upon the amount of yeast used,
and the time of incubation. These authors reported that this
inactivation by yeast was not due to enzymes.destroying the
third component, nor due to inhibiting substances released by
the yeast. They theorized that the yeast may raise the salt
content of the serum so much that hemolysis is inhibited by osmotic

action, or that the yeast may cause an acidity in the serum



sufficient to precipitate the midpiece. Neither of these theoriles
proved to be correct. They concluded therefore that yeast in-
activated guinea pig serum by combining physically of chemically
with the third component. The same authors demonstrated that
while live yeast cells proved to be a most uncertaln method of
removing C'3, heated zymin was almost invariably successful.

Zymin was prepared by mixing fifty grams of Fleishmann's
yeast with 300 mi. of acetone. The suspension was stirred for
ten minutes and passed through a Buchner funnel. The residual
mass was again stirred in 100 ml., of acetone for two minutes
end refiltered. The residue was then kneaded with 25 ml. of
ether for three minutes, filtered and spread on filter paper
to dry. After thorough drying the zymin was powdered.

Pillemer and Ecker (194lc) extracted from Fleishmann's
yeast a fine, almost white, hygroscoplic powder, which was in-
soluble in hot water, organic solvents and cold alkall.,

Chemical analysis revealed carbohydrate 94 percent, nitrogen
1.78 percent, magnesium 2.43 percent and phosphorus 6.4 psrcent.
This fraction was labelled the "insoluble fraction' and it
proved to be the agent responsible for the inactivation of

C*!3. This insoluble fraction inactivated the third component
in amounts only one-twenty-fifth of the required amount of fresh
yeast.

c. Lipid Solvents.

Several early inwestigators reported that lipid solvents
were able to insactivate complement. Ottolenghi and Mori (1905)

and Guggenheimer (1910) showed that complement treated with ether
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became inactive after the solvent was allowed to evaporate. It
was later reported by Todé and Mituse (1933) that the fraction
removed by extraction with chloroform or ether was the same as
C'4, They further claimed that a similarity existed between C'4
and the 1lipid fraction since calcium compounds, known to combine
with lecithin, inactivated this component. Benzéne inactivated ~
their complement and the inactive serum was regenerated by the
fraction soluble in benz#ne, but not by C'4. Since this heat- .
stable fraction did not reactivate ammonia-treated complement
they postulated a hypothetical fifth component.

Tokano (1936), however, could not demonstrate the exis-
tence of such a fifth factor, but noted that ether or chloro-
form disturbed C'4,

In summing up this work, it may be stated that little
attention has been paid fo the question of protein denaturation
during the process of lipid extraction.

Ecker, Pillemer and Grabill (1938), working with active
dehydrated complement, were not able to show any reduction in
the power of the complement after it had been extracted in the
cold with absolute alcohol, ether and petroleum ether. Fresh
cémplement was readily denatured by these solvents. Treatment
of active, dehydrated complement with chloroform, benzine and «
pyridine led to no change in initial titers. They found neo
evidence to suggest a fifth component.

Pillemer, Seifter and Ecker (1940) repeated the experi-
ments of Toda and Mituse but could find no evidence to suggest

that C'4 1s associated with a l1lipid complex.



- 29 =

d. Anticoagulants.,

The question of whether two of the important normal
properties of the blood, complement and coagulative activity,
are basically related, has long been of interest. Of the
elements making up the two systems, it lm s been claimed by Fuchs
(1929) that prothrombin and complement midpiece are the same
entity, or at least fhe saﬁe molecule is Involved, with different
groups being concerned in the two reactions (Quick, 1935).

Wadsworth, Maltaner and Maltaner (1937) reported on the
effect of many anticoagulants on complement. Many of these
substances did inhiblt complement activity, but there was no
correlation between their anticomplementary activity and their
anticoagulative powers, The euthors concluded that substances
which are anticomplementary and anticoagulative react with either
cephalin or calcium to prevent the interaction of cephsalin with
calecium and protein, the mechanism which they believe to be
responsible for the coagulative and complementary activities of
the blood. Many of their experlments are now interpreted in a
different light. No one has yet proven satisfactorily that
cephalin or calcium have anything to do with complement activity.
It has been suggested that heparin inhibits coagulation by virtue
of its high molecular size, and sulfuric acid groups. Further-
more, Bergstrom (1936) and Chargsff, Bancroft and Stenley-Brown
(1936) in their studies of synthetic sulfonated carbohydrates,
attribute the anticoagulative action of these compounds to a
similar mechanism., Ecker and Pillemer (1941) reported that
very small quantities of synthetic sulfonated carbohydrates



inactivated complement (0.5-0.8 mg. inactivated 1 ml. of serum).
Since these compounds contain strong acidic groups, these authors
suggested that the complement was inactivated by virtue of these
groups. Large quantities of heparin were needed to inactivate
complement. As heparin has a large molecular size, and possesses
acidic groups, two explanations for its inhiblitory action present
themselves. It elther inactivates complement through these
acidic groups, or through a disruption of the natural serum
equilibrium. Ecker and Pillemer concluded that there was no
definite correlation between the inactivation of complement and
the inhibitlion of coagulation.

Rice and coworkers (Boulanger and Rice, 1951; Rice,
Boulanger and Plummer, 195la; 1951b) conducted a parallel study
of complement and coagulation. They reported that dicumerol
produced a marked increase in the prothrombin time wvalues of
plasma of guinea pigs, without any accompanying change in the
whole complement titer of the serum or in the relative concentr-
ation in the four major complement components. When guinea
pigs were on low protein diets, the mean complement titers were
found to be lower and the prothrombin times longer in the group
fed the dlet containing the least protein, 2.3 percent. of
the four components of complement, C'4 seemed to be the most affect-
ed. Carbon tetraéhloride was fed to guinea pigs to determine
whether liver injury would result in a parallel decline in the
complement titer and coagulative properties of the blood.

Marked fatty degeneration of the liver, a decline in total

serum protein and albumin, a decrease in complement activity,
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and a prolongation of coagulation time was observed in the

treated animals. A general relationship was noted between the
albumin-globulin ratio and the complement titer of the serum, and
between the complement titer and the coagulation time of the plasma.

e, Ascorbic Acid.

In the 1920's and 30's there were many contradictory
reports on the effect of scurvy on complement titers (Hamburger,
R. and Goldschmidt, L., 1922; Koch, M.L. and Smith, A.H,, 1924;
Simola, P.E. and Brunius, BE., 1933; Marsh, F.R., 1936; Hargan,
E.S., 1936) The majority of these papers repar ted that there
was no decrease in complement titers during scurvy, in fact two
authors (Hamburger and Goldschmidt, 1922; and Koech and Smith, 1924)
found a slight increase in the-titer at this time.

In 1937 Ecker, Plllemer, Wertheimer and Gradis carefully
studied the relationship between ascorbic acid and complement.
Since feeding of vegetasbles introduced numerous other factors,
animals were given ascorbic acid; one group intraperitoneally,
and the other groups orally. They were able to demonstrate
experimentally that a correlation existed between compiement
activity and the ascorbic acid level of the blood of guinea
pigs. They reported that complement titers rose as the ascorbic
acid content of the blood was increased to 1.0 milligram percent,
but that above this level no further increase ococurred.

Kodicek and Traub (1943) tested groups of guinea pigs on
diets supplemented with 6.5, 1.0 and 10.0 milligrams of ascorbic
acid. Using the point of 50 percent hemolysis as the unit of

comparison in their titrations, they found that, although the
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animals on the vitamin-C-defieienti:diet had lost weight, their
complement titers were not altered significantly.

Rice and Boulanger (1950a) carrying out similer experiments,
obtained essentially the same results. They reported that the
majority of guinea pigs on a basic pellet dlet, without roots or
vitamin C supplement, would develop symptoms of scurvy and a
considerable number die without showing any significant decrease
in complement titer. A few animals however, which had become
greatly emaciated, had ceased to eat and were on the point of death,
showed complement titers significantly lower than those of guinea
pigs on the same basic diet with root supplement. Aside from
the effect of scurvy in reducing the food intake of the animals,
the omission of vitamin C from the diet from 2-4 weeks had no
consistent reducing effect on activity.

These reports may not be as contradictory as they appear.
From the work of Ecker, Kodicek and Rice it may be reasoned that
& deficlency of vitamin C does not reduce the complement activity,
but that a slight excess of vitamin C causes a rise in the titer,

f. Magnesium,

The enhancing effect of Mg'* on the lytic function of
complement has long been known (Cernovodesun and Henri, 1906;
Kellogg and Wells, 1926), but for a long time its utility and
significance was overlooked, |

In search for possible clues concerning the enzymatic
nature of complement, Mayer, Osler, Bier and Heidelberger,
(1946 ) studied the effect of Mg**, and they were able to show

that this element 1s essential for the hemolytic action'of



complement, The hemolytic system usually does not contain
sufficient magnesium for optimal hemolytic activity, so that a
marked enhancement can be obtained by addition of extra magnesium
ions.

- Substances which bind Mg+* were anticomplementary when
added to the usual hemolytic system, which contained only a
small quantity of the ion. This type of anticomplementary effect
can be overcome by addition of extra Mg+*.

2. Calcium.

The role that calcium plays in complement function has
long been a matter of discussion, In 1921 Liebermann expressed
the view that the active complement responéible for immune hemo-
lysis was none other than the soaps normally occurring in the
serum, This author claimed to be able to prepare an artificial
complement by adding to heat inectivated serum a methyl alcoholie
solution of calcium oleate, the mixture obtained being hemolytie
towards sensitized cells but having no effect on unsensitized
cells. Several other authors have repeated these experiments,
but state that the solutions obtalned have no specific action on
sensitized cells.,

Gordon, Whitehead and Wormall (1926b), observed that the
removal of the diffusable calcium did not influence complementary
activity, but that a correlation existed between the bound calecium
of serum fractions and their ability to reactivate ammonla-treated
serum, However, attempts to reactivate ammonia-treated serum
by the addition of calcium in various forms were unsuccessful,

They also showed that when complement was split by carbon diexide
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all the calcium passed into the albumin fraction.

Wadsworth, Maltaner and Maltaner (1936) believed that
ionized calcium was necessary for complement function, since the
removal of bound calecium from the endpiece by acid dialysis re-
sulted in a loss of complement activity. They claimed that the
loss of endpilece activity could be restored by the addition of
calcium salts. It is difficult to judge whether the loss of
complement activity was due to the removal of calclum, or to the
low pH at which dialysis was carried out.

In 1941 Pillemer and Ecker (1941b) studied the role of
calcium in complement function, They reported that whenever
calcium was removed on the acid side, there was always some
degree of C'2 inactivation along with an effect on C'4; while
its removal (up to 98 percent) in neutral of slightly alkaline
media had no effect on either C'2 or C'4. Their results in-
dicated that no definite relationship existed between bound
calcium and C'4,

It is the opinion of Pillemer and Ecker (1941b) that
calcium may be a structural part of the pseudoglobulin-fourth
component-complex, but not vital to its function; and that
removal of the calcium may be effected without disturbing C'4
activity.

he Congo Red.

The action of congo red, and a number of other dyes, on
complement was first reported by Klopstock in 1924. He suggested
that his results supported the view that complement inactivation

1s a physico-chemical phenomenon in which the collecidal state
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of the reacting substance is an important factor. The 1list of
dye stuffs which he employed included members of various chemical
groups.

Gordon (1930) also showed that congo red and related dyes
inactivated complement as shown by tests on the bactericidal and
hemolytic activity of normal guinea pig serum. This inactivation
was unaccompanied by'destruction of complement, since charcoal re-
moved congo red from an inactive mixture of complement containing
serum and dye, thereby restoring its hemolytic activity. This re-
versibility, which was readlly demonstrated, indicated an adsorp-
tion phenomenon by the dye of the complement.

In 1945 Gordon and Walker concluded that the anticomple-
mentary activity of the dyes of the congo red series appeared to
be dependent more on the molecular sige of the reacting substance
than on any specific grouping within the molecule. They showed
that replacement of the amino groups by hydroxyl groups in neo
way reduced the anticomplementary activity of congo red dyes.
These authors were able to reverse anticomplementary effect by
adsorbing the dyes on silk.

i. Gamma Globulins.

It has long been known that increased serum globulins are
frequently antiéomplementary. If suitable proportions of
complement and globulin are incubated the hemolytic power of
the complement is inhibited (Zinsser and Johnston, 1911).

Davis, Kabat, Harris and Moore (1944) reported on the
anticomplementary effect of globulin fractions separated by

electrophoresis. From their results it was apparent that the

ability to interfere with the activity of complement was a
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property of normal gamma globulin or some constantly present
portion thereof. Electrophoretically separated gemma globulin
from a number of normal human sera was highly anticomplementary,
as little as 0.04 milligrams of protein giving complets inhibition
of hemolysis. Purified Wassermann antibody, prepared by dis-
sociation of the specific precipitate, was anticomplementary in
similar amounts., The anticomplementary action was decreased

by heating at 56°C. for one half hour, and was abolished by the
addition of approximately equal amounts of albumin or beta
globulin.

The mechanism of the complement-fixation reaction proposed
by Heidelberger, Weil and Treffers (1941) involved the assumption
that complement could enter into easily dissociable compounds
with antibody molecules in the absence of antigen; when antigen
was introduced the molecules of complement became firmly bound
in the antigen-antibody aggregsates. The observation that normal
gamma globulin is highly anticomplementary in the absence of the
inhibiting effect of other serum proteins, together with the
current belief (Kabat, 1943) that antibodies are modified gamma
globulins, suggests that these modifications in the cellular
synthesis of gamma globulins which produce antibodies may not
be necessary for the development of affinity for complement.

While participating in the study of the therapy of scarlet
fever with human gamma globulin, Waring and Weinstein (1947)
carried out experiments to see what effect this gamma globulin
was having on the complement of their patients. They found this
material to be anticomplementary in the test tube even after the
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addition of considerable amounts of human albumin. Ten patiehts
received intramuscular injection of the globulin, but no decrease
in complement activity was noted. This was not surprising in
view of' the albumin content of human serum, the dilution by the
circulating blood, and pessibly the relatively slow rate of ad-
sorption following intramuscular injection.

j. Mustard Gas and Related Compounds.

Complement is readily inactivated by processes which
affect the state of the serum proteins, and since mustard gas,
BB'-dichlorodiethyl sulphone (H-sulphone), and divinyl sulphone
react with a variety of proteins (Banks, Boursnell, Francis,
Hopwood and Wormall, 1946a; 1946b) it is not surprising that
they inactivate complement,

Boursnell, Prancis and Wormell (1946) reported that small
amounts of mustard gas inactivated complement, as did divinyl
sulphone. H-sulphone inactivated complement, but relatively
slowly when compared with these other two substances. The in-
activation appeared to affect all the components of complement.
There was some indication, however, that the relatively heat
labile components, C'l and C'2 were more rapidly inactivated
than the other two components. The authors suggested that mus-
tard gas and divinyl sulphone differed considerably in the way
in which they reacted with the protein molecule, and it was
probable that they differed in their action on complement,

The combination of H-sulphone and divinyl sulphone with
proteins was mainly concerned with a reaction of the sulphone

with the free amino groups of the protein, and it was possible
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that inactivation of complement by these two reagents was effected
by this means. In the case of mustard gas, however, the reaction
with proteins was apparently concerned with the carboxyl and
iminazole groups (Banks, Boursnell, Francis, Hopwood and Wormall,
1946b).

Another possible mechanism for the inactivation of comp-
lement by these compounds is the oxidation of the -SH groups of
the serum proteins. Mustard gas, H-sulphone and divinyl sulphone
all readily react with -SH groups, and a reaction of thés type
might account for part at least of their inactivating action on
complement, Ecker, Pillemer, Martiensen and Wertheimer (1938a)
have suggested that complement may possess -SH groups, and that
inactivation by oxidation might be due to their conversion té-di-

sulphide ( -S-S-) groups.

4. SEASONAL FLUCTUATIONS.

It is a well recognized fact that the complement titer of
guinea pigs tends to fall in the late winter and early spring.
When the feeding of green grass is begun the general health of
the animal improves rapidly end there is often an abrupt rise in
complement titer. This would suggest that some dletary require-
ment is concerned.

This suggestion was investigated by Rice and Boulanger
(1950b ), who noted that in late March a certain proportion of
their individual guinea pig sera had complement titers below the

level accepted as satisfactory for routine complement-fixation

tests., They planned therefore, to continue to feed the guinea
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plgs the stock diet of pellets until May, when green grass would
be available. It was then proposed to compare the relative
effects of known vitamin supplements with that of green grass
upon complement recovery. This carefully planned experiment
was completely upset, however, by the unexpected behaviour of
the test animals: Their mean complement titer began to return
to normal levels about the middle of April; that is well before
gréen grass could be secured. This was observed both in the
group of animals receiving pellets.supplemented by roots and in
those given pellets alone. It would appear therefore that since
the diet had not been altered, some other factor must have been
involved in the complement recovery. What this seasonal fac-
tor is has not been dlscovered.

A similer fluctuation in horse serum was reported in the
same paper., In Msy, although on the same diet as previously,
the complement titer of this animal was three times what 1t had
been in March. This higher titer was maintained dﬁring the
summer months, then began to decline in November, and in Febru-

ary and March had reached the approximate level of the year before.

S. COMPLEMENT ' IN DISEASE.

Complement has been deemed in the past to be a normal and
invariable constituent of blood serum. It is held to be a pro-
tective agency because of its destructive activities in resp-
ect to invading orgsnisms, after the latter have been sensi-
tized by the antibody which is pfoduced in response to the anti-

genic action of the invader. The theory is that complement
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is one of the factors which guards the body agalnst pathogenic
organisms, that it aids in the combat against established and
well-seated infection, and that 1t tends in a way to supplement
the combative activities of antitoxins, serums and vaccines.,

In short, complement is held to be a necessary factor in
bacterliolytic Immunity ip respect to infection.

This latter point was reported upon by Rich (1923) who
had a strain of guinea pigs in which he could detect no comple-
ment activity. These pigs were weaklings, and very hard to
raise, due to the fact that minor infections proved fatal to
them. Systematic immunization, however, would produce immmnity
to any specific organism, and lack of complement did not inter-
fere with the production of agglutinating antibodies. It seems
probable that the strain was not totally deficient in complement,
but was lacking in one component only.

Ecker, Seifter, Dozols and Barr (1946) in a survey of
complement 1n infectious dlseases in humans, arrived at the
conclusion that many of the apparent contradictions and in-‘
consistencies encountered in the literature could be attributed
to the lack of a uniform technique of complement assay and to
an inadequate definition of the limits of "normal"” and "abnormal®
complement levels. In general, while the observed complement
level of ten changes in the course of infection, the extent and
direction of the changes were by no means always similar in
different diseases, or even in individual instances of the same

disease. Furthermore, little information existed concerning

the variability of the complement components in the course of
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infectlions.

Ecker and coworkers (1946) reported that in those cases
showing a decrease of complementary activity, a marked decrease
or even disappearance of C'4 occurred. In other cases, in
addition to a diminution of C'4, a decrease of C'2 and C'l ﬁas
observed. C'3, however, except i1n one instance, did not show
a loss in activity. In all cases showing no hemolytic comple-
ment, G'4 was strikingly reduced. It is interesting to note
that in normal complement the latter component is one of maximum
titer. In the cases studied, C'l varied only slightly. Fre-
quently, low complement activity was observed in epidemic menin-
gococcal meningitis; ninteen of thirty-eight patients with this
disease exhibited diminished complement. In cases of erysipelas,
high complement levels were noted.

In a subsequent study, Seifter and Ecker (1946) identified
complement components in the precipitated urinary proteins of
patients with nephrotic syndrome, and in cases of acute and
chronie glomerulitis, C'2 was consistently found in the urine,
C'3 and C'4 were also detected, but C'l was seldom preaent.

As a possible explanation it was pointed out that C'2 is a highly
soluble protein, whereas C'l is a euglobulin. The excretion or
retention of the components might therefore be determined by their
solubilities. |

Although it has long been known that a reduction in comp-
lement activity occurs during malarial paroxysms (Cathoire, 1910;
Vincent, 1910; Wendelberger and Volavsek, 1934; Zermati and

Vargues, 1947), further work employing more accurate methods,
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was necessary to establish the loss in comparison with the
complement activities of healthy individuals., Dulaney (1948)
stated that the 50 percent unit of hemolytic complement for thirty
normal individuals ranged from 0,0032 ml., to 0,006 ml, with a
median of 0,0045 ml., and that day to day variations in these
individuals appeared to be slight. No marked varietion from

the narmal was noted in the sera of twenty-five patients with
liver disease, or in thirty-two patients with non-infectious
diseases of various types. However, in 178 titrations of

the sera of 24 neurosyphilitics treated with malaria, complement
was usually diminished. This deerease in some instances was
slight, but in severe cases was great, Two of the patlents
showed reductions from 0,0048 ml. before inoculation to 0.08 ml.

- at the tenth day after inoculation, and 0.28 ml. on the twentieth
day after inoculation. One of these cases had a preinfection
titer of 0,0039 ml. and on the thirteenth day following in-
oculation a titer of 0,0134 ml., On the twentyfirst day the titer
stood at 0,225 ml.

It is an interesting observation that the complement
depression coincided with, or followed, the peak of parasitemia
for that individual. Dulaney was, however, unable to correlate
the complement values with the number of parasites.

McGhee (1952), working with malaria in ducks, reported
a slgnificant reduction in the titer of whole complement. This
reduction was evident in all but one duck in which the infection
never rose above 150 parasites per 10,000 erythrocytes. The

percentage loss of complement in all infections, independent of
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the number of organisms, was approximately the same. The
reduction in titer was not always associated with the presence of
in vivo hemolysis, caused by the parasites, but in ducks in which
hemolysis did occur, there was a coincident drop of titer. When
hemolysis occurred on successive days, the titer remained low.

In ducks which recovered, 1t gradually increased to normal levels.

As with whole complement, hemolysis was indicative of
changes in the components. Moreover, the component titers were
affected on the terminal day of infection whether hemolysis was
present or not. When hemolysis occurred 6én the terminal day,
all components showed a mean loss of 71 to 86 percent in titer.

In subterminal hemolysis there was never less than a 50 percent
reduction of C'4, and C'2 was reduced in all ducks, from 20 to
85 percent. The loss of C'l and C'3 varied from no loss at all
to 60 percent in the different ducks.

It is the belief of the author that the in vivo hemolysis,
the reduction in number of parasites, and the total or differential
loss in component titers reflects an antigen-antibody combination,
and that the percentage loss of the various components is an
indication of the intensity of this reaction.

Huddleson (1948) reported that, in brucellosis, a rapid
and complete termination of the disease can be accomplished either
in the experimentally infected guinea pig or in the human being
by making use of the potentiating property of certain of the
sulfonamides on the serum antibody-complement system. Ir
fresh serum from the infected animal or man, tested during the

oral administration of the drug (sulfadiazine or sulfamerazine)
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showed a bactericidal effect against the organisms in the test
tube, and if this action persisted in vivo for at legast six days,
then all the organisms in the body fluid were destroyed and
recovery ensued. On the other hand, if the disease had prog-
ressed to the point where a large partion of Brucella serum
antibodies had apparently lost thelr power to bind complement
(Néisser-Wechsberg phenomenon), the presence of the sulfadiazine
in the blood in high concentration (30 milligram percent) had

no appreciable effect on the antlbodies. The solution of this
problem was accomplished by the combined use (in transfusion) of
normal whole blood, plasma, or serum, and in the oral administr-
ation of small quantitiss of the drugs.

. Jordan (1942) in his studies on complement in disease,
went so far as to state that "if, in patient with icterus, the
complementary power of the serum 1s found to be high, this is
an argument ..... 8gainst the existence of an atrophie eirrhosis'”,
In some cases of Well's disease, and in other patients with
"catarrhal jaundice", normal or even high complement levels
were observed. Strikingly high values were found in patients
with mechanical obstruction of the bile ducts. Also, low
values were obtalned in patients with diseases of the bones
(Kahler's, Schuller-Christian's, Albers-Schonberg's diseases
and carcinomatosis). Local affections of the skeleton (tuber-
culosis, tumour), however, resulted in no changes. In lipoid
nephrosis low values wére observed.

Bieler, Spies and Ecker (1947) noted no significant

deviations from the normal in the sera of eight persons with
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hypoproteinemia without infections.

Although 1t has been known among serologlists that the
serum of a pregnant guinea pig was likely to be unsatisfactory
for use in complement fixation, it was not until 1947 that
Ecker, Hiatt and Barr sttempted to delineate the range of
variation of complement during pregnancy. From their data it
is seen that pregnant guinea pigs have a complementary titer of
about one half that of normal healthy animals, After parturition
complement activity gradually increases towards the level normal

for nonpregnant female gulnea pigs.

D. SULFONAMIDES

Until Domagk in 1935 first reported the usefulness of
prontosil in hemolytic streptocoecal infections, and Trefouel et
al (1935) established that the active part of the compound was
the sulfanilamide molecule, specific antipneumococcal serum
therapy had been the only means of combating pneumococcal in-
fections. The first American report on the use of a sulfonamide
in veterinary therapeutics appesared in 1937 (Allott, 1937).
During the years which have elapsed since the appearance of that
report, the sulfonamides have received clinical trial in a wide
variety of infectious diseases in animals, From data compiled
by Northéy (1948) showing the relative order of effectiveness
of the various sulfonamides against a number of infections,
sﬁlfamethazine, sulfamerazine, sulfathiazole and sulfadiazine
are the most effective against the pneﬁmococcus in animals.

Sulfapyridine is also effective in pneumonia, but requires higher
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dosages to maintain therapeutic.blood levels (Thorp, 1944),

1, ABSORPTION, EXCRETION AND DISTRIBUTION.

The majority of the sulfonamides are given orally, and are
absorbed through the gastro-intesfinal tract. A notable exception
is sulfaguanidine, which 1is only slightly absorbed, and is there-
fore used for the treatment of various intestinal infections. The
rate and degree of absorption varies with the different sulfon-
amides; this means of course that the amount of drug required
to give a certain concentration in the blood depends largely on
which sulfonamide derivative is being used. In initiating the
treatment of an.acute infection, 1t may be desirable to establish
therapeutic blood concentrations with greater rapidity than 1s
possible with oral administration. In this case the initial
dose may be given by subcutaneous, intramuscular, or intraper-
itoneal injection (Schneller and Foss, 1948).

The renal clearance of the sulfonamides varies with the
different drugs. In man, and most mammals, the sulfonamide 1s
acetylated in the liver and passed in the urine. Varying
quantities of the non-acetylated drug may be reabsorbed by
the tubules of the kidney. The resultant of these biochemical
factors of absorption, acetylation and excretion, is the conc-
entration of the drug which is achieved and mainteined in the
blood stream, A minimum effective blood level is considered
to be five milligram percent, although somewhat higher levels
are desirable, and in certain ceses essential (Welsh and

Schroeder, 1946),
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A factor which conditions the distribution ratio of a
sulfonamide in the various tissues with respect to the blood
concentration, and which is probably concerned in the duration
of blood levels, 1s the degree of plasma binding. The sulfon-
amides differ quite widely in this respect. It has been suggested
that the drug bound to plasma protein is probably unavailable for
antibacterial action (Davis, 1944)., This hypothesis remains to
be adequately tested, as also the corollary premise that the
effective concentration of drug is that in or on the bacterial
cell, rather than the concentration of filterable drug in plasma

(Northey, 1948),

2. SULFONAMIDES AND COMPLEMENT ACTIVITY.

Until this time therse has been no investigation into the
effect of sulfonamides on complement activity. However, during
investigations of complement activity during disease, mention has
been made of these drugs 1n reference to complement titers.

In 1946 Ecker, Seifter, Dozols and Barr reported on the
complement titers of patients with various commmunicable diseases.
Several different infections were treated with sulfadiazine, and,
whereas in a patient with bronchopneumonia énd a sulfadiazine
blood level of 3.6 milligrams percent, the complement titer was
zero, a patient with scarlet fever, receiving 17 - 18 grams of
sulfadiazine a day, had a very high complement titer. Healthy
persons were dosed with sulfaediazine, as a control, and from their
results the authors concluded that the highest blood levels of

the sulfonamide drugs were without significant effect on the
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complement titer.

Se SULFAMETHAZINE AND ITS SODIUM DERIVATIVE.

Sulfamethazine was one of the later members of the sulf-
onamide family to come into genersal use, On the basis of its
wlde spectrum of antibacterial effectiveness, its low toxielty,
and the prolonged duration of therapeutie blood levels obtained
with oral or parenteral dosage, sulfamethazine stands hesd and
shoulders over the early sulfonamides used in veterinary
medicine,

In vivo experiments on mice have shown that following a
single intravenous dose, the concentration in the blood rises
more rapidly and falls more slowly with this drug than with
elther sulfanilamide or sulfepyridine (Welsh et al, 1946).

The latter 1s a result of its low excretion rate and the high
degree to which the drug is bound in the plasma protein, and
results in lower dosages maintaining effective blood concentr-
ations,

In vivo studies in many experimental animals indicate
that levels of 5 milligrams percent and over are therapeutically
adequate. Furthermore, the time involved in administration is
small because only once-a-day administration is required as
compared to the three §r four times a day administration necess-
ary in the case of more rapidly eliminated sulfonamides (Schneller,
Foss and Sullivan, 1948).

Sulfamethazine is leas toxie than sulfapyridine and sulfa-

thiazole, and no more toxic than the other pyrimidines. No signs
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of histopathologlical changes in the kidneys of animals resulted
from large repeated doses of sulfamethazine, despite the fact
that this drug produced higher blood concentrations than other
sulfonamides (Schneller et al, 1948).

Sulfamethazine 1s, therefore, of great use in veterinary
medicine, and is used frequently to cure infections in small and
large animals. It is the drug of choice against D. pneumoniae
in guinea pligs, where a solution of the drug is usually adminis-
tered orally.

Sodium sulfamethagine has all the properties of sulfa-
methazine and in: addition is much more soluble iIn aqueous
solutions. For this reason it is very often used in place of

sulfamethazlne.
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EXPER IMENTAL

A. MATERIALS AND METHODS.

1. MATERIALS.

a, Reagents.

Veronal Sodium Chloride Buffer.

.85.0 gm. NaCl,

5.75 gm. 5,5-dlethyl barbituric acid.

3.75 gm. sodium 5,5-diethyl barbiturate.

The acid was dissolved in 500 ml. of hot distilled water,
and added to the solution of the other two components. The
solution was cooled and made up to 2,000 ml. with distilled
water. The buffer was decanted into 250 ml. erlenmeyer flasks,
autoclaved at 120°C. for 20 minutes, and stored at 5°¢C, Before
using, one part of buffer was diluted up to five with distilled
water. The pH of the dlluted solution was 7.3 to 7.4

This buffered salt solution was used throughout all
experiments for diluting complement and hemolysin and for wash-

ing cells.
Alsever's Modified Solution.(Bukantz, Rein and Kent, 1946)

Each 100 ml. of solution contained:

2.05 gm. dextrose.

0.80 gm, sodium citrate.

0.42 gm, sodium chloride.

0.055 gm. citric acid.

The solution was autoclaved at 120°C., for 10 minutes, and

stored at 5°C., the final pH being 6.1.
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b. Test Materials for Complement Titrations.

Complement.

Guinea pig serum was used throughout as the source of
complement, All guinea pigs weighed over 700 gm., and were
normal healthy animals. They were arranged in groups, and the
sera of the guinea pigs in a group was pooled. All complement
used contained the sera of at least three guinea pigs.

Blood was obtained by cardiac puncture of unanaesthetized
animels. A 10 ml. glass syringe with a 20 guage needle was used,
and amounts ranging from 4 to 8 ml. were withdrawn from each
animal. Care was taken that the guinea pigs were not fed before
being bled. To insure this the animals were always bled in the
morning, and fed in the early afternoon. Water was available in
the cages at all times.

The blood was placed in clean 15 ml. centrifuge tubes.
After 1t had clotted 1t was'rimmed, and placed at room temper-
ature for one hour, The serum was separated from the clot by
centrifugation, and was withdrawn with a pasteur pipette.
Complement which was not tested immediately, was placed in 10 ml.
ampoules, which were sealed, labelled, and placed at -25°C, At
this temperature the complement coﬁld be kept indefinitely with
very little reduction in hemolytic titer.

Hemolysin.

The hemolysin was prepared in normal, healthy rabbits.

Two ml. of cltrated sheep red cells were washed three times in

cold saline, and resuspended in one ml. of saline. This dose

was injected into the marginal ear vein of a rabbit, three times
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a week, for three weeks. After the slxth dose a small amounf
of blood was teken from the ear vein and the antibody titer de-
termined. If the titer was 1:6000 or greater, the finel in-
Jections were not given.

Thirty ml. of blood were taken from each rabbit, by
cardiac puncture, placed in sterile test tubes, and allowed to
clot. The serum was separated from the clot by centrifugation,
and the clear serum heated at 56°C. for thirty minutes. This
temperature destroys all of C'l and C'2, but does not greatly
affect C'3 or C'4 (Dozois et al, 1949). The hemolysin was
placed in vials, which were sealed with paraffin, and stored at
5°c.

Sheep Red Blood Cells.

50 ml. of sheep's blood was withdrawn from the external
jugulaer vein and added to 60 ml. of modified alsever's solution;
sterile technique was closely observed. The cells stored in
this medium became constant in their susceptability to lysis
after 48 hours at 5°C., and remained at the same level of suscep-
tability for at least 10 weeks (Bukantz, Rein and Kent, 1946).

The amount of cells required for a days work was removed
aseptically, and washed with buffered salt solution. Care was
taken that there were always ten volumes of buffer to every one
of cells. The cells were washed three times, and centrifuged at
2570 r.p.m. for 10 minutes between each washing. For the final
washing the cells were suspended in graduated centrifuge tubes
and centrifuged as above, and the volume of packed cells was

noted. To the packed cells, 19 volumes of veronal NaCl buffer

were added, resulting in a 5 percent suspension of red cells.
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Sulfonamides.

The following sulfonamides were used in experimental work:

Sulfamethazine.

Sodium Sulfamethazine.

(Trade name Coxine)

Sulfadiazine.
Sulfeapyridine.
Sulfasoxizole. (Trade name Soxisol)
d. Reagents for Sulfonamide Determinations.

154 trithloracetic acid solution.

0.1% Sodium nitrate solution (freshly prepared each week).

0.5%4 Ammonium sulfamate solution.,

0.1% N-(l-naphthyl)-ethylenediamine dihydrochloride solution.

(Stored in a dark bottle.)

Stock solution of sulfamethazine, containing 200 milligrams/liter.

Dilute standards of sulfamethazine, prepared

5 ml,
10 ml.
20 ml,
40 ml.
50 ml.
60 ml.

stock
stock
stock
stock
stock

stock

Media.

=X

Yesast medisa.

solution diluted to
solution diluted to
solution diluted to
solution diluted to
solution diluted to

solution diluted to

2.0% bactopeptone.

2.0% cerelose.

0.1% inositol.

0.01% thiamin,

100 ml.
100 ml.
100 ml,
100 mil.,
100 ml.
100 ml.

as follows;

1 milligram %.

2 milligrems %.
4 milligrams %.
8 milligrams %.
10 milligrams %.
12 milligrams %.
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Modified Saberaud medila.
1.0% neopeptone.
2.0% cerelose.
Blood agar plates.
Pneumo broth.

"L.S. broth.

2. METHODS .

8, Complement Titrations.

i, Titration of Hemolysin.

Hemolysin wés titrated against a constant amount of
complement and sheep red cells. The latter were used in a
3_percent suspenasion, and 0.4 ml. of a 1l ¢ 10 dilution of comp-
lement provided a constant excess of this material.

0.1 ml, of hemolysin was added to 9.9 ml. of saline, and
mixed by blowing in and out with a pipette 30 times. 0.5 ml.
of the 1 : 100 dilution was added to 4.5 ml, of saline, to give
a l : 1000 dilution, and mixed as above. A 10 tube titration
was set up, as in Table I,

The tubes were shaken and incubated in a 37°C. water bath
for 30 minutes. The highest dilution of hemolysin giving comp-
lete hemolysis at the end of this time was taken as the tlter.

A titer of 4,000 units per ml., or higher, was required for
complement titrations. Throughout all experiments the hemo-
lysin was diluted with veronal NaCl buffer to contain 5 units

per ml.
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Table I.

Titration of Hemolysin.,

Complement Hemolysin Buffered| Sheep cell
Tube. | Dilution. { dil. 1/10.| dil. 1/1000.| saline. | suspension

_ 3%,
ml. ml. ml, ml.
1. 1 0.4 o4 0 0.4
1000
2. 1 0.4 <27 <13 0.4
1500
3. 1l 0.4 o2 2 0.4
3000
4, 1 0.4 «13 .27 0.4
3000
5. 1 0.4 el 3 0.4
4000
6. 1 0.4 .08%7 e 333 0.4
6000 .
7. 1 0.4 .05 «35 0.4
8000
8. 1 0.4 +04 «36 0.4
12000
9. 1 0.4 .025 375 0.4
16000
10. 1 0.4 «0125 + 3875 0.4
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ii. Sensitization of Sheep Cells.

The required amount of a 5% suspension of sheep red blood
cells was placed in a flask, and to 1t was added an equal volume
of hemolysin, containing five units per ml. The mixture was
well shaken, and stood at room temperature for 15 minutes prior
to use, The concentration of the sensitized red blood cells
was approximately 250,000,000 erythrocytes per mt,

iii. 20 Tube Complement Titration.

To a serles of 20 serology tubes, complement, diluted
1 : 30, was added in amounts renging from 0.01 to 0.20 ml, A
0.2 ml, pipette graduated in 0,001 ml. was used, and the dilutod
complement was delivered to the bottom of each tube. Veronal
NaCl buffer was added to give & volume of 0.2 ml. in each tube.
The tubes weré_rotated and 1 ml., of the sensitized cells was
added. The racks were thoroughly sheken and incubated in a
37°C. waterbath for 30 minutes.‘ After incubation the tubes
were elther plaégd at 59G., overnight and read in the morning, or
centrifuged at 2,570 r.p.m, for 5 minutes, and read immedlately
againat a standard.,

iv. Hemolytie Standard.

Each day a fresh hemolytic standard was prepared. A
washed, packed sediment of sheep red blood cells was diluted in
distilled water to give a 5% suspension. To this suspension
an equal volume of 1.7% NaCl was added, resultiné in a 2.5%
suspension of hemolysed red blood cells in physiological saline.
To 21 serological test tubes the 2.5% suspension was added in

amounts which increased from zero to one ml. by an arithmetie
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progression of 0.05_m1. A 2.5% suspension of normal, unhemo-
lysed, red blood cells in saline was added to each tube to make

~a total volume of one ml. 0.2 ml. of saline was added to each
tube to make a final volume of 1.2 ml., the same volume as in the
test tibration. The fesult was a hemolytic standard which ranged
from no hemolysis in the first tube, to complete hemolysis in the
last tube, with each 5 percent change in hemolysis recorded between
the two extremes. The standard tubes were centrifuged, and the
test titrations-compared with them.

ve Initial, 50 and 100 percent hemolysis.

The method most commonly used to determine the efficliency
of complement, has been to measure the amount of complement neces-
sary to produce complete hemolysis of a given volume and concentr-
ation of sensitized sheep red cells. Such a unit is a most var-
isble quantity. According to Brooks (1920) "it is impossible
to make a dependable interpolation between the lowest conésmtiabion
producing complete hemolysis and that jJjust failing to do so, for
when hemolysis is nearly complete large changes in the amount of
complement produce little change in the amount of hemolysis",
Brooks therefore suggested determinations of the proportion of
cells hemolysed in each mixture rather than the number of cells;
i.e., the depth of the colour of the supernatant fluid. Wadsworth,
Maltaner and Maltaner (1931) have also called attention to the
inaccuracy of titration carried out to the point of complete
hemolysis.

Brooks observed that a complement titration plotted on

graph paper gave an "S" shaped curve (Graph I). The steepest
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part of the curve lay between 30 and 70 percent hemolysis, indic-
ating that between these two points small volumes of complement
caused large changes in hemolysis. He therefore suggested that
the 50 percent hemolytic unit was a more sccurate measure of the
complement titer.

Koopman and Falkner (1935-1936) insisted that titrations
should be read where hemolysis began, so that they would be in-
dependent of the inevitable variations in cell concentrations
and also to minimize the resistence to further complement action
engendered by hemolysis., In complete agreement with Koopman
et al, Ecker, Pillemer, Wertheimer and Gradis (1938) also found
that the amount of hemolysis obtained was not directly proportion-
al to the amount of complement present. They carefully observed
the first tube to show faint hemolysis and took this as their
titer. These authors stated that this initial unit of hemolysis
was the most accurate measurement of the activity of the comple-
ment.

In the following experiments both initial and 50 percent
hemolysis was noted, and both figures will be given in the results.
In certain cases complete hemolysis was used as the point of
comparison.

b. Fractionation of Complement.

Methods have been evolved to inactivate one or more of
the components of complement and to leave the remaining components
active. The asctive components are called "fractions" and are

named after the method used in their preparation.
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i. Preparation of the Midpiece (M.) end Endplece (E.)

Fractions by the Carbon Dioxide Method.

Distilled water was saturated at room temperature with
carbon dioxide gas, which was allowed to bubble through the
water for 30 minutes under slight pressure. To 9 ml. of the
carbon dioxide saturated water 1 ml. of serum was added, sand
carbon dioxide gas was again passed through the mixture for 20
minutes. Foaming, produced by the bubbling of the gas through
the serum, was kept at a minimum by gently waving a wooden appli-
cator stick, dipped in capryl alcohol, over the liquid. DBecause
of the hemolytic quality of the alcohol, care was taken to avoid
allowing the saturated applicator stick to touch the liquid.

The globulin precipitated after 20 minutes saturation of the
serum with carbon dioxide was rapidly centrifuged in an inter-
national centrifuge, Type S.B.1l, at a speed of 3,000 r.p.m, at
room temperature, and resuspended three times 1n distilled water,
after each time again being centrifuged as above. The precip-
itate was then redissolved in 10 ml., of veronal NaCl buffer.

The endpiece which was present in the supernatant, after
the precipitation of the globulin, was made isotonic with 17
perceht NaCl solution.

The two fractions were then placed in flasks in a dessic-
ating jar, which was sealed and connected to a vacuum pump. The
jar was evacuatéd under slight pressure for one half hour to remove
the residual carbon dioxide from the fractions. Both fractions
were then tested for neutrality with Accutint indicator paper,
and the pH brought up to 7.0 with 0.1 N EalH,
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If tpe fractions were not to be used immediately, they
were placed in glass ampoules, which were sealed and labelled,
and stored at -25°C,

i1i. Preparation of Fraction 56, Containing C'3 and C'4.

To inactivate the first and second components, the required
- amount of complement was placed in a 56°C. waterbath for 20 minutes.
Following incubation it was diluted 1 : 5 with veronal NaCl buffer,
and if not used immedlately it was placed in glass ampoules, which
were sealed and stored at -25°C,

iii. Preparation of Fraction H, Containing C!'l, C'2 and C'3.

Although dilute ammonia is commonly used for the specifie
inactivation of C'4, i1t has been the practice here to use hydrazine,
as suggested by Pillemer, Seifter and Ecker (1941 a). Ammonis,
although a specific inactivator of C'4, has often damaged the
midpiece of complement, by virtue of its high pH. Hydrazine
has a pH of between 7.2 and 7.4 and is therefore not destructive
to the midplece. |

A 0,16 M solution of hydrazine was used. Amounts ranging
between 0,05 and 0.15 ml, of the hydragzine solution were added
to 1 ml. of serum, thoroughly mixed, and incubated in a waterbath
at 37°C, for one hour. The smallest quantity giving complete
inactivation of the complement was used for further inactivation.
To each ml. of hydrazine insctivated serum, 4 ml. of veronal
NaCl buffer were added, and if the fraction was not to be used
immediately it was stored in sealed glass ampoules at -25°C,

iv. Preparation of Fraction Z, Contalning C'l, C'2 and C'4.

Several methods for the inasctivation of C'3 were tried,
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before a successful one was found,

(1) Insctivation with yeast cells.

Following the method of Robinson, Whitehead and Gordon
(1925), a cake of L'Allemand's yeast was mixed with saline to
form a thin paste. 5 ml, of the paste was placed in each of 4
test tubes, 3 of which were placed in a boiling water bath for
45 minutes, while the fourth tube was left at room temperature.

At the end of this time the tubes were centrifuged at 2,560 r.p.m.
in an angle centrifuge, and the supernatant decanted. 0.5 ml. of
serum was added to each tube, the contents stirred with a glass
rod, and the tubes incubated at 37°C. for varying lengths of time,
After incubation 4,5 ml, of veronal NaCl buffer was added to each
tube and the tubes were centrifuged for 20 minutes at 2,560 r.p.m.
The supernate, complement diluted 1 : 10, was decanted, and tested
for inactivation and reactivation (Table II).

It can be seen from Table II, that the complement, in-
cubated with yeast cells which had not been boiled in a water-
bath, was anticomplementary. The complement, treated with yeast
cells which had been 1in a bolling waterbath, was not anticomple-
ﬁentary, but it was not completely inaetivated.

It had been noted by Robinson et al (1925) that Fleisch-
mann's yeast was the most successful in removing C'3.

Fleischmann's dried yeast was added to 0.9 percent saline
until a thin paste was formed. Three tubes, each containing
5 ml. of the paste were placed in a boiling waterbath for 45
minutes. The tubes were centrifuged at 2,560 r.p.m. for 20

minutes, and the supernatant removed. 0.5 ml. of guinea pig
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Tsble II.
Complement Treated with L'Allemand's Yeast.
L
% Hemolysis
Tube. | Treat-| Incuba-| Treated ecomplement Reactivated complement
ment tion
of time of | 0.2 ml., of a 1:30
yoast comple- dilution. 0.2 ml., of a 1:30 dil.
cells.| ment & of treated complement
yeast ,
in hrs. 0.2 ml. of a 1:30 dil.
of fraction 56..
1. 22°c, 1 ) 0
2. 100°c. 1 - 60 100
3. 100°¢C, 2 60 100
4, 100°c. 3 50 100

Table III.
Complement Treated with Dried Fleischmann's Yeast.

L

% Hemolysis

i

Tube. Time of Treated complement| Reactivated complement

incubation
at 37°C, 0.2 ml, of a 1:30
in hours. dilution 0.2 ml. of a 1:30 d4il.

of treated complement

0.2 ml., of a 1:30 dil.
of fraction 56.

1. 1 60 100
2. 2 30 100
3. ko 40 100
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serum was added to each tube; the tubes were incubated at 37°C.,
the first for one hour, the second for two hours and the third
for three hours. 4,5 ml, of veronal NaCl buffer was added to
each tube, the tubes were centrifuged and the complement, diluted
1l : 10, was decanted. The serum was tested for inactivation and
reactivation.

The results, shown in Taeble III, indicated that serum
treated in the above manner was not anticomplementary, nor was it
completely inactivated.

Coca (1914) reported that he was able to inactivate C!'3
with a 20 percent suspension of yeast cells. A 20 percent susp-
ension was prepared as follows: Saline was added to dried Fleis-
chmann's yeast, and a drop of the suspension was transferred to
a blood-agar plate. The yeast was spread evenly over the plate
and was left at room temperature for 24 hours. Single yeast
colonies were picked off and transferred to Saberaud slopes;
smears were made to see that pure cultures were obtained. These
stock cultures were transferred to fresh Saberaud sleopes once a
week, and were used throughout the year when Fleischmann's yeast
was needed. A pure 48 hour culture of Fleischmann's yeast was
washed twice with 20 volumes of 0.45 percent NaCl, rapidly centri-
fuged, and the supernatant withdrawn. After the flinal centri-
fugation, the content of yeast cells was noted, and made up in a
20 percent suspension with 0.9 percent NaCl.

Amounts varying from 0.05 ml., to 2.0 ml. of the 20 percent
yeast suspension were placed in serological test tubes, centri-

fuged, and the supernatant decanted. The guinea pig serum was
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added to the yeast cell sediment, mixed thoroughly, and stood at
room temperature, or incubated at 37°C. for varying lengths of
time. To each tube enough veronal NaCl buffer was added to make
al : 10 dilution of the complement, the tubes were centrifuged
at 2,560 r.p.m. for 15 minutes, and the diluted complement de-
canted. The complement was tested for inactivation and react-
1vat16# (Table IV).

}:From the results it is seen that complement treated in
"this manner became anticomplementary, and reactivation was relat-
ively unsuccessful, As the amount of yeast cells decreased, so

did the anticomplementary effect, but smell quantities of yeast
cells did not completely inactivate C'3. This method did not
sappear to be satisfactory, so another méthod was tried.

Robinson et al (1925) noted, that while a yeast cell susp-
ension proved a most uncertain agent, and while yeast heated at
1ob°c. in saline was a better agent, zymin powder was almost in-
variably suecessful in removing C'3 from serum. As yeast, heated
in saline, and a suspension of yeast cells had been tried without
success, zymin was prepared.

Fleischmann's yeast was only available in a dried form, so
enough had to be grown to provide a suliteble amount of zymin. 12
liters of yeast media were placed in each of two, 20 liter carboys;
which were then autoclaved at 120°C. for one hour. 8 tubes of
modified Saberaud's medlia were inoculated from the pure yeast
cultures and kept at room temperature for 48 hours. The contents

of 4 tubes were used to lnoculate each of the two carboys. The

cultures were kept at room temperature for 48 hours, while ailr,
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)
}Fleischmann's Yeast.
1

s

s

-

% Hemolysis.

Reactivation of treated complement.

c 4
Tube. Comp- 20% yeast Time Temp oprh- Treated
lement suspension of incu- ture ¢ Complement,
in ml, in ml, bation incubes 1:30 dil. ‘
in min. tion ;4. in ml, !
| 3
0.6 1.2
S
1. 1.0 2,0 60 37 0 10
2, 1.0 2,0 60 22 0 16
3. 1.0 1.0 60 37 0 -
4. 1.0 1.0 30 37 0 -
50 005 100 60 37 O -
6. 0.5 0.5 30 37 . 0 -
7. 1.0 0.5 60 37 | o -
:
8. 1.0 0.5 30 37 20 20
9. 1.0 0.25 30 37 40 © 40

in ml.
Fraction 56

1:30 dil. 0.3 0.6 0.3 0.6 0.6 1.2

Treated
serums 0.3 0.6 0.6 0.3 1.2 1.2

1:30 4il.
10 30 20 10 30 40
20 30 40 10 40 45
25 30 - - 20 -
20 30 - - 30 -
10 20 - - 10 -
15 25 - - 20 -
20 30 - - 25 -
; 25 50 - - - 70
30 60 - - - 90
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filtered through aBerkfeldt filter, no. 13, was run through glass
tubing to the bottom of the carboys. A plece of glass tubing,
sealed at the end, with many small heles in it, was attached to
the bottom of the air tube, thus allowing better dispersion of
the sir bubbles and increased aeration. The cultures were shaken
by hand every 2 - 3 hours during the day time, to help keep the
yeast in suspension. After 48 hours, the carboys were given a
final shake, and the contents were siphoned into the de Laval
centrifuge . The rate of flow was regulated by means of a saline
drip and a screw elanb. The yeést cells lined the bowl of the
centrifuge, where they were collected and twice suspended in 2
liters of 0.45 percent NaCl and centrifuged as before. After
the final centrifugation the yeast sediment was suspended in one
liter of 0.9 percent NaCl and filtered through a Buchner funnel.
The cells packed down in a hard cake, and the pressure was held
until no more liquid passed through the filter. The yeast was
weighed immediately, and zymin prepared. 210 graﬁs of yeast
cells were harvested from the two carboys.

Zymin was prepared, following the method described by Ecker,
Jones and Kuehn (1941). 50 grams of the packed yeast cells were
suspended in 300 ml. of acetone. The suspension was stirred for
10 minutes, and passed through a Buchner funnel., The residual
mass was again stirred in 100 ml, of acetone for 2 mihutes and
refiltered. The cells were then kneaded with 25 ml. of ether
for 3 minutes, filtered as above, and spread on filter paper to
dry. After drying thoroughly the zymin was ground to a powder

with a pestle and mortar,
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Amounts, varying between 1 - 3 grams of the zymin powder
were placed in test tubes and 10 ml. of saline added to each.
The contents were mixed into a paste with a glass rod, and the
tubes placed in a bolling water bath for 45 minutes. At the
end of this time the tubes were centrifuged at 2,560 r.p.m. for
20 minutes, and the supernatant decanted. To each tube 1 ml.
of gulinea pig serum was added with stirring, and the tubes were
incubated in a 37°C. water bath for 2 hours. Following in-
cubation 4 ml. of veronal NaCl buffer were added to each tube,
and the tubes were again centrifuged at 2,560 r.p.m. for 20
minutes. The complement, diluted 1 : 5, was decanted and tested
for inactivation (Table V).

It was interesting to note that whereas 1 gram of zymin
inactivated 1 ml. of serum, as the amount of zymin increased
above 1 gram the lnactivation became less. The complement in-
activated by 1 gram of zymin was then tested for anticomplementary
properties (Tdble VI),

It 1s seen that complement so treated was not anticomple-
mentary, and could therefore be used for reactivation purposes.

In all further preparations of fraction Z, one gram of
zymin was used to lnactivate one ml. of serum.

c. Titration of Complement Components.

Hegedus and Grelner (1938) defined the titer of complement
as the titer of the component present in least amount. Any
component can be present in least amount if an excess of the
other three components is added to the serum.

To titrate the individual coﬁponents of a serum serial



Table V.

Test for Inactivation of complement treated with zymin.

% Hemolysis.
Treated Complement.
Weight of
1:30 dilution, in ml.
Tube. Zynmin
in grams,
0.05 0.1 0.2 0.4
1 3.0 80 85 95 100
2 2.5 50 70 90 95
3 2.0 10 30 50 60
4 1.5 5 10 15 20
5 1.0 o] (o) 0 0
Teble VI.

Test for Anticomplementary Properties of Fraction Z.

Zymin treated Complement in ml.

O.4 0.4 0.4 0.4 0.2 0.2 0.2 0.2 0,1 0,1 0.1 0.1

Guinea plg serum
diluted 1:30
in ml,

0.5 0,75 1.0 1,5 0.5 0,75 1,0 1.5 0.5 0,75 1.0 1.5

% Hemolysis

100 100 100 100 100 100 100 100 100 100 100 100
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dilutions are made as In an ordinary complement titration ex-
cept that a constant amount of the other three components are
added to each tube. This provides an excess of all oomponenté
except the one to be tested. The added components are referred
to as"'‘teagents", and are made up as follows:

Rl -- midplece plus complement heated at 56°C. Contains

C'l, C'3 and C'4. .
R2 -- endpiece plus complement heated at 56°C, Contains
C'2, C'3 and C'4,
R3 -- gymin treated complement. Contains C'l, C'2 and C'4.
R4 -- hydrazine treated complement. Contains C'l, C'2
and G'3.

The amount of reagent to be employed must be determined
in a preliminary experiment. The quantity used must be inactive
when tested with sensitized sheep cells, and it must not be anti-
complementary.

Upon the addition of R2 and R4 an enhancing effect is
usually observed, since these reagents supply components which
are present in low titer in human and guinea pig serum. Rl 1is
the reagent which most commonly exhibits anticomplementary effects,
especially when the midpiece, which is part of this reagent, is
0ld and has been allowed to become too alkaline.

Each reagent should supply an excess of these components
it is designed to furnish. A ssquence of tests is carried out
to determine how much of each fraction to employ in making up the
reagents. The fractions are lasbelled as follows:

M -- midpilecs.
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E -- endpiece.

Z -- complement lacking C'3.

H -« complement lacking C'4,

56 -- complement lacking C'l and C'2.
The tests employed and a fypical set of results are seen below.
All tests were incubated in a 37°C. water bath for 30 minutes,
following which they were centrifuged for 5 minutes and read
agalnst @ hemolytic standard.

Test No.l. - Test for complete inactivation.

Each fraction, with the exception of fraction E, was dil-
uted 1 : 5, and 0.05, 0.10, 0.20 end 0.40 ml. were added to 1 ml.
of sensitized sheep red blood cells, Fraction E was diluted
l1: 10, and 0.1, 0.2, 0.4 and 0.8 ml. were added to sensitized
cells.

The results (Table VII) indicated that each fraction was
inactive by itself.

Test No. 2, - Test for anticomplementary activity.

The possibility of fractions M, E, Z, H and 56 possessing
anticomﬁlementary properties was checked by placing the largest
quantity of each fraction which proved to be inactive in test 1,
with previously tested guinea plg serum. The guinea plg serum
was used in & dilution of 1 : 30, and 0.5, 0.75, 1.0 and 1.5
100 percent units were plaeced with each fraction (Teble VIII).
Not more than one half the least anticomplementary dose of a |
fraction was used in the following tests.

It can be seen from Table VIII that fractions E. Z2, H

and 56 were not anticomplementary in the amounts used here,
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)\

Teat for Inactivation of fractions.

Frection M.
diluted 1:5

. Fraetion E.

. diluted 1:10

Ky

Praction Z.
diluted 1:5

Fraction H.
diluted_lzs

Fraction 56.
diluted 1:5

ml.

ml.

ml,

ml.,

0.05 |0.1 [0.2

0.4

0.1 .

0.2 |0.4 |0.8

0.05(0.1 |0.2 |0.4

0.05 0.1 0.2

0.4

0.05 0.1 0.2 |o.4

2.5% sensitized
sheep red cells
in ml.

”

N
K

L

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

rl.o 1.0 1.0 l.b 1.0 1.0 1.0 1,0 1.0 1.0 1.0 1.0

L .. ) . - po
% hemolysis o 0o o ©o0 o0 @ 6 o0 ‘o ©c o o o o o o o o0 o o
DR BRI .ﬁr
Table VIII. Test for Anticomplementary Prqport1§§ﬁ:£ 57r:J 'f
Fraction M. Fractien ﬁ; Praction Z. Fraction H. Fraction 56.
1 diluted 1:5 diluted 1:10 diluted 1:5 diluted 1:5 diluted 1:5
. . e . : i
ml. l .Mle i ' ml. ml. ml.
g N o |
0.4 0.4 0.4 |0.4 |0.8 [0.8 |0.8 |0.8 '0.4 0.4 (0.4 (0.4 |0.4 0.4 |O.4 |Oe4 |0.4 |0.4 |O.4 |O.4
Complement : . ' .
dil. 1:30 in 0.5 0.75 1.0 1.5 0.5 0,785 1.0 1.5 105 0.75 1.0 1.5 0.5 0.75 1.0 1.5 0.5 0.75 1.0 1.5
100% units. : :
. N
2.5% sensitized A
sheep red cells 1.0 1,0 1.0 1.0 1.0 1.6 1.0 1.0 :1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
in ml. N S
_— jqé_i —a
e e . .
% hemolysis © 0 0 0 100 .100:.100 100 /100 .100 100 100 100 100 100 100 100 100 100 100
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and could therefore be tested further. Fraction M, however, was
snticemplementary, and it remained to be seen whether this anti-
complementary effect sould be removed by using smaller quantities
of this fraction (Table IX).

The anticomplementary properties of fraction M were greatly
reduced when 0.1 ml. of a 1 : 5 dilution was used, so 0,05 ml, of

this dilution was the amount used in further tests.

Table IX. Test for anticomplementary properties of fraction M.

Fraction M,
1:5 dilution in ml.

0.4 0.4 0.4 0.2 0.2 0.2 0.1 0.1 0.1

Complement diluted '
1l : 30, in 100% 1 2 3. 1 2 3 1 2 3

units.
% Hemolysis 0 0 0O 30 80 90 60 90 100

Test No. 3. - Po determine the lower limits of activity

of fraction 56,

Fraction 56 was titrated against fraction Z and H. All
fractions were used in a 1 : 5 dilution. 1 ml. of sensitized
sheep red cells was then added to each combi.lation and the tubes
incubated (Table X).

It was seen that O.1 ml. of 56 contained sufficient C'4
to cause complete heﬁolysis. 0.2 ml. of frgction 56 could be
feactivated to cause 70 percent hemolysis, but greater reactivation

could not be'accomplished. From these titrations 0.2 ml. was
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taken as the lower limit for this fraction when used in Rl and
R2. It has been found best to keep M and 56 and E and 56 apart,
and to add them separately to the titrations requiring these

reagents.

Table X. The lower limits of activity of fraction S56.

% hemolysis obtained from resctivation -
of fraction 56 with fraction

Z. diluted 1:5 H. diluted 1:5

FI'GCtion ml. ml.

0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4

56 0.1 30 40 60 60 100 100 100 100
diluted , 0.2 30 50 70 70 100 100 100 100
1:5 0.3 30 60 70 70 100 100 100 100
0.4 30 50 70 70 100 100 100 100

Test No. 4. To determine the lower limits for fractions

Z and H as R3 and R4 respectively.

Fractions Z and H, used in a 1 : 5 dilution, were titrated
against each other; 1 ml. of sensitized sheep red cells being
added to each tube (Table XI),

0.2 ml. of 1 ¢ 5 dilutions of fraction Z and H contained
sufficlent C'4 and C'3 respectively to cause complete hemolysis,and

were therefore considered to be the lower limit for these two

fractions.




Table XI. The lower limits of activity of fractions Z and H.

% hemolysis obtained from
reactivation of fraction

Z, diluted 1:5

Praction ml. ml.

0.1 0.2 0.3 0.4

0.1 80 80 85 85

H 0.2 90 100 100 100
diluted

1:5 0.3 100 100 100 100

0.4 100 100 100 100

Test No. 5. To determine the lower limits for fractions

M and E.

Fractions M and E were titrated against one another in tle
presence of an optimal amount of fraction 56, as determined in test
No. 3. Fraction M could not be used in quantities greater than
0.5 ml. of a1l : 5 dilution (test No..2). Fraction E was used in
al : 10 dilution. 1 ml, of sensitized sheep red cells was added
to each tube kTable X1I1). .

Throughout all fractionaﬁionfand.reactivation experiments,
fraction i was anticomplementary in amounts exceeding 0,05 ml., of

al : 5 dilution. It can be seen from Table XII that when used
in this emount fraction M did not contain sufficient C'1. For

this reason Rl was never successful.
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Table XII. The lower limits of fractions M and E.

% hemolysis obtained from
reactivation of fraction

E, diluted 1:10
ml.
Praction ml.
. 0.2 0.4 0.6 0.8
0.1 0 0 0 0
M 0.2 0 0] 0 0
diluted
1:5 0.3 5 20 20 20
0.4 10 40 40 - 40

Teble XITI. The reactivation of Rl and R2 with fractions Z & H.

% hemolysis obtained from
reactivation of fraections
Z diluted 1:5 H diluted 1:5
ml,
Fraction ml.
0.1 0,2 0.3 0.4]| 0.1 0.2 0,3 0.4
M3
diluted 0.05 o 0 10 20 60 60 60 60
1:5
0.2 10 15 20 25 100 100 100 100
E¥® 0.4 15 20 30 40 100 100 100 100
diluted
1:5 0.6 30 40 45 50 100 100 100 100
0.8 30 40 50 60 100 100 100 100

# 0,2 ml. of a 1:5 dilution of fraction 56 was added to each tube,
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Test No. 6., To determine whether fractions Z and H

contain sufficient C'1 and C'2.

Fractions Z and H were titrated against R'l and R'2,

1 ml, of sensitized sheep red cells was added to each combination,
and the tubes incubated (Table XIII).

0.1 ml. of fraction H contained sufficient C'l, but 0.4

ml. of this fraction caused only 60 percent reactivation of R'l.
tAs fraction H contained sufficient C!'1l, the small quantity of

this component present in 0.05 ml. of a 1 : 5 dilution of fraetion
M did not aceount for the poor reactivation, It was felt that
fraction M was slightly anticomplementary in this test.

Fraction Z was only able to reactivate R'l to 20 percent
of its former activity. This may have been due partially to anti-
complementary properties of fraction M, but it also shows that
fraction Z, in the amounts used here, does not contain sufficient
cr'e. 0.4 ml. of a1l : 5 dilution of fraction Z reactivated R'2
to 60 percent of its former activity. This reactivation should
have been higher, and 1t was concluded that while fraction Z
contalned some C'2, 0.4 ml. of a1l ¢ 5 dilution of this fraction
did not contain sufficient to warrant its use as a reagent.

The foregoing tests have shown that whereas fractions
E, H and 56 could be used to make up reagents, fractions M and Z
were not satisfactory. As has been mentioned, all preparations
of fraction M were anticomplementary, and minor changes in the |
technique of prepering this fraction did not overcome this
property. Fraction Z did not appear to be anticomplementary,
but treatment with zymin not only removed C'3 but also damaged




C!'l and C'2.
d. Sulfonamide Determinations.

i. Dosage.

During sulfonamide therapy small animals usually receive
14 grains per pound body weight the first day, and 1 grain per
pound body weight for the following two days (Swales, 1950);
or 97 milligrams per pound body weight the first day, and 65
milligrams per pound body weight for the following two days.

A suspension of sulfamethazine in water was made up so
that 1 ml. contained 65 milligrams of the drug. As has been
noted, sulfamethazine is not very soluble in water, and the ad-
ministration of a suspension was not considered to be accurate
enough. It was replaced with sodium sulfamethazine, which 1s read-
ily soluble in water, and a sclution of this drug containing 65
milligrams per ml. was used in all the in vitro experiments. The
dosage varied in different experiments and will be discussed with
these experiments.

1i, Administration.

All drugs were administered orally. The guinea plgs were
held in an upright position with their heads back, and an 8 F
rubber catheter was inserted down the oesophagus into the stomach.
The snimals objected so strenuously to this operation that they
were in danger of asphyxiation, and after the tube was removed they
were weak for several hours. As all guinea pigs were being dosed
frequently there was some danger that several of them might die,
and in addition it was thought that the weakened condition of the

animals might give an additional unknown factor to the experimental
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results. For these reasons the stomach tube was sbandoned after
the first week.

The use of an ordinary syringe proved to be a more success-
ful method. The needle was removed from a 5 ml. glass syringe
and the required dose drawn up. The tip of the syringe was
placed at the back of the guinea pig's tongue, and the contents
slowly ejected. The throat of the animal was gently stroked
to aid swallowing, and as long as the dose was given slowly enough,
so the guinea pig did not choke, this method was very successful.

iii., Sulfonamide levels 1n the blood.

The standard laboratory method for the determination of
sulfonamides is that of Bratton and Marshall (1939). It in-
volves the dlazotization of the para-amino group of the sulfona-
mide followed by coupling with N-(1-naphthyl)-ehtylenediamine.

A purplish colour 1s produced, the intensity of which is propor-
tional to the sulfonamide concentration.

As the guinea pigs were divided into groups for the exper-
iment, one half ml. of blood was taken from four animals in a
group, and combined to give the required 2 ml. necessary for
sulfonamide determinations. The sulfonamide level obtalned was,
therefore, representative of the group. The sulfonamide level
was determined at the same time as the complement titer, so it
was not necessary to bleed the animals more than once for the
two determinations.

To a flask containing 30 ml. of distilled water, one half
ml. of blood from each of the four guines pigs was added. The

flask was shaken gently to insure hemolysis.
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8 ml., of 15 percent trichloracetic acid were added with
shaking, and the flask stood at room temperature for 10 - 15
minutes; The blood was then in a 1 ¢ 20 dilution. The contents
were filtered through a No. 576 analytical filter paper.

10 ml., of clear filtrate was placed in an Evelyn color-
imeter absorption tube.

1 ml. of sodium nitrate solution was added, mixed, and
the tube stood for 3 minutes.

1 ml. of ammonium sulfamate solution was added, mixed,
and the tube stood for 2 minutes.

1 ml. of N-(l-nepthyl)-ethylenediamine dihydrochloride
solution was added, and the tube was allowed to stand for 10 min-
utes to allow optimum colour development.

With each unknown a blank and a standard were prepared.
The blank was used to set the galvanometer of the colorimeter at
zero, and the standard to check that the reagents had not deteri-
orated.,

Blank tube:

8 ml, of distilled water were placed in an Evelyn color-
imeter absorption tube. 2 ml. of 15 percent trichloracetic acid
were added, The reagents were added sas above, with 1 ml. of
distilled water substituted for 1 ml. of sodium nitrate solution.

Standard tube:

2 ml. of the standard 10 milligram percent sodium sulfs-
methazine were added to 30 ml. of distilled water. 8 ml, of
trichloracetic acid solution were added and mixed well.

10 ml., of this mixture was placed in an Evelyn colorimeter

absorption tube, and the reagents were added as for the test.




- 80 -

iv. Calibration of the Evelyn Colorimeter.

A stock solution of sodium sulfamethazine was prepared
and from it dilute standards were made. A blank tube was placed
in the colorimeter, and the galvanometer reading was adjusted to
zero. Readings of the dilute standards were then taken and the
results plotted on a plece of.graph peper. The points were join-
ed, and from the straight line curve which resulted, all unknowns
could be determined. A wave length of 545 was used in the color-

imeter for all sulfonamide readings.

B, EXPERIMENTS .
1. TO SEE WHAT EFFECT THE COMPONENTS PRESENT IN RABBIT

HEMOLYSIN HAVE UPON COMPLEMENT TITRATIONS.

Apart from its lower hemolytic titer, rabbit complement
behaves essentially like guinea pig complement. Heating at 56°¢C.,
for 30 minutes destroys all of C'l and C!'2, but does not greatly
affect C'3 or C'4 (Dozols et al, 1949).

Before starting the experimental work with the sulfonamides
1t was decided to check on the possibility of C'3 and C'4 in rab-
bit hemolysin supplementing these components in guinea pig‘serum,
and masking slight changes that might occur.

8. Removal of C!'3 and C'4 from hemolysin.

It is known that in hemolysis C'3 is not fixed to the
sensitized red blood cell, but acts like a catalyst, and as suech
is not used up in the reaction (Nathan, 1913; Pillemer, et al,

1942a). It was suggested that this component could be eliminated

by washing the red blood cells, after they had been sensitized with
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the appropriate dilution of hemolysin. Treatment of the hemolysin
with hydrazine was the method used to remove any C'4 that was
present.

Me thod :

Antisheep hemolysin was prepared in a rabbit, and heated at
56°C. for 30 minutes. 1 ml., of the hemolysin was placed in a
test tube and to it was added 0.5 ml. of an 0.16 M solution of
hydrazine. The contents of the tube were mixed and placed in a
37°C. water bath for 1 hour. A titration of the treated hemolysin
showed that the hydragzine had in no way affected its hemolytic
titer, |

The treated hemolysin was diluted so that 1 ml. contalned
5 hemolytic units. 16 ml. of the diluted amboceptor were added
to an equal volume of 5 percent sheep red cells, and the mixture
was stood at room temperature for 15 minutes.

A similar aliquot of cells was sensitized with untreated
hemolysin, diluted so that 1 ml. of the hemolysin contained 5 units.
Both lots of senslitized cells were then centrifuged, the super-
natant decanted, washed with veronal NaCl buffer, centrifuged,
the supernatant decanted and the cells resuspended in the buffer
solution to give a 2.5 percent suspension.

As a control, another 16 ml. of a 5 percent suspension
of sheep red blood cells were sensitized with untreated hemolysin,
but were not washed after sensitization.

A 20 tube titration of guinea pig complement was set up
in triplicate. To the first titration the control cells were

added; to the second the cells sensitized with untreated hemoly-

sin and then washed; and to the third tube were added the cells
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which had been sensitized with hydrazine treated hemolysin (Table
XIv).

Diseussion of Results:

In guinea pig complement C'3 is the component present in
least amount, the titer of the complement 1s therefore a direct
measurement of the titer of C!'3. If there was enough C'3 present
in the hemolysin to supplement this component in the gulnea pig
serum, the titer of the complement should have inereased in the
titration where the sensitized cells were not washed. This was
not the case; the complement titer was essentially the same in
all titrations where the three different cell preparations were
used.,

C'4 is present in excess in gulnea pig sérum. The titra-
tion of guinéa pig complement does not indicate the amount of this
component present, so that if there was enough C'4 in the hemolysin
‘to supplement this component it would not be shown in this exper-
iment.

b. The addition of complement, equal to the amount

of hemolysin used in each tube.

When hemolysin with a titer greater than 1:4000 was used,
the amount added to each tube of a complement titration was so
minute that id4 4l1d not seem possible for any components present
in the hemolysin to supplement those in the complement. To test .
this point an additional amount of guinea pig serum was added to
each tube in a complement titration - equal to the amount of
hemolysin found in a tube in an ordinary complement titration.

Guinea pig complement has a higher titer than rabbit complement,



Table XIV.

Percent hemolysis obtained in complement
titrations when hydrazine treated hemolysin was used
and the sensitized red blood cells were washed.

Complement Untreated Untreated | Hydrazine treat-
Tube dil, 1:30| Buffer|hemolysin.| hemolysin. | ed hemolysin,
- ml, Sensitized| Sensitized | Sensitized
cells not cells cells
washed. washed. washed.,
1. 0.01 0.19 0 o) 0
2. 0.02 0.18 o o 0
3. 0.03 0.17 0 0 o
4, 0.04 0.16 20 20 10
S. 0.05 0.15 25 20 20
6. 0.06 0.14 30 30 30
7e 0,07 0.13 35 45 35
8. 0.08 0.12 50 50 50
9. 0.09 0.11 55 60 55
10. 0.10 0.10 70 65 65
11, 0.11 0.09 70 70 70 )
12, 0.12 0,08 75 75 70
13, 0.13 0.07 85 90 80
14, 0,14 0.06 90 90 95
15. 0.15 0.05 95 95 956
16, 0.16 0.04 95 100 95
17, 0.17 0,03 100 100 100
18. 0.18 0.02 100 100 100
19, 0.19 0.01 100 100 . 100
20. 0.20 ¢] 100 100 100
21. o 0.20 0 o o




so that if the addition of guinea plg serum did not cause an
increase in hemolysis, the components present in rabbit hemo-
lysin could not be expected to do so.

Method

The hemolysin used had a titer of 1:8000., In order to
obtain the hemolysin in a dilution containing 5 hemolytic units
per ml., 0.01 ml. of the hemolysin was diluted to 16 ml., with
veronal NaCl buffer. The gulinea pig complement was diluted
likewise: 0.0l1 ml. made up to 16 ml. with veronal NaCl buffer.

In all complement titrations each tube rebeives 0.5 ml,
of diluted hemolysin; an equal -quantity of red blood cells and
hemolysin are mixed, and each tube receives 1 ml. of the mixtupe.

A 20 tube complement titration was set up in triplicate;
the complement was used in a dilution of 1:30,

To the first titration 1 ml. of 2.5 percent sensitized
red blood cells were added, and this titration was used as a con-
trol.

To the second titration an additional 0.5 ml. of the dil-
uted complement was added to each tube, the tubes rotated and
1 ml. of 2.5 percent sensitized red blood cells added.

To the third titration additional complement was also
added., To the hemolysin, diluted so that 1 ml. contalned 5 units,
0,01 ml. of guinea pig complement was added. The hemolysin-
complement mixture was used to sensitize an equal amount of red
blood cells. 1 ml. of the resulting 2.5 percent suspension of
sensitized ceills was added to each tube.

With each titration a control tube was run, to see that
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the sensitized red blood cells did not hemolyse on their own.
Table XV.

The Effect of Additional Complement, Equal to the
Amount of Hemolysin Used, on Complement Titers,

Total Initial 50% 1004 |Cell control
volume hemo- hemo- hemo~ tube
per tube lytie lytic lytic |% hemolysis.
in ml, units units units
Titration 1.
control l.2 1500 375 166 0
Titration 2.
0.5 ml. dil.
complement 1.7 750 333 150 0
added to
each tube.
Titration 3.
Additional
complement 1.2 1000 428 176 0
present in
gsensitized
cell
mixture.

Discussion of results:

From Table XV it can be seen that the addition of 0.5 ml.
of the diluted guinea pig complement to each tube caused a reduc-
tion in the complement titer. This reduction was probably due
to the larger total volume per tube in this titration, causing a
greater dilution of the complement. Where the additional comp-
lement was added with the sensitized cells (titration 3), there
was a slight decrease seen in the initial hemolytic units, but a

slight increase in the 50 and 100 percent units.
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From these results it cannot be said that the addition of
complement, in amounts equal to that of hemolysin, increased the
guinea pig complement titer. Therefore one could not expect
any components present in rabbit hemolysin to mask changes that
might occur in these components in guinea pig serum. The minute
quantities of hemolysin that were used in complement titrations
did not contain sufficient C'3 or C'4 to supplement these compon-

ents in the complement titrated.

2. IN VITRO STUDIES

Before starting in vivo experiments i1t was thought that
an indication of what may happen in the intact animal dould be
arrived at by an investigation into the effect of the sulfonamide
drugs on complement in the test tube. The complemént used for
these experiments was the pooled sera from normal healthy guinea
pigs.
a., The Effect of Sodium Sulfamethazine.

As sodium sulfamethazine was the drug to be used in in
vivo experiments, the effect of this drug on one and two units
of complement was first investigated. A unit of complement was
taken as the smallest amount necessary to cause complete hemolysis
of 1 ml, of 2.5 percent sensitized sheep red blood cells.

Method:

A portion of the pooled complement was titrated, by the
method previously described, to determine the amount necessary to
cause complete hemolysis,

A series of 10 tubes was set up in duplicate, containing




- 87 -

sulfamethazine in amounts varylng from 0.25 to 20.0 milligrams.
To each tube in the first serlies one 100 percent unit was added,
while to the tubes in the second series two 100 percent units
were added. The complement and sulfaméthazine were mixed with
a glass stirring rod, and 1 ml. of 2.5 percent sensitized red
blood cells were added to each tube, The tubes were well shaken,
and placed in a 37°C. water bath for 30 minutes.

With each series two control tubes were set up; the first
containing complement and sensitized red blood cells, and the

second containing sulfamethazine and sensitized red blood cells.

Table XVI. Percent hemolysis obtained from one and two 100 per-
cent units of complement following treatment with sulfamethazine.

% hemolysis
aefter treatment with the following amounts
of sulfamethazine.

milligrams

Two 100 c C
percent | 3 % 1 2 4 6 8 10 15 20 0 __ 20

units
of ecomp-{100 100 100 100 100 100 100 100 100 100 100 O

lement.

One 100
percent
unit 100 100 .90 90 80 75 70 50 20 0O 100 O
of comp-
lement.

Discussion of Results:

The results can be seen from Table XVI. When two 100

percent units of complement were added to the sulfamethagine

complete hemolysis was seen in all tubes. However when only one




100 percent unit was used there was & decrease in hemolysis sas
. the guantity of the drug increased.

This experiment does not show whether.the sulfonamide
inactivated the complement in any way, or whether the decrease
in hemolysis was due to a mechanical blocking by the drug, so
that the complement was not able to come in contact with the
sensitized red cells enbugh to cause complete hemolysis,

b. Treatment of complement with various sulfonamides.

In the last experiment the sulfamethazine was added to the
complement and sensitized sheep red blood cells. In order to see
if these drugs ha& an inhibiting effect on the complement itself,
the complement must be treated with the sulfonamide prior to the
addition of the sensitized cells,

Me thod :

Varying amounts of sulfamethazine, sodium sulfamethazine,
sulfadiazine, sulfapyridine and sulfasoxizole were weighed out and
placed in test tubes.

A portion of the pooled complement to be used in this
experiment was titrated, by the method previously described.

The amounts necessary to cause 50 and 100 percent hemolysis were
noted.

The pooled sera was diluted 1:10, and 3.0 ml. of this
diluted complement added to each tube of sulfonamide. The tubes
were well shaken, the contents stirred with a glass rod where
necessary, and were then placed in a 37°C., water bath for one

hour, with shaking every 10 minutes. Following incubation the

tubes were centrifuged at 2,560 r.p.m. for 20 minutes, and the




supernate filtered through hardened filter paper. The pH of
the filtrate was adjusted to 7.0 with 0.1 N hydrochloric acid.
The filtrate, containing a 1:10 dilution of eomplement, was fur-
ther diluted with veronal NaCl buffer to give a final dilution
of 1:30.

As a control, 3 ml. of a 1:10 dilution of complement
from the same pool was incubated, and filtered through hardened
filter paper in the same manner as the test complement, except
thaf in the control no sulfonamide was added. The control was
to show if any deterioration of complement activity was caused
by the incubation and filtering procedures.

In the untreated sera 0.08 ml. of a 1:30 dilution caused
50 percent hemolysis, and 0,30 ml, caused 100 percent hemolysis.
The power of 0.08, 0.30 and 0.60 ml, of a 1:30 dilution of the
treated complements to lyse 1 ml. of sensitized red blood cells
was tested, and compared with the untreated‘complement. In
the same manner 0.08, 0.30 and 0.60 ml. of the diluted control
complement was added to 1 ml. of a 2.5 percent suspension of
sensitized sheep red blood cells.

Table XVII shows the results of this experiment.

Discussion of results:

Complement treated with large quantities of sulfonamides
lost some of 1ts hemolytic power in vitro. The larger the amount
of the drug, the greater seemed to be the inactivation,

The hydrogen ion concentration caused by the drug must .
be considered. The sulfonamides in solution are very alkaline,

and those drugs whieh are most soluble, sodium sulfamethazine




and sulfasoxizole, have a high enough pH to inactivate the mid-
piece of complement. The low hemolytic power of complement
treated with 500 milligrams of sulfasoxizole was probably due
to the high pH.

Sodium sulfamethazine completely dissolved in the comple-
ment, and the pH of the solution was between 10.0 and 10.5. The
quantity of 0.1 N of hydrochloric acid required to bring the pH
to 7.0 was so great that it caused a precipitation of the proteins
when the sensitized cells were added.

There is no reason to suppose that complement is affected
in vivo because large amounts of sulfomamides reduce complement
activity in vitro. Following & single dogse of one half grain
per pound, the blood level in rabbits varies between 3.4 and
0.8 milligrams percent, depending on the sulfonamide used (Welsh
et al, 1947). In guinea pigs, following a single dose of one
end a half grains per pound, levels as high as 12-14 milligrems
percent have been reached in these experiments. A blood levsl
of 14 milligrams percent, however, is very different from 3 ml.
of a 1:10 dilution of complement being treated with 50 to 500
milligrams of the drug. The latter 1s far in excess of the

amount of sulfonamide ever found in a guinea pig.

De IN VIVO EXPERIMENTS.

The animals used for the in vivo experiments were healthy
guinea pigs of both sexes, all of which weighed over 700 grams.
The experiments were planned to lnvestigate the stability of the

complement within the animals, under different conditions of



Table XVII.
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The effect of varying amounts of sulfonamides

on guinea pig complement in vitro.

% hemolysis caused by
complement diluted 1:30
Drug pH
Sulfonamide. in after
milli- treat- ml.
grams., ment.
0.08 0.30 0.60
Original
untreated o - 50 100 100
complement.
500 8,2 15 90 95
Sulfa- 300 8.1 25 90 100
methagzine. 200 8.0 35 95 100
100 8.0 35 95 100
50 8.0 50 95 100
500 10.5
Sodium 300 10.5 Precipitation of red
sulfa- 200 10.2 blood cell proteins.
methazine 100 10.0
50 10,0
500 8.2 15 90" 100
Sulfa- 300 8.2 25 95 100
diazine. 200 8.0 25 95 100
100 8.0 30 95 100
50 8.0 35 95 100
500 7.5 15 90 100
Sulfa- 300 7.5 20 90 100
pyridine. 200 7.4 25 95 100
100 7.4 35 95 100
50 7.3 35 100 100
500 9.5 5 30 100
Sulfa- 300 9,0 20 90 100
soxizole. 200 8.5 25 95 100
100 8.5 35 95 100
50 8.5 35 95 100
Control
complement. 0 7.1 50 100 100
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sulfonamide thereapy.

a, The effect of normal doses of sodium sulfamethazine

on gulnea plg complement.

The purpese of this experiment was to see whether normal
doses of sodium sulfamethazine had any effect on complement in
the intaet guinea pig. As many guinea pigs as possible were used
in order that a fair sample would be obtalned, and so that the
animals would not have to be bled too frequently.

Method:

48 guinea pigs were divided into 8 groups of 6, four of
which were test groups, and four controls.

Three weeks before the first administration of the sulfona-
mide all test and control groups were bled. A portion of the
serum from each group was titrated for complement activity,
eétablishing a base line titration for each group, against which
further titrations could be compared.

Sera from the test groups, I, II, III, IV,wwere placed 1in
0.5 ml. glass ampoulés, which were sealed and stored at =-25°C,
These sera, collected prior to treatment, were used as controls
for their respective groups.

Sodium sulfamethazine was administered orally to the test
groups, while the control groups, V, VI, VII and VIII received
no drugs. = The doses used were those suggested by Swales (1951);
220 milligrams/kilogram body weight the first day, followed by
150 milligrams/kilogram body weight the second and third days.
This schedule was repeated seven times during the experiment.

The guinea pligs were bled from the heart. 0.5 ml. of
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blood from four gulnea pigs in each test group was added to
distilled water, for sulfonamide level determinations. The
remainder of the blood was allowed to clot for one hour at room
temperature, centrifuged, and the serum drawn off. The seéa
collected from the guinea pigs in a group were pooled, and what
was not used iImmediately was sealed in glass ampoules and stored
at -25%¢C,

The four groups receiving the drug were dosed throughout
the experiment, but were rotated for bleeding. This prevented
any group from being bled often enough to cause changes in the
complement due to overbleeding.

BLEEDING AND DOBING SCHEDULE FOR TEST AND CONTROL GROUPS

Date. Groups bled. Sodium sulfamethazine
fed to test groups in
mg./kg. body weight.

Nov. 8 All groups

Dec. 3 220
Dec. 4 150
Dec. 5 150
Dec. 6 Groups I, V., 150
Dec., 8 150
Dec. 10 Groups II, VI.

Dec., 14 Groups III, VII.

Dec. 17 220
Dec. 18 150

Dec. 19 Groups IV, VIII., . 150
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Date. Groups bled. Sodium sulfamethazine

' fed to test groups in
mg./kg. body weight.

Dec. 27 Groups I, V.

Jan. 7 220

Jan, 8 150

Jan. 9 150

Jan. 11 Groups II, VI.

Jan. 14 220

Jan. 15 150

Jan. 16 150

Jan, 18 Groups IV, VIII.

Jan, 21 220

Jan. 22 150

Jan. 23 150

Jan. 25 Groups I, V.

Jan. 28 220

Jan. 29 150

Jan. 30 150

Feb., 1 Groups II, VI,

Feb. 4 220

Feb. 5 150

Feb. 6 150

Feb. 8 Groups IV, VIII,

Following each bleeding the

sulfonamide level in the

blood was determined by the method previously desecribed.
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The sera from the test groups were titrated by the method
described under "Methods", The quantity of serum required for
initial and 50 percent hemolysis of the standard quantity of
maximally sensitized sheep red cells was noted. With each test
titration two control titrations were run. The first was the
titration of the complement from the control group; any variat-
ions in complement levels due to seasonal fluctuations, infections,
etc., were controlled in this way. The second control was a
titration of the complement frém the test group, which had been
collected prior to the administration of the drug and stored at
-25°C,

Discussion of results:

It was found that there was very little change in the
complement titers of the guinea pigs undergoing sulfonamide
therapy. The reéults summarized in tables XVIII, and XIX,
showed that the number of initial hemdlytic units per ml. of
serum remained practically unchanged over the two month period.
There was a litfle more varistion in the number of 50 percent
hemolytic units.per ml, of serum, but not enough to suspect any
inhibition of complement activity.

Table XVIII shows that on Jan. 25 there appeared to be a
slight diminution in ﬁhe complement titer of the test group.

In Table XIX, however, it is seen that the control group and the
frozen serum control titers were also low on this date.

There was no evidence in these results to suggest any

connection between the complement titers and the sulfonamide

blood levels.
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Table XVIII. The complement titers of guinea pigs receliving
normal dbses of sodium sulfamethazine.

Date of Number of | Sulfur Hemolytic units/ml. serum.
bleeding.| guinea level
pigs bled.| in mg. %.

Initial 50%
Dec. 6 6 1 1000 375
Dec. 10 5 10 1000 375
Dec. 14 S 0 1000 500
Dec. 19 5 14 750 375
Dec. 27 6 0 750 428
Jan. 11 5 0 1000 428
Jan, 18 4 - 1000 428
Jan. 25 6 o 750 333
Feb. 1 4 0o 1000 428
Feb., 8 3 0 1000 428

Table XIX, The complement titers of the individual groups.

Groups. Date. Test serum | Control serum | Frozen serum
control

Hemolytic units per ml. serum.

Init. 50%| Init. 50%| Init. 50%

Test group
I. Nov. 8 % 1000 428 1000 428 - -

Dec. 6 1000 378 1500 750 600 272
Control groun
V. Dec.27 750 428 1000 428 1000 428

Jan.25 750 333 750 428 - 750 200




Table XIX. continued.

Groups. Date. Test serum |Control serum| Frozen serum
control

Hemolytic unlts per ml. serum,

Init. 50% Init. 50% Init. 50%

Test group
II. Nov, 8 750 428 1000 428 - -
Dec.10 1000 375 1000 375 1000 250

Control group

Vi, Jan.11 1000 428 750 333 760 333
[FFeb, 1 1000 428 750 375 750 250

| Test_group
III. Nov, 8 1000 500 1000 428 - -
Dec,14 1000 500 1000 428 1000 500

Control group

 Test group
IV. *#  INov, 8 1500 428 1000 428 - -
Dec.19 750 375 1500 1750 750 272
Control group »
VIII. Jan.18 1000 428 1000 333 1000 375
Feb, 8 1000 428 1500 600 750 250

¥  Nov. 8 base line titrations determined prior to sulfonamide

therapy. : '
#% Group III was discontinued after January l4.
E TE was very difficult to determine the number of 50 percent

hemolytic units per ml. of serum in group IV.

When the serum from group IV was titrated on Nov. 8, prior
to the administration of sodium sulfamethazine, the titration gave

a normal "S" shaped curve when plotted on graph paper.
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Since Nov. 8, Group IV was bled three times during the
experiment, and each time gave a jagged inverted curve (graphIIl).
The first time this curve was seen, on December 18, it was thought
to be due to inaccurate pipetting. The complement was again
titrated, and the curve obtalned proved to be identical with the
former inverted one. On Jan. 18 and Feb., 8 jagged inverted
curves were again found.

The last dose of sodium sulfamethazine was given on Feb,
6, and on Feb., 28 group IV was bled and the complement titrated.
The resulting curve resembled tﬁe inverted curves previously
obtained.

It was suggested that the serum of one of the guinea pigs
of the gfoup might be responsible for the peculiar curve obtained
from the pooled sera. The three remaining guinea pigs in group
IV were separeted, and bled. Two 20 tube titrations were set
up for the serum of each guinea pig. It was thought that by
running two titrations on each serum, any inaccursascy in pipetting
would be shown., 1 ml. of serum from each guinea pig was placed
in a glass ampoula, sealed, and stored at -25°C, A control
titration was run on previously tested complement.

Two of the guinea pigs had low complement levels, with
normal "S" shaped curves. Both titrations of the serum from
the third guinea pig gave abnormal jagged curves (graph III).

The following day, the frozen serum from the guinea pig
giving the abnormal curve was titrated in duplicate. Both
titrations gave identical normal "sS" shaﬁed curves., The guinea

pig was bled again, and the fresh serum was titrated in duplicate.
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Not only were the resulting curves identical, they were also
identical with the "S8" shaped curve obtained from the frozen
serum.,

Why the sera from group IV gave abnormal curves was never
discovered. It may have been inaccurate pipetting, but this
seems doubtful as duplicate titrations always gave the same
results, Dirty test tubes were another possibility. This does
not seem probable, however, because only the first 8 tubes in the
group IV titrations were ever affected. All other groups gave
perfectly normal curves, as did larger quantities of group IV
serum. If dirty tubes were causing the irreguler curves, one
would expect to find them scattered through the other group
titrations also.

b. The effect of excess doseg of sodium sulfamethazine

and frequent bleeding on guines pig complement.

As normal doses of sodium sulfamethazine appeared to have
no effect on the complement titer the effect of large doses was
investigated. _

If the drug were 1n any way to inhiblit the manufacture of
one or more of the components of complement, it would not be until
the avallable store of this component within the animal had been
used up that one would expect to find a reduction in titer. The
guinea pigs were bled frequently, therefore, to make visible any
interference with the production of components that might occur.

Method:
16 guinea pigs were divided into 4 groups, with 4 animals

in each. Groups I and II were test groups and the other two




- 100 -

were controls.

Sodium sulfamethazine was dissolved in distilled water
so that 2.5 ml., of the solution contained 330 milligrams.
Groups I and II received this dose 5 times a week for 4 weeks.

Group I and its control group were bled every 3 to 4 days,
while group II and control were bled once a week. Complement
titrations and sulfonamide blood level determinations were
carried out after each bleeding by the methods previously described.

BLEEDING AND DOSING SCHEDULE.

Test group and Sodium sulfamethgzine administered
Date.  control bled. to test groups in mg./kg. body weight.

Feb., 11 330
Feb, 12 II 330
Feb. 13 330
Feb., 14 s 330
Feb. 15 . 330
Feb, 18 I 330
Feb, 19 11 330
Feb, 20 330
Feb, 21 I 330
Feb. 22 330
Feb, 25 I 330
Feb. 26 II 330
Feb. 27 330
Feb., 28 330
Feb. 29 I 330
Mar. 3 330
Mer. 4 II 330

Mar. 5 1 330




- 101 -

Discussion of results:

The results are summarized in Tables XX and XXI.

There was very little change in the number of initial and
50 percent hemolytic units per ml. of complement in group I over
a three and a half week period, during which time the guinea pigs
were constantly receiving sodium sulfamethazine and were bled
six times,

Group II, which were only bled once a week, showed a
constant number of initial hemolytic units for the first three
weeks, but in the fourth week a slight diminution was seen. The
titer of this group, measured by 50 percent hemolytic units,
decreased steadily from 500 to 300 units per ml.

The average titer, measured in 50 percent hemolytic units,
of the guinea pigs uéed in this laboratory, was between 428 and
375 units per ml. In the first week group II was therefore
well above average, while in the second week 1t possessed an
average titer. In the last two weeks, however, the complement
level fell below average. It can be seen in Table XXI.that the
control group was also slightly below average. Only in the
fourth week was the titer of the test group lower than the titer
of the control group.

Both tables show that no correlation existed between the
actual sulfonamide blood levels and the complement titers.

c. The effect of sublethal infections of D, pneumoniae

on guinea pig complement.,

The few studies which have been published regasrding comp-

lement activity in pneumonia present conflicting conclusions.




- 102 -

The complement titers of guinea plgs receiving

Table XX.
excess doses of sodium sulfamethazine. Group I.
Date. Sulfonamide level | Test group. Control group.
in milligrams L
percent,

Units per ml., of serum.
Initial 50% Initial 50%
Feb. 14 10 1000 375 1000 375
Feb, 18 9 1500 333 1500 428
Feb, 21 13 1500 333 1500 375
Feb. 25 13 1000 333 750 375
Feb. 29 - 1500 333 750 375
Mar. 5 11 1000 333 750 333

Table XXI. The complement titers of guinea pigs receiving
excess doses of sodium sulfamethazine. Group II.
Date. Sulfonamide level Test group. Control group.
in milligrams
percent.

Units per ml. of serum.
Initial 50% Initisl 50%
Feb., 12 14 1000 500 1000 375
Feb, 19 9 1000 375 600 250
Feb, 26 13 1000 333 1000 333
Mar., 4 14 750 300 1000 333




- 103 -

Dick (1912) reported that in cases of pneumonia, complement was
low before crisis and high on the second or third day following
erisis. Rutstein and Walker (1942) noted that 16.9 percent of
their pneumonia cases had low complement levels on admission to
hospital, and all of these titers were normal following recovery.
On the other hand, Ecker, Seifter, Dozois and Barr (1946), report-
ed that two cases of pneumococcus Type III meningitis exhibited
extraordinarily high complement levels in the days preceding
death.

In this experiment complement levels of guinea pigs in-
fected with D. pneumonlae were compared with those of similerly
infected animals which were receiving sulfonemide therapy.

Method:

A virulent strain of D. pneumoniase, Type I, was used.
Strain No. 710 is a stock strain in this 1aboratofy, and its
virulence for guinesa pigs was tested by Nunes in 1949, Here-
after it will be referred to as S-710.

S-710 was transferred from & lyophilizing tube to "L.S."
broth, and from this suspension blood-agar plates were inoculated.
After 18 hours incubation at 37°C. the plates were covered with
smooth colonies which were surrounded by areas of alphs hemolysis.
Gram stains showed typical gram positive cocei, in pairs, sur-
rounded by a definite capsule. Bile solubility tests were
positive, and capsular swelling and agglutination were seen when
the organisms were typed with Type I antipneumocoocus rabbilt
serum.

Before injection into the animels the organism was
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transferred to "pneumo broth" and incubated for 18 hours. One ml.
of this culture was diluted in 9 ml. of peptone broth, and was
twirled between the hands to insure good mixing. 1 ml., was then
removed and placed in another 9 ml. of peptone broth, with shaking,
resulting in a 10~2 dailution. To infect the guines pigs, 1 ml.
of the 10™2 dilution of the pneumococcus was injected intraper-
itoneally.

It has been demonstrated by Besredka (1899) end Murray
(1924) that in the presence of carmine, when given either at the
time of injection, or previous to the injection of living menin-
gococecl intraperitoneally, the apparent virulence of the organism
is markedly raised. Following the method of Nunes (1949), a
stock solution of carmine in physiological saline was prepared,
so that 1 ml. of the solution contained 100 milligrams. Immed-
iately prior to the injection of the pneumoeocci 1 ml. of the
carmine solution was injected intraperitoneally.

A golution of sodium sulfamethazine was prepared so that
1 ml, contailned 150 milligrams.,

14 healthy guinea pigs, all weighing between 800 and
1100 grams, were divided into 5 groups as follows:

Group I, 3 guinea plgs; experiment control.

Group II, 2 guinea pigs; carmine control.

Group III, 2 guinea pigs; sulfonamide control.

Group IV, 3 guinea pigs; infected with pneumococci

and treated with sodium sulfamethazine.
Group V, 4 guinea pigs; infected with pneﬁmococci.

Complement titrations and sulfonamide blood level deter-
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Following

each bleeding, sera from each group were placed in glass ampoules

which were labelled and stored at -25°C,

Complement reagents were prepared and tested as previously

described, and the titers of the individual components were de-

termined in groups IV and V.

Schedule of procedures. .

Date. Time. Group. Treatment.
Mar. 11 9:30 I None
A.M,
II 1 ml. carmine solution intraperi-
toneally.
I1I 1# ml. sodium sulfamethazine orally.
Iv 1% ml. sodium sulfamethazine orally.
1 ml, carmine solution intraperi-
toneallg.
1 ml. 10°< dilution of pneumococci
intraperitonesally.
1:30 I,I11,III, Bled. Complement titers and
P.M. s Ve sulfonamide levels determined.
Mar. 12 2:30 IIT & IV. 1% ml., sodium sulfamethazine orally.
M.
I,II,III, Bled. Complement titers and
Iv,v. sulfonamide levels determined.,
Mar. 13 i $30 IIT & IV. 1% ml. sodium sulfamethazine orally.
'M.
Mar., 14 9:30 I,II,III, Bled. Complement titers and
A. M., s Ve sulfonamide levels determined.
Mar, 25 9:30 I,II1,III, Bled. Complement titers and
A.M, s Ve sulfonamide levels determined.
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Discussion of results:

The results are summarized in Tables XXII and XXIII.

The guimea pigs experimentally infected with D. pneumo-
niae showed a definite reduction in their complement titers.

The infected guinea pigs which received sulfonamide
therapy showed a reduced complement titer three days after the
infection started, Two weeks after the date of infection the
complement titer of this group was close to the original titer,
when measured by 50 percent units, but the number of initial
hemolytic units was still low. Unfortunately the sera showing
the reduced titer had deteriorated during storage, due to a crack
in the glass ampoule. The titers for the individual cemponents
on this date were not listed in Table XXIII because of the deter-
ioration. The titers of the individual components on March 256
were similar to the base line titrations of this group.

Two weeks after the date of infection the gulnea pigs
which did not receive sodium sulfamethazine showed a complement
level one half that of the baseline level. The number of
initial hemolytic units was only one third of the number found
in the original titer. The 50 percent hemolytic units were
thought to give a better indication of the complement levels in
this experiment, because all the titera in the control and test
groups were low when measured by initial hemolytie units,

The titers of the individual components were measured in
50 percent hemolytic units per ml. of serum. When the comple-
ment level of group V was diminished by one half the titer of
C'2 was also reduced by one half, and 40 percent of C'4 activity

was lost. The titers of C'l and C'3 remained unchanged.
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Table XXII. The complement titers of guinea plgs gggerijontalllginfected with D. pneumoniae, Type i, . Straln 710,

Date. ' _ Group;nnmber‘dn trestment.
I. II. o IIn . Iv. | v.
Experiment Carmine.control. [Sulfonamide control, 20 mg. sulfamethazline orally. 1 ml. carmine intraperit-
control, 1 ml. carmine 220 mg. sodium ml. cargine intraperitoneally. | oneally. o
intraperi- sulfamsthazine ml. 107° dil. pneumococcus 1 ml, 10™° dil. pneumococcus|
toneally. orally. . - intraperitoneally. intraperitoneally.
o i L R
Hemolytie uni%i'por ml. of complement,
. o |
Initial. 50%. Initial. 50%. Initiel. ‘ZSOZ;, ] Initial. 50%. Initial. 50%.
Mar. 3% 750 250 1000 333 7.1000 230 1 1000 ' 272 1000 333
. . ; - ""' | .
Mar. 11 1000 230 600 230 600 ‘i£§0 1000 250 750 272
Mar., 12 600 200 1000 . 272 | 600 .230 1000 272 N 1000 300
Mar. 14 1000 200 1000 230 1000 = 230 428 ‘ 150 750 272
Mar, 25 750 272 500 272 500 "”f R72 500 266 333 170

* Base line titration, prior to infection.

Table XXI1II. The titers*¥ of the individual components of guinea pig complement before snd after infection.

_ X 4
Date. ' Group IV, : ' 1 Group V.
cr. c11. cre. c!3. - C'a, cr. c'1, cr2, c13. Cr'4.
363 :f )
Mar., 3 272 1600 272 800 1333 333 2000 300 500 1333
Mar. 25 266 1600 266 800 1333 170 2000 145 500 800

*¥% Measured in 50 percent hemolytic units.

i Base line titration.



In both groups IV and V, C'2 was the component present in

the least amount before and after infection. As has been ment- .

ioned, R'l, the complement reagent used to determine the titer ‘

of C'2, was never very satisfactory, and the low C'2 titers ob-
tained may be due to the poor reagent. The drop in titer of
C'2 in group V, however, could not have been caused by the re-
agent, as the same R'l was used for all C'2 titrations.‘

The control groups showed large variations in their
complement titers, some of which were markedly low, Only those
titers, therefore, which were sign;ficantly lower than the con-

trols were considered to be indicative of complement inhibition.
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DISCUSSION.

Evidence has been presented showing that normal and
excoss doses of sodium sulfamethazine have no effect on guinea
plg complement in vivo. Sodium sulfamethazine was the sulf-
onamide used in these experiments, because of the popularity of
sulfamethazine in the treatment of infections in small animals.

In vitro experiments have shown that large quéntities of
the sulfonamide drugs partially inhibit complement activity.
Several different sulfonamides were tested. The drugs which
are most soluble in aqueous solutions showed the greatest in-
hibitory action, and the more soluble the drug, the higher was
the pH of the complement sulfonamide mixture. Pillemer and
Ecker (1941b) have shown that complement functions best at =
neutral pH, and deviations on elther side gradually inactivate
it. A pH of above 9.5 completely and irreversibly inactivates
complement, while a pH of 7.5 to 9.5 destroys the midpilece. It
is difficult to tell in this case how much of the inactivation
was due to the high pH, and how mueh to the sulfonamide itself.

A group of guilnea pigs experimentally infected wifh
Diplococcus pneumoniae, and receiving sulfonamide therapy, show-
ed a 45 percent reduction of complement activity three days
after the date of infection. Two weeks after the start of
infection the complement level of this group was practically
as high as the original titer. A control group of similarly
infected guinea pigs, receiving no sulfonamides, showed a 50

percent reduction in complement activity two weeks after the
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start of infection. At the time of the reduction in titer, C'2
possessed only 50 percent of its original activity, while 40 per-
cent of C'4 activity was lost,

If the low hemolytic aetivity of the complement, encoun-
tered in this experiment, was due to the employment of the comp-
lement in bactericidal activity, it would explain the difference
in time intervals between the date of infection and the reduct-
ion in complement titer seen in the two groups. The sodium
sulfamethazine would help overcome the organisms, allowing the
antibodies and complement to overpower the infection in a relat-
ively short period. One would expect, therefore, a drop in
complement titer soon after the infection started in the guinea
pigs recelving sulfonamide therapy. The infected guinea pigs
receiving no therapy had only the natural body defences, 1ie.
antibodies and complement, and a longer period would ensue before
the organisms were killed. |

Among the earliest workers who studied the role of comp-
lement in bactericidal action of blood and serum were Liefmann
and Stutzer (1910). They split guinea pig serum into midpiece
and endpiece, and noted that in the presence of rabbit anti-
serum only the endpiece was required for bacteriolysis, whereas
both fractions were needed for hemolysis, Dozols, Seifter and
Ecker (1943) showed, however, that the bactericidal action of
complement was destroyed by the inactivation of any one of the
four components. They reported that the bactericidal action

of human complement against V. comma was fortified by the

additien of endpiece.
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In the guinea pigs infected with D. pneumoniae the drop
in the hemolytic activity of the complement appeared to be due
to a reduction in the activity of C'2 and C'4, the components,
which make up the endpiece of complement.

It is of interest to note that during the perlod of
infection the only symptom that was noted among the infected
guinea pigs was the reduction 4i complement activity. The
animals remained healthy to all outward appearances, they ate
and drank the normal amount and no weakness developed. None
of the guinea pigs died during this period, nor in the two

weeks following the experiment.
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SUMMARY .

1. The presence of C'3 and C'4 in rebbit hemolygin in
.no way affected the titration of guinea pig complement.

2. Large quantities of sulfamethazine, sulfapyridine,
sulfadiazine and sulfasoxizole partially inhibited the hemo-
lytic activity of guinea pig complement in vitro.

3. The Inhibition of complement activity was directly
proportional to the increase in pH caused by the sulfonamides.

4. Normal and excess doses of sodium sulfamethazine
had no effect on guinea pig complement in vivo.

5. Guinea pigs experimentally infected with D. pneu-
moniae, Type I, Strain 710, showed a 50 percent reduction in
complement activity two weeks after the date of infection.

6. At this time C'2 possessed only 50 percent of its
former activity, while 40 percent of C'4 activity was lost.
C!'l and C'3 remained unchanged.

7. Guinea pigs, infected with D, pneumonia and receiv-
ing sulfonamide therepy, lost 45 percent of their complement
activity,

8. The 45 percent loss in complement activity was seen
three days after the start of the infection. Two weeks after

the infection date the complement level had returned to normal,
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