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A STUDY OF THE CONCENTRATION OF THE ANTI-
BODIES IN THE BODY FLUIDS OF NORMAL
AND IMMUNE ANIMALS*

FRavE C. BECET AND JamMEs R. GREEER.

(From ike Eull Phyriclogical Loboratory, The Umiver sity of Chicage.}

THE presence of antibodies of various kinds in serum has long
been known, and the concentration in that fluid hes been carefully
studied. The presence of antibodies in the various other body
fluids has not been so carefully investigaled, nor has sufficient allow-
ance been made for individual variations in animals of the same
species. While the authors were associated with Dy, Carlson in his
work on lymph formation, he suggested that a careful comparizon
between the concentration of the antibodies in the various bedy fluids
of the same animal might be of considerable importance in determin-
ing the differences between the lymph and serum, and in that way
throw light on some of the problems of lymph fermation, and possibly
also on the point of origin of antibodies. When the work was begur,
we intended to collect lymph Ffrom the different organs, but the
practical difficulties encountersd in inireducing cannulae into the
delicate lymphatics of such organs aa the spleen was so great, that
the project was temporarily abandoned, and ihe work has becn con-
fined to a comparison between serum, lymph from the cervical lym-
phatics, lymph from the thoracic duct, pericardial Auid, cerebrospinal
fluid, and aqueous humor. Thus far work has been done on the
hemolysins, hemagglutinins, agglutinins for the typhoid bacillus,
the protein precipitins, and the opsonins, bacterial and erythrocytic.
No work has yet been undertaken on the bacteriolysins. We have
not enough data to enable us to draw any broad conclusions, and we
will content ourselves with presenting what we believe to be the facts
under the various conditions studied,

Literatare.-—The first studies that we were able to find on the relative concentra-
tion of antibodies in the various body fluids wers those of Pegano,*® who found the
voncentration of hemolysing of the thoracic lymph in dogs lower than that of the serum.
Falloise it and later Batelli+ confirmed the work of Pegano. Hughes and Carlson-8
working on normal dogs, horses, and cats found the concentration of hemolysins for

* Recaived for publication November g, 1909,
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rabbit corpuscles in the body fuids t& form a descending series: serum, thoracic lymph,
neck lymph, pericardial fluid, aqueous humor. No lysing were found in Lhe cere-
brospinal Buid. Straus and Wolf+ studied the hemolytic power against mbbit cor-
puscles of the cercbrospinal fuid, edema fluid, pleural and pericardial transudates,
and blister fuid, and attempred to correlate the hemolytic strength with the protein
content, Marshall and Morgenroth?s found anti<omplement and anti-amboceptor
in a pathological exudate—an ascites finid. Hedingsr 2 ¥ studied the hemolytic power
of non-inflammatory exudates like those arising from clrrhosis of the Hver and heart
failure, and found that they were not 30 bemolytic as the serum.  The infarmatory
exudates arising from cases of tuberc ulosis and carcinoma were not s strongly hemolytic
" ps non-inflammatory exudates. He failed Lo find hemolysing in the Swid from an
ovarian cyst, or in the cersbrogpinal Buld in two cases of tuberculosis. Muarshallss
found that pleural and ascites Buids wers more sirongly hemolytic than the serum
from sninfant.  Put no conclusions can be drawn fram this comps rison io regard to the
comparative hemolytic power of serum and other body Buids in the same individoal
He found & multiplicity of amboceptor and complementa in the fluids that he stedied.
Gmollo 4 could find no amboceptars for mbbit corpuscles in transedates, but found
them in exudaies, altho in the laiter complement is often lacking. He suggests this
methed a8 & means of diagnosis between bransudates and exudates. Liadked? con-
firmed the Bndings of Marshall in regard to the hemolytic strength of tansudates and
exudates, Granstridmt lound wide varistivos in the hemelrtic conient of Lmnsu-
dates and exudates, und could establigh b6 chamcledstics eanentinl for eitber. The
hemolysins did not run paralle] with those of the blood. Isolysing are found less
frequently in (ransudetes and exudatss than in the blood, Hemolysins were not
found in the cerebrospinal fudd, Isalysins and heterolysins were found independent
of the albumen content, turmber of the leukocytes, and the psmotic pressure of the
fuids tegted Todeschis- found precipiting in both trangudates and caxudates, less
froquently in the latier than in the former.  Mioniz® found amboceptor but oo com-
plement for guinea-pig carpuscles in the pericardiat Auid of the ox.  Bard? cinims to
have found hemolysine in the cerebrospinal Buid of patients, and found that they were
incressed during varols diseases. Bassagliaa® could not confirm the work of Bard,
His results in both healthy and dissased individuals were negative. The presence of
antibodies for syphilitic material in the cercbrospinal Auid has been shown by various
investigators, among them Morgenmih and Stertz, 2t and Wassermana and Plautss
Gattl * eoutd demonstrate oo hemolysing in the aquecus humor of the ox.  Levaditi*
showed that there is normally no opeonin in the aquecus humor; but if 1he Auid of the
anterior chamber of the eye of an immwune animal i3 withdrawn, the newly formed
aqueous humor will contain cpsonin.  Bohme® investigated the opsonin content of
pleural, peritoneal, and abscess Avida  He found that usually in such cases the opeonin
cantent of the Auid was recduced for the infecting organism, but remained unchanged
for other bacteria. He could find no opgonin in normal cerebrogpingl Aujd, but found
them thero after an inflammaricn bad been set up in the dura. He could not develop
opsotins in the cercbrospinal fAuid by repeated puncture as Levaditi had done by
drawing off the aqusous bumer. He believes that there is a relation between the
protein content and the opsonin action of a fuid.
Methods.—The plan of study adopted was Lo determine first the concentration
of the antibodies in the body ftuids of normal cats and dogs; then the concentralion in
actively immunized animals; and, Soally, 1o study the passage of the natibodies from
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the blood into the other body fluids in animals passively immunized by the with-
drawal of large quantities of blood, and the injection of a corresponding amount of
warm, defibrinated blood from an actively immunized animal

‘The body fuids were secured under s nearly aseptic conditions as possible. The
animal was ancathetized with ether, and kept in a state of complete anesthesia, by the
. administration of the vapor through a trachea canouls or through a wbe introduced
through the larynx.  The neck lymphatits were then fnolated, and small, sterile, glass
cannulse provided with sterile, ubber tuling were inserted. I there was no free fow
of lymph, the neck was gently massaped.  The lymph was never allowed 1o eome in
* contact with the air of the room, for s soon as it filled the cannule and a part of the
rubber tubing, it was drawn off by means of & fine, sterlle Pasteur pipetie, and placed
in & dry, sterile teat tube plugged as for bacteriological work,  The lymph was allowed
to coagulate spontansously in the test tube, and was then defibrinaed, and the delicare
coagulum removed.

‘The thorecic duct was tied off ar the same time as the jsolation of the neck lym-
phatics ao that the lymph formed during the experiment was retatned in the duct. Usaally
the lymph from this duct was not coblected until the animal had been bled to death,
altho somedmes it wag collected simultanecusly with the neck lymph. The routine
method was to draw the lymph by means of a Pastour pipette provided with o bulb, so
that the fluid never came in contact with the air st all.  This Auid was also defibrinated.

The pericardial Buid was never collected until after the death of the animal by very
complete bleeding from the atter(es and veins of the neck,  The thorax was opened
by removing the sterhumt, 8 amal! hole was cul Inte the pericardium, and 1he fuid was
removed by means of u aterile Fagteur pipetre.

We found it a good plan in aur experiments to suapend the animal by the jaws for
& few minutes before aitempting to withdraw the cerehrospinal fluid.  This drained
awny the blood from the head and made admixture of this fluid with bload leas likely.
Qur method was 1o open the dura between the first and the sccond cervical veriebrae,
and then remove the fluid by means of the Pasteur pipette.  The end of the pipeite
must be wrll rounded in the fiame, vtherwise nipture of the delicate blood vessels of
the meninges is hkely to follow.

The method of collecting the aquesus humor was simple and easy, It consisted
in thrusting a sharp pointed Pusteur pipette into ithe antedor chamber of the eve
through the cornes, and allowing the aqueous humer o Now inta it, larpely by Lhe
tension within the eyeball. A lttle suction suificed to remave the Tust drop of the Avid,

The serum was secured from blood drawn when the animat was bled to death,
and in most cases was freed from the corpustles al once.

Careful notes were made in regard to the condidon of the Auids, and in most
cases where there wgs any admixture of blood, the fuid was discarded.

HEMOLYSIE AND HEMAGGLUTINING.

Methods.—The study of the hemolysins and hemagglutining in normal® animals
was made on dogs only. The animals wilized were brought in from various parts of
the city. Most of the tests were mace with rabbit corpuscles in § per cent suspension
in o.g per cent NaCl solution, In some cases tat and horse corpuscles were used.

* The term “nocnal ™ mesos enlmnls which had ot previously been inmunkeed by us. We hod
w0 way of koowing what thelr history had been provious to coming o the laboratory.
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Our methods were the following: Quantities of the varicus body Auids of the animal
to be tested varying between o, 1 c.e. and o.coot c.c. were placed in a series of eight
dry, sterile test tubes plugged as for baglerological work. In order 10 make Lhe
necessary messuremenin with a plpette graded to {4y of a c.c., dilutions of the body
Auids % and (7 were made, To the faid in each tube enough sterile o, g per cent
MNaCl solution waz added to make the total volume up to 0.4 c.c.  To this was then
added 0. 2 c.c. of a 5 per cent suspension of the cotpuscles ta be tested.  In this way we
got dilutions of the fluid varying hetween 1:6 and 1:6,144.  All of the fluids from the
same animal were prepared, the tubes were placed in a block containing a suitable
number of holes, and adjusted (o the aliding platform of a shaker in an incubator
warmed to 37° C. The shaker was run by water power, and the motion was rapid
tnough to secure constant, thorough agitation, but not viclent enough 1o injore the
corpuscles.  The routine technic was te keep the tubes in the shaker for an hour and
in the ice-box from 1z to 3o hours to permit sedimentation of the corpuscles before the
Gnsl reeding.

In determining the amount of hamolysis in the final reading, the following method
wus employed: A measured sample of the corpusche suspension in the test was sedi-
mented in the centrifuge, and the supgmarant Equid drawn of with a pipette. The
corpuscles were then laked by adding distilled water to restore the original volume.
This gample contained three times as moch hemoglobin s the hemolytic tests, because
o.2 cc. of the corpuscles were added to o, 4 c.c. of the Buid tested.  Thercfore, the
abowe sample was diluted to three times ita volume with water.  This, then, would give
cxactly the same concentration of hemoglobin as in any tube In the test, provided that
the hemolysis was complete, aid is termed Too pet cent for this sample of corpuscles,
By further dilution tubes contalning oo per cent, 3o per cemd, eic, were prepared.
No attempt was made to eslimate cloger than ze per cent. A new scale was made for
each sample of corpuacles.

The agglutinins were read from the same tubes as the hemolysins,.  The method
employed to determine whether or not agglutination had eccurred, was inspection of
the rim of sedimented cotpuackes. When the corpuscles, afrer sedimentation by stand-
ing in the ice-box, show a perectly smooth, knife-edged border, uo agglutination has
occurred.  If the barder is slightiy ar decidedly roughened, aggletination has ccourred
At first this method was carefully supplemented by microscopic examinagon, but it
waa soon found so accurule that in the laler expenoeats we depended entlrely upon
the observation of the rim of the corpuscles, and dizpensed with the vse of the micro-
seope.

A, Normal animals—The concentration of lysins and hemag-
glutinins in the body Auids of normel animals varies within rather
narrow limits. This variation is great enough, however, to make it
necessary that the comparison be made between the body fluids of
the same animal. The following experiment shows the behavior
of the body Huids of the normal dog.

Table I shows that the concentration of hemolysins is greater
in the serum than in the other hedy fluids; thoracic lymph is next,

at least in the case of rabbit corpuscles; and neck lymph is third.
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This difference in the hemolytic power of serum or other body fluid
against the corpuscles of different species of animals has been
explained by Ehrlich and his coworkers on the basis of a multiplicity
of amboceptors and complements, some of which are specific, some

TABLE 1,

Courararve HEwoLyrie AND AcoLrrmuatmeg Powem or vee Boov Froms or 4 Norwat Do on
Fanmre awn Rat Copenicres.

SERTM Wiegk Lk TaoeAce Lyura
R B e
Dimorion Bahbit I Rat Eabbit Rat Rabbit Rat
4 T = [ 1
Aggl. | Lysls  Aggl. | Lysls | Agad | Lyshs | Agel 14!15 Aggl,
=+ i F Q o = + o +
c = + o L] ) + L] +
L] L] a o a o + a +
-] & -] o L] a + p —
— o o ap — o & o -3
° L o a o o o -] a
Precapuiar Futm | CREERMMFINAL Fimn ! Agmeors Howar
ThoTIon ‘Eabbit Rat Rakbit Rat Eahhit Rat
1 1 S - 1
Lynls | Aggl. | Lysis | Agel * Lyais | Agel. | Lyss | Ael. | Tosia ! Aggl. | Tyee | Aggl.
« | + o o a | e g i a o | m | —
o + o o a -] 7] o o L] 57 -
a a m o -] o = =@ a o o L3
L a s ] ] ] L} & -2 ] @ =B -
- R ° @ @ o o o B = ] -] @ -]
3By .. . o g a | o ] - a -] o o o

* It wili be noted that in this table sevem] tubes wre morked '3p.” By that symbol is memnt
hemolyds vot dus 1o the ordinary bemalysinn, The appeamance of the purially biced covpescles is engirely
different from that ia the ocdinory hemalptic test.  The hemoglobin chn be seen diffusing from the sedi-
meated corpeacles, white (he pupernatant Bold remelos perfectly clesr.  The hemoglebin hea the pecallar
reddish purple tint of rodweod hemoglobin, instesd of tee cear red of cxrFhemogiobin, Fuorthermore,
taking may appear anywhere In the series, Iraquenily, whers no hemolyals 1n do be expected, and [s met
more often in Gulds ke the cersbroapita], or squets bamot, #luUch are normally wd bemolylic, than b
the other fluids. Hat corprascles seem more susceptible La thin form of hemolysis than mbhit cormeces.
Complement seems to inhikit this form of hemolysis

non-specific. In most cases the thoracic lymph of normal dogs is
hemolytic for rat corpuscles, altho in the experiment cited above, such
was not the case.

As may be seen from the table ahove, the concentration of agglu-
tinins may be higher in the thoracic lymph than io the serum.  Such,
however, is not the usual finding. In 10 experiments on normal
dogs we found in seven the concentration of agglutinins highest in
the serum; in two it was highest in the thoracic lymph; and in one



132 Frank C. BEcHT AND James R. GREER

the concentration was the same in both. The fact that the concen-
tration of agglutinins may be greater in the thoracic lymph than in
the serum, renders it hard to see how these antibodies can come from
the blood by pure filtration, for in that case, we should expect the
hemolysins to run a parallel course—a thing which they do not do—
or else we must assume that the agglutinins pass through membranes
more readily than the hemolysins. It would be necessary, also, on
the basis of filtration, to assume sudden great changes in the concen-
tration of the agplutining in the blood, for on no other basis could we
explain the fact that the concentration of agglutinins would be so
much lower in the serum by the time the lymph reached the upper
end of the thoracic duct, than it was at the time the lymph was
formed. Of course cther explanations are possible: there may be
an active secretion of the agglutinins into the lymph from the blood,
or the agglutinins, efter being formed in the area drained by the
thoracic duct, are thrown into the lymph, reaching the blood by that
route. Much more investigation must be made before any conclusion
can be reached on this point.

The pericardial fluid when collecled under the best conditions
never shows hemolysing for rabbil corpuseles.  Agplutining may or
may not be present. Tn four of our ten suypposedly normal dogs
hemolysis was noted, in only one ¢ase amolnting 1o more than ro per
cent. Of these four animals, two were in poor condition, emaciated,
and peneraily run down, and both these dogs yielded ewcessive
amounts of pericardial fluid; in the other two cases, the pericardial
was found to contain & few crythrocytes. Agglutining were found
in all four of these cases and in three others, making a total of
seven in ten.  From these experiments we are inclined to believe that
hemolysins are not found in the pericardial fluid of normal dogs. The
faci that some animals showed hemolysins in the pericardial fluid
we would explain as a pericardial transudate in two cases, and to
admixture with blood in two cases, We did not test whether it was
amboceptor, or complement, or both which was absent from the
fluid, altho we have evidence on this point in immune animals.
Agglutinins for rabbit corpuscles may or may not be present in the
pericardial fhuid of normal dogs.

As will be seen from Table 1 the cerebrospinal Auid and aqueous




