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The Precipitation Test in the Diffe ation
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s ats of Domestic and Game Animals.

Introduction

Triis work was undertaken not only vecause of the

academic importance, but because of the potential value
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specific test that could be applied to the dif=-
ferentiation of meats of domestic and big game animals.
In fact, the research was inspired and fostered by thne

off
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cers of the Manitoba Game Branch, who pointed out
that such a test would provide a further check on the
depredation and activity of the incorriglble poacher.
frequently, the game guardian has some difficulty in
obtaining a convicticn against the illegal hunter of

bip gem2 animals, although no doubtl may exist in the

of ficer's mind as to the origin of confiscated meat.

Tt is not unusual, for example, for the culprit to claim
that picces of suspected meat are from sheep and not

from deer. Agein, the meat may be in such a condition
at the time of seizure that even the experienced officer
has difficulty in making a satisfactory or unquestionable
determination by casual inspection. The development of
a dependable test, sensitive enough 1o differentiate

the flesh of releated species, would obviate suci problems.

Before assigning this task to the writer, Lr. J. 4.

Allen, pathologist of the Hanitoba Game and Fisheriles

&y w2



Branch, made a preliminary review of the literature and
decided that *“he precipitation method promised the great-

esl measure of sUCCESS.

Tt wes known, of course, that the preciplitation
test has been applied in the practice of meat inspection
in America and in Burope, where horse meal was often
fraudulently substituted for other and more expensive
meats in the preparation of meat products. iHowever, no
mention wes made as to its application to this specific
problem. rsurthermore, two of the principal governmental
laporatories, dealing with related problems in Canada
and in the United States, were consulted and thelir rec-
ords and references indicated that no experimentation
had previously been conducted in the differentiation
of the meat of big game animals and thal of the domestlic

food animals.

Precipitins in General

The importance of the use of the precipitin test
as a practical method in the differentiation of albumins
of different animals, was first realized by Ehrlich and
¥ascermann in 1900. The specific character of precipi-
tins had already been indicated for bacterio-precipitins
by Kreus, Boraet, Fich and ¥orgenroth in their work on

Lactosera.
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Thrlich and Wessermann however wideneu the field.
The principle underlying their work was the discovery
that when a foreign protein such as blood serum was 1n=
jected several times with intervals of a few days be-
tween injections, the body of the rabbit would develop
a resistance to this protein in the form of entibodies
in the pody-fluius, particularly in the blood=-gerum.
This blood-serum when removed from the rabbit ana mixed
with the specific protein that had been inoculated would
cause a precipitate or,as it is usually called, "precipi-
tum® to form. The serum possessing this properly was
termed antiserum, in contrast to the serum or antigen

with which it was tested.

Nuttall summarizes the knowlecge of precipitins
very competently, extracts of which are given in the

next few paragraphs.

Precipitins or Antiboules are found in ihe globu=

lins. & great deal of work has Dbeen done in this field
by various workers and the precipitins have been found
in various globulins: pssudoglobulins, paraglobulins,
and euglobulins; but have been rarely,‘if at all, found
in the serum albumin. The precipitins cccur in most

of the organs of the bouy, particulerly large amounts
being found in the peritoneal lymph glands, «lso in the
agueous humor, and are transmitted to the ofispring in

Libero when the mother is treated durlng pregnency.
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The regeneration of precipitins in the body =&
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large bleedings is improbable due to esnaemla and to the
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lack of the foreign substance which stimulated its pro-

@

duction. The precipitins begin to disappesr in the
animzl one month arter the last injection, even when
not bled; ana elso diseppear in rabblts after prolongeca

treatment, in other words, the animal becomes immune.

The Precipitable Substance I.e. the protein in-

oculated and the precipitin may ee-exist in the serum
of immunified animals, &t times still after blesling.

This cen be detectea by mixing the antlssra.
o

The Precipitum, (as ascertained by various workers;,

is soluble in ailute acius and alkelis; is insoluble in
water and in sclutions of neutral salts and alkaline
carbonates. Nolf, 1900, consicered it a globulin.
Precipitum from ox-serum was found Lo contain abunuant
phosphorus in organic combination, and gave the biuret,
xenthoproteic, anu glycoxylic reactions and was found
to contain loosely-bound sulghur.

)

Heat above 60 C destroys the efricacy of both the

precipitable substance {(antigen) and of the antiserum.

The Nature of the Precipitin Heaction

Zisenberg (1902}, found that both substances com-

bine quantitatively.



ruller (19023, end Leblanc (1901}, cbtalned similar

s pointing to the fact that both substances are
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sresent in the precipitui,
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Strube (1302}, like the others found a gquantitative
relation to exist between the interscting substances,
for on adding 5 ¢cec. of a blood dilution to differen
proportions of its homologous antiserum in dilutions of
1 :10 to 1 : 5000 he obtained, as Nuttall has done,
cecreasing guantities of precipitum. Nuttell, however,
recommends for medico=-legal work keeping the amount
of the antiserum constant wihile progressively diluting

the antigen.

nyd

%elsh and Chepman, however, take another viewpoint.
“Recognizing that the antiserum is the maln source of
the precipitate in a precipitin reaction and having
regard to the exact quantitative relations of antiserum,
antigen, and precipitate we have heen able to arrange
methods for the differention of proteins of closely
related species.--Ewing, following a suggestion made

by Uhienhuth and others, tried the effect of pro-
gressively diluting the antiserum while maintaining

the blood dilutions constant. He founa that when

added to various bloods in solutions of egual strength
an antihuman serum in its highest dilution acted only
upon human blood dilutions.eccececcc.o @ method which

we had independently devised, which though super-
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ficially similar is fundamentally different from that

of Bwing.

To a series of fixed guantities of each protein
to be tested there were added progressingly diminishe-
ing amounts of the antiserum......... Our method
was based on the experimental finding that the pre=-
cipitable substance is contained in the antiserum
and that there is a quantitative relation belween tihe
amount of the precipitate and the amount of the anti-
serum, provided the homoclogous protein is sufficient..
eoe. the weight of the precipitate is proportional
to the weight of the antiserum engaged in the inter-
acticne.coosoeo 1L the protein of the homologous
species be replaced by the proteln of any hetero-
logous, however closely related (as tested by the
biological method), the weight of the precipitate from

that quantity of antiserum is diminished.”

Tt is this method and viewpoint of Welsh and
Chapman's that has been followed on the whole by the

writer, in ithis work.

Specificity of the Precipitins (extractec from Huttall)

Strube thought thet the quantitative differences
cf reaction is due to different species of blood not

having identical constitution (obvious), but having
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& closely related constitution, so that the antiserum

for one reacts to & limited extent on the other.
It is assumed that the serum is composed of c¢ifferent

albuming, (and there appears to be evidence of this},
which we shall style {a), (b), and {¢). BSubstance (a.

is present in the heterologous species but (b) and (c)

are not. With the homologous antiserum, (a), (b}, and (c)
are ali precipiteted. (The writer would like to add to
this by suggesting that in groups of closely related
animals, where group precipitation occurs, that (a) and
(vy are precipitated and that where (a) alone 1ls pre-

cipitated it shows only the general mammalian reaction}.

4

Tistorical Introduection

.

(Extracted from RNuttall)

1. The medico-legal use of precisitins was dis-

covered almost simultaneously by Uhlenhuth, Wassermann,
and Schutze (1901). They differentiated between man

end other animals and found close relationship Cetween
man and baboons, the reaction taking place more slowly

and to a lesser degree in the latter case.

Uhlenbuth and Nuttall (independently; found that
putrid blood was just as speciflic as Iresh blood.

Nuttall alsc found that putrid antisere were specific.

2, 4ntisera in the Examination of leatls
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From the preceding it seemed natural to conclude

that meat extracts would react Lo corresponding naemea-

tosera for the reasson that they contain blood.

Unlenputh (1901 ), obtained a positive reaction with
anti-pig serum, tested upon the organs of a plg which
had been dried for 18 months. Continuing this line of
investigation he obtained positive results with the
antisera for pig, sheep, horse, donkey, and cat blood,
when these were tested upon the corresponding meatls.

He found that anti-sheep serum gave almost as much re-
action with goat as with sheep, and less with beef. He
found that mixtures of mealt could be detected by the
precipitin method in minced meat, in sausage and smoked

meat (all uncooked of course).

The method of examination consisted in scraping
the meat and extracting it with water or saline. An
extract was suitable for testing when it foamed on being
shaken. The extract was very cloudy and had to be
cleared by repeated filtration through filter paper or

a2 Berkefeld filter. If extracted with water, an equal

o

volume of double normal salt sclution had to be added
to the watery extract before testing. In testing he
added 10~-15 drops of antiserum to 3 cc. of the salins

meat exiract.
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Von Rigler used this method in the study
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of meat adulteration. He prepared 207 watery extracts

of the meat of se pecies of animeals (roebuck, hare,

ot
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rabbit, horse, ox, pig, and cat) and injected 5-10C cc.
thereof every 3 days subcutaneously during one month.
Whereas normal rabbit serum had no effects on the meal
extracts, the antisera were specific acting on extractls
of mixed meats, as also upon some boiled and roasted
meats of an homologous kind. (It is strange that the

heat from cooking had no effect on the reactionj.

Notel (1902) treated rabbits with horse serum,
muscle juice, and muscle extract (in .17 soda solution)
injecting subcutaneously every 2=3 days amounts of 10 cc.
until 10-12 doses had been administered, after which 6
dave were allowed to elapse belore the animals were bled.
He obtained the least effective antisera from the serum
treated rabbits. (The writer hes obtained similar

results ).

Fa 2, % 2
Vallee and Nicolas (1903, have confirmed these
observations. They speak of sero-precipitins in conira-

distinction to musculo-precipitins.

Nuttell in his quantitative technigue using serum
for antigen rather than meat exirescts and using antiserum
prepared from injected serum obtained the following
results in tests with anti-sheep serum, anti-ox serum,

and anti-reindeer serum, i.e. the tesits which correspond

most closely with the writer's tests.



A, Anti-Sheep Serum

1. %With sheep serum 10C %
" 0ox serum 75
¥ reindeer serum 35
" hogw~deer serum 45
Z. With sheep serum 100 4
4 goat serum 59
¥ oX serum 37
" antelope serum 33
¥ reindeer serum 29
W hog-deer serum 2z
B. Anti-Cx Serum
@ith ox serum 100 4
" antelope serum 45
4  sheep serum 36

C. dnti-Reindeer Serum (Rangifer tarandus,

With reindeer serum 100 %
#  goat serum (sp.) 38
¥ hog=-deer serum 33
¥ goal sp. serum 18
" antelose serum 15
*  sheep serum 15
*  whale serum 28

Nuttall, in these tesls, was merely irying to es-
tablish blood affinities and not to show the finer dif-

ferences between various kinds of mezl of closely related
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species. His work was wholly with blood and blood-
serums, not with meat extracts as is necessary in medico-
legal work in testing meats. However, his work indicated
Lhat there might be sufficient difference in the species
of closely-related game anu domestic animals lo bear

further investigation.

Hethods

The following methods used by the writer fall into
two large groups--4. The Preparation of ithe Antisers and
adntigens and B. Tests of the lleat Exiracts by the Lif-

ferent Antisera.

A. The Preparation of the Antisera and Antigens

The Preparation of Protein (Serum) for Inoculation

1., Cow, BSheep

Flasks full of blood were obtained from the abattoir
and kept in the rerrigerator until the serum had separated
from the clots-(24-48 hrs.j. This serum, which was
usually fairly clear, was then poured into tesi-tubes and
centriruged until the haemoglobin was thrown to the bottom
of the tube. This clear serum was then poured into &
bacterial filter. During the early stages of this work,

a Berkeield porcelain rilter was used, but later it was
founa to be more economical of material to use a Seitz

filter,

This sterile serum was stored in sterile flasks and
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kept frozen until needed. Sterilizing the serum, as
recommended by Nuttall and Uhlenkuth, was found to be
advantageous, because in the few cases where this pro-
cedure was omitted there was & fairly high percentage of
deaths in the rabbits inoculated. This was due in some
cases to large abcesses in the abdomen which developed as
& result of the unsterile serum. In a few cases the
deaths were due to heavy infestations of parasites, hence
care was teaken %hefeafter, to procure as healthy rabbits

as possible and to keep the serum sterile,

2. Deer, lioose

Tn this case, it being impracticeable to obtain the
blood from the animal, solutions of meat extract were
‘made up as follows: OUn the average, 100 gms. of meat
were cut up into small pieces and allowed to soak in 100
ce. of normal saline (.75%). If the meat contained a

s .
5

good deal of blood, more saline was used in proportion to

the meat. It was found that alternate freezing and

thawing helped to draw the blood ocut. When the meal was

practically colorless (24-48 nrs.,, the solution was fil-

o~

tered first through a coarse filter, then through the

o

bacterial filter and kept frozen until used.

Tnoculation of the Serum into the Rabbits

Throughout this work the intraperitoneal method of
injecting the serum was used exclusively and gave gocd

results. This was the method preferred by Unlenhuth and



==

[#N]

-1

A1

frt
O]
[
20
[4%
jeh
o
[4)]
ot
ot
[
3
&
[
e
ot
ot
[
[
il
o
&
3

t
e,
[
[

method was Taster and yi
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rabbit was laid on ite back on a specially designed board

so that & wide rubber band was passed over its chest,
under its fereleg and fastened under some nails on the
otirer side of the board. A similar band held its thighs
down with its legs spreed apart, so that the abdomen
bulged out beitwesn the two bands. In this position even

the strongest rabbit was powerless, and the whole pro-

cesg conld h2 easily carried out by one person.

The area of the abdomen shaded was clipgped free of

hair and washed carefully with lysol. & 10 cc. syringe

]

was found icst practical and a mediumlj fine needle was
used with it, both of them being sterile. Nuttall re=-
commended using a blunt needle and making an inclsion
in the skin with a sharp scalpel, but that was found to
be unnecessary. The skin was pinched up and the needle
wes inverted through it, then through the abdominal
muscles, care being taken not to puncture the intestine.
The serum was then injected, the needle withdrawn and

1

the spot was daubed with lysol to prevent infectlion.

The amount inoculated wes increased gradually from
% or 4 cc. in the first inoculation to 10 cc. in th= last
one. BSeven or eight inoculations were sufficient on the
average; Muttall made anywhere from 5-8 injectlons.
Usually 7-12 deys (sometimes 12 or 13 dayé when not cone-

&
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venient earlier) after the last inoculation, the rabb






-1l

wes tested by bleeding from the marginal ear-vein. This

o

vein weas made to stand out Ly rubbing the sar with xylol.
The excess xylol was wiped off and the vein was pricked
with a sherp needle, the drops being collected in a small

%3 ¢cc. test-tube. The blood was ellowed to clet and the
serum which rose to the top was péured into another test-
tube and tested with antigen. If a good precipitate was
formed the animal was ready to bleed, if not, it wes in-
oculated once or twice again until the antiserum wes sirong

enough.

én index of cards recording the dates of injections

S

bleeding was kept. There was one for each

Laa

and date o

rabbit--as follows:

A. Rabbit I. (White) Injected with Cow Serum
septe. 17 5 cec. Bentrifuged Clear Orange
# 2 \"5 4 H ¥ " i
H 2;6 5 i ] (1] ki
] 30 6 Ll LH W 9
GC -t ° 23 ‘? @ it i #
i} 7 8 it 4] i ]
fi 11 9 W Filtered Sterile Red
¥ l 5 l O 1® # 1] ¥
" 29 Bled~~about 15 cc. extbacted--rabbit

lived-=streong antiserum--sterilized-~-irozen.

B. Same Rabbit

{
o

Decs & 3 cc. - Sterile serum

L 9 i_}‘ # #H ki



o J_ e
Dec. 13 5 cc. Sterile serum
3 1 ‘7 6 1] b i
¥ 2 C '7 i i 1]
i 24 8 . i 11 1]

Break due to lack of serum

Jan. 7 10 ce.

i l 7 8 ]
] 27 8 ]

BN

Feb., 10 Bled--about 50 cc. extracted=-rabbit

lived-=stronger antiserum-~-sterilized~-=-Irogzen.

L)

From the above reéoré several conclusions were drawn.
1. The antiserum from B was strongsr than from 4 in
spite of the irregularity in the number ol days between
injecticns and the irregularity of the amounts injected.
This may have been due to the rabbit having been inocu-
lated previously i.e. there may still have oeen séme
antibodies present; or else tﬁe irregularity itself tends

to make stronger antiserum.

2. Cbviously, that indiviaual rabbit consistently

gave good antiserum. There was, on the other hand, a

joN

rabbit incculatea with sheep entiserum that was treate

O

in a very similar way to the rabbit above, butl the anti-
serum, after both series of injections, was very weak.
Evidently thet rabbit was inceapable of meking good anti-

SEeruil.

Nutcvall had remarked on the fact that animals of
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similar weight under identical treatment will yield

ntisera of different strengths. He warned agasinst long-

™

1. 3,

continued trectment of rabbits in the hope to strengthen
the antiserum, es 1t would only lead to the disappearance
of precipitins from the blood, in other woras the animal

would become immune.

Bxtraction of Blood irom the Habbits

The fur covering the chest on the left side was all

clippeu off and the area daubed with lysol. A sterile

)

30 cc. syringe and a long sterile neeule of large calibre

3

were placed close to hand and the rabbit was put under

[

ethére In this process a cone-shaped Iunnel of cardboard
stuffed with cotion wadding and open at both ends was
found very efrective. A few drops of ether were poured
onto the cotton and the rabbit's head was insertec in

the wicer opening of the funnel.

1,

When it lost consciousness {(testing by tcuching the
eye with the rorefinger untili it stoppea blinking ) the

funnel was retractea an inch or two, but kept near enough

[oB

50 that it could be replacea quickly, if necessary. The

from the syringe, was then inserted

[oh

needle (detache

o

between the ribs at a point halfway down the length of
the sternum and Z=-5 inch out from it on the left side of
the rabbit. The lert foreleg was extended straight out

-

nd as far back as possible so as to be out of the way.

[ah]

“hen the needle had penetreted into the thoracic cavity
I o



cently around until the heart was directly
beneath it {judged by the heat against the needle-point;.
Then the needle was thrust down and the bloou came

spurting out of it. The

onto the needle and when

blood i.e. approximately

This blood was put into large sterile test-tubes,
sealed with a cotton plug and allowed to clot. The serum
was then poured into smaller sterile test-tubes to be
centrifuzed arter which it was poured into a third set oI
sterile test-tubes and kept frozen. If it was to be

kept for long it was sterilized as well, butl for immediate

use it was only found necessary in a [ew cases.

Muttall's method of bleeding was quite different.

(&)
[8)
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fe would bleeu the animal to death by benuing the rat
head back and slitiing its throst across thus cutting
through the juguler vein. The blood would spurt forth
and was collected in a large sterile dish which was im-
mediately covered. The sesrum when 1t geparated out was
pipetteu into sterile glass bulbs curawn out at one end,
which was then sealed over a Dunsen burner, ceare bein
takedrﬁot to heat the antiserum in the process. He
claimed that serum which rose later should be preserved
with chloroform or sterilized by a bacterial filter. The
first serum would generally be sterile due to the clot
retaining the microorganisms, some of the bacteria also

being killed by the bactericidal property of fresh serum.
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The Preparation and Titration of Antigen for Tests

All the antigen was made in the same way to obtalin
as identical a concentration as possible in all cases.
Approximately 90 gms. of meat wére cut up fine and 30 cc.
of saline were poured over it. This was let stand in
the refrigerator until as much blood was drawn from the
meat as seemed Lo be possible (24-48 nrs.;. This was
then poured into a filter to remove any sediment and

later passed. through a bacterial [ilter.

lMacerating the meat with sand, as suggested by some

w
0

¥

authors, was found to be cumbersome and nc more advan-
tageous as the extracts prepared in the usual way were
strong enough and in macerating nol only the blood and
muscle juices were extracted from the meat but also the
fat, which would pass through the coarse filter and clog

up the pores of the bacterial filter.

Leach, in summarizing papers by Uhlenbuth, Vasser-
mann, oschutzes, Gaujoux, etc., suggests using 50 gms.
meat--100 gms. saline, [irst, however, exlracting the
fat from the ground-up meatl by means of ether or chloro-
~form. Huttall, however, warns against the use of ether
as a preservetive for blood solutions as it Interferes
with the precitin reaction. Hence ether used for

removing fat could elso be objected to on these grounds.

The writer, however, discovered a simple way of

removing the fat. Four samples of meat were prepared by
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i ries Branch--for testing as unknowns.
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the Game
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In this case, large quantities of fat were ground up with

m

the meat. This constituted guite & problem until it was

o
88

iscovered that =11 the fat could be removed from lae

[oN
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saline extracts by centrifuging, thus avoiding cloggin

up the bacterial [ilter.

In the case »f beef and lamb i.e. animals which were
bled to death, the meat nasturally did nol contain as
much blood as the meat of animals killed by shooting, i.e.
game animels. Therefore, the 3:1 solution was not always
as concentrated in the former case as in the latter. DBut
this was corrected as much as possible in the tests, by
first titrating various dilutions of this 2:1 exiract
against its homologous antiserum--c.g. stralight 3:1, 1:5
dilution in normal saline, 1:1C, 1:20. The best dilution
to use was found to be 1:10, in practically all cases.

de

o

Then with that dilution further titrations were m
with varying amounts of antiserum, antigen, and saline,
to find the point at which the maximum amount of pre-
cipitete was formed erd which was &t the same time mosi
economical of antiserum. In khis way each antigen was
examined and catalogued to indicate the best cilution to
give maximum results with its homologous antiserum be-

fore being used in tests againet other antlsera,

The following titration test will perhaps serve to
clarify the above statement. Sheep (antigen serum from

the top of the clot) in 1:100 dilution was titrated



against sheep antiserum (mixed] and saline. The amount

=

of the antiserum was constant--znd varying quantiti

bty

M

s O

saline and antigen were used.

line samount of
Precipitate

L
o

Antigen Antiserum R

.3  CccC. .25 ce. .00 cc. 053 loose
o A gele: .C35

035 25 Rele L043 %

] .25 05 . 035

025 .25 ol . 0BT

. e 25 .15 D24

15 .25 .20 G2

o1 0 25 .25 LOL7

.05 25 ! 2012

This titration test, being the firsti, was more elab-

orate than necessary and later a more contracted form wes

used.

Then the sheep extract was tested. It was found that
the 1:5 dilution gave the best resulis. This was then
titrated against the antiserum, as above, butl a narrower

range was usede.

Antigen Antiserum Saline Admount of
Precipitation

o4 CC. <& CCo UG ce. LUlB
935 025 eQ‘C‘ ,C‘l%’“‘“‘
G 25 . 0B L0182
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4s the quantities starred yield the most precipitate
they were used thereafter in any tests with either homo-
logous or heterclogous antisera. When much more antigen
than .35 cc. was used there seemed to be an inhibitory
force at work, and if much less antigen was usea, it
seemed to be insufficient to precipitate ocut all the pre-
cipitin in the antiserum»-aé interpreted according to

Welsh and Chapman's views.

vethiod of easurement

The antigen, antiserum, and saline, 1f any, were
measured into and mixed by shaking in a small 3 cc. test-
tube. This was allowed to stand for a minute or two until
all the liquid settled to the bottom of the tube and the.
sides were fairly dry. Then the fluld was drawn up 1nto
a 1 cc. ninette graduated in tenths anc hundredths. The
relative quantities of antigen, antliserum were so regu-
latea that there were always .6 cc. to be drawn up into

P

the pipette.

[

th careful pipetting only .02-.04 cc.
(at the most) were left in the test-tube--the amount of
precipitete from which would be negligible. A&pproximately

the same amount was left in all the test-tubes in a test.

The chance for error there was eliminated in the
end by averaging the results of a grest many tests.
Glender pipettes with a fine point woulu leave only .CL cc.
in the test-tubes in most cases, and hence were the Dbest
for this purpose.

&
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After the liqulid was drawn up into the pipette, the
tip of the latter wess aried and dipped in melted wax a
few times until the hole was thoroughly sealed, thus
holding the column of fluid in place and in addition
keeping it sealed [rom bacterial contamination. The
finger was removed from the top of the pipette, which was
inverted and inserted into & special reck where it was
heid rigid and upright. The height of the column of
fluid haa been previously adjusted so that the meniscus
(the lower one, when inverted) was in the graduated area
of the pipetie. The precipitate when it formed would
gettle down on top of the meniscus, making the readings
very simple, using the gradations on the pipette itsell;
thus avoiding any errors due to using ungraduated capil=-
lary tubes ci varying calibre. The measurement could
thus be made very accurately to hundreths, and with a
fair emount of accurecy to thousancths, the error, if any,

N

being .CCL or less.

Yhen some of the precipitate stuck to the walls of
the pipette, 1t was aislodged by rotating the pipetze
between the hnands gently but quickly a few times. This
was usueally necessary after 12 hours. If the uipette
was badly jarred, the precipitate would slide down past
the meniscus wihich would make the readinge inaccurate
and hence make & repetition of the tesi necessary. Hence

great care was used therealter in handling the pipetlties.
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This seemed Lo be a more accurate method than that

-
H

of Welsh and Chapman who used fine test-tubes, although

&\

they were not descrived in the paper used as & reference

scertain whether or

3]

here. Hence it weas impossible to

not they were graduated.

)

Vaccine tubes were also used by the writer but were
found imprécticable due to the precipitate settling in
the wide mouth of the capillary tube, rather than in the
capillary tube itselfl, which was divided into hundredihs.
In some cases no amcunit of rotating would arive down all
the precipitate into the capillary tube thus making
accurate measurement impossible. Centrifuging was also
tried in this connection butl drove the precipitate along
one side of the capillary and packed it more tightly than

ander normal circumstances. Hence that ides was abandoned.

Nuttall 's method seemed much more cumbersome than
the pipette method described above. Nuttall used .l cc
antiserum and .2 c¢ antigen dilution and mixed them in a
small test-tube and left it standing for 24 hrs. the
clear supernatant fluld was carefully pipetted off with a
bent bulb caplllary pipette. The precipitum and the
small amount of fluid remaining were mixed and drawn up

zless capillaries with a lumen of approxi-

<

into thick
mately 1 wm. This was allowed to settle and ithen each
end of the column of precipitate was marked on the glass

with & glass pencil. Then the contents were blown out

and the capillary was washed and dried. Then enocugh
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clear water was run into the capillary [from & thermometer
graduated in tenths of a cc., (& small steel scale being
uged to measure the finer greadations;, to replace the
column of precipitate. The quantity was then read off

the scale. This method however is rather complicated.

A similer technique weas tried by the writer, using
sipettes graded in thousandtihs Lo draw up the column of
precipitum but usually the precipitum did not setile very
well due to the narrowness of the lumen. ﬁence tite coarse

pipettes were used in preference to the Iiner, although

the latter would be the best method, if perfected.

In the pipette method every precaution was taken to

prevent the test from being spolled by becterial con-

[€2]

taminaticn. The antigen and the antiserum were sterilized
by filtration end were kepl frozen in sterile test-tubves
which were carefully oslugged. The saline, pipeties, and
test=tubes were sterilized in an esutoclave, lze latler

two being kept spoliessly clean so that any cloudiness

or precipitate would show clearly.

The antiserum and saline remained perfectly clear
always. The antigen, nowever, in the more concentrated
solutions, would show, &after a time,,bits of flocculent

os

jon
)

matter, which was probetly coagulated albumin, perha
due to the alternate freezing and thawing. This, howsver,
was removed by centrifuging and the solution would stay

clear until frozen agzain. The more dilute sclutions of
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meat exbract such as were used in the tests did not act

iy

in this way. B3ut due to lack of space in lhe refrigerator
the meat extracts could not be kept frozen in the more
dilute form. In this way all the reagents were Kept per-

tectly free from flocculent matter that might be confused

with precipitume.

B. Tests of the Various antigens with the Antisera

Welsh and Chapman, in their tesis, useu aried anti-
sera exclusively. In a typical test they would use 0.0L
gms. dried antiserum dissolved in .4 cc. of saline. To
this they would ada another O.1 cc. of saline and 0.1 cc.
of antigen, which was egg-white 1n 1:100 dilution with
saline. TIn thelr tests they progressively decreased tne
gquantity of antiserum, keeping the antigen constant, and
increased the saline sufficiently at esch step so &s Lo
elways keep the amcunt of fluid in the tubes egual to
0.6 cc. When Lhe antiserum used weighed only .C005 gmse
& resction oceured only with the homologous antigen--that

reaction of course, being very slight. ,

The same principle was used by the writer but the
quentities were altered. By titration tests, such as were
mentioned before in this work, it was discovered that

with Ce3%5 cc. antigen, Q.25 cc. antiserum was the correcti

[§1¢1

amount to use, to bring about the maximum precipitetion.

o saline was usea in tests with those quantitiess,

Tn tests where the amount of hte antigserum was
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decreassd progressively, the saline was increased pro-
gressively so as to always keep 0.6 cc. liguicd in the
sipettes, as in Welsh and Chapman's method. Hence in
a test with 0.1 cc. antiserum, the amount of saline was
increased to 0.15, the amount of the antigen remaining
fixed at 0.35. 1In this work the smallest amount of

antiserum used was 0.05 c¢c.

The measurements of the precipitate in eall the tests

were made after 48 hours, approximately.

All the antigens were tested with normal rabbit

serum and remained clear.

All the antisers were tested with saline and re-
mained clear. The reason for this test was that Nuttall
noticed antisera which had an opalescent appearance and
reacted very strongly even with heterologcus antigens,
giving very inaccurate results. They clouded every
blood dilution and even clouded normal saline. Dre.
Graham-8mith, found several cases of 1t and some of the
rabbits from which the blood was taken, were heavily in-
fected with cysticerci, which was perhaps the cause of

the opalescence.

The various antigens tested were as follows:

Beef Bos bovis (8 %
Woose Alces americanus 7
Deer Cdocoileus virginianus (7
Caribou-Rangifer caribou (7

% Nos. refer to Bibliocgraphy.



Sheep Cvies aries (83
Goat Capra hircus 18
Fallow Deer Cervus dama (93

(Bnglish)

Swan Olor sp. 18:

Tests with dnti-deer 3erum (Virginia or White-Tail

Deer-=0docoileus virginianus)

The first procedure was to test the various deer
antigens (meat extracts), which had been prepared in the
usual manner i.e. 90 gus. meat with 30 gms. saline.
antiserum used in these tests was from HRabblt No. & and

L

was very strong. he first antigen tested was Deer sntigen
Ho. 3. In trying to ascertain the best dilution in which

to use it, GC.35 cc. of the antigen was mixed with 0.25 cc.
of antiserum., These two quantities were maintained con-

Y

stently while the dilution of the exiract was varied.

Antigen Dilution Amount Antiserum Hesults in
Frecipitate

Straight extract .08 cc., .25 cco 035 ce.
1:5 ¢ilution of % .35 # .25 # 052 % %
1:10 u woow 35 00 .25 ® sC43 W

The 1:5 dibution wes the hest and was used thereafter
in the tesis and the results with the relative amounts of
antigen and antiserum i.e. .35 cc., .25 cc., were so good
that no further titretion was made. This No. 3 antigen

was then tested against other deer antigens in what was
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surmised to be their best dilutions, as & means of com=~
parison., The same proportion of antigen and antiserum

was used as before.

o

(el

ilution brought down 0.05 cc
precipitate

Deer antigen No. 2 in 1:5

" b No., & ® 1:5 " n " 0,056 cc
precipitate

i " No. 4 " 1:10 i “ v C.087 cc.
precipitate
# ® No. 1 " 1:10 " u 0,07 ce.

precipitate

From this it seems thal different antigens have dif=-
ferent powers when acting on the antisera so as to produce
precipitate. However, each anligen varies in itlself from

time to time, in the power to produce more or less precipi-

O

tate. For instance, Deer Antigen No. 3 at times produced
0.52 ce. precipitate, at other times, .56, and at still
others, 0.32 cc. precipitate only. This variation may
have been due to differences in the room lemperature.
There was no other apparent reason. However, as the

average of a number of tests was taken tnis discrepancy

became more or less negligible.

In the following tests, the various antigens used had
all been tested with their homologous antisera to ascertain
the best dilution, and were used in that dilution in the

testls.

Table T (over,
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Table T

A

aAnti-deer Serum {Habbit 32

.35 antigen J
.25 antiserum ) were used in these tests
.0C saline J
Dilutions) Amount @ Amount | Amount  Amount | aAmount
of Antigens of of of of of
Antigens Precip. Precip. Precip. Precip.!Precip.
: 1 2 3 4 5
Straight Beefl .0B7 cc <02l cg 022 cc 02 cc .02 ce
1:5 ioose 025 . 026 . 028 . 029 .C29
1:5 Deer .03 L0528 032 .05 .05
1:10 Caribou .03 025 . 028 . G35 045
Straight Sheeg . 026 . O%9 029 .018 024
13100 Goat  .0l9 . CZ5 .02 02 022
Dilutions Amount | Amount | amount | Average
of Antigens  of of of Amt. of 4
Antigens Precip. Precip. Precip.| Precip.
6 7 8 -
Straight  Beef .02 cc 086 cc .02 cc 022 cc 507
1:5 lioose .03 . 035 . 028 . C2% 66
1:5 Deer el . 082 0528 . 044 100
1:1¢ Caribou .04 041 . G35 L0356 82
Ztraight Sheep .02 .022 . 024 .023 52
1:100 Goat 022 .Oz4 . 022 L0223 50

The difference between deer antigen and the extracts
of any of the domestic meats is very clearly shown in these
tests. Caribou seems to be most closely related to deer
and moose comes next in order. The goat antigen which was
used, was defibrinatea blood which had been sterilizeu.

By rights it should not be included in tests against meat
extracts but was brought in to show the difference between

the musculo-precipitins and the sero~-precipitins.. This
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ference does not show in this test but is very clearly
brought out in cases later cn, such as with sheep-anti-

serum.

Taple IT

)

Anti-deer Serum (Rebhit 3)

.35 cc antigen
.1 cc antiserum; used in these tests
15 cec saline )

Dilution CAmount Amount | dmount | Amount | Amount
of antigens  of of of of of
Antigens - Precip. Precip. Precip.| Precip. Precip.

| 1 ; 2 3 4 5
Straight Beef  .0CE cc 005 cc trace # trace .Cl4d ce
1:5 Hoose 004 L 00T .005 c¢c| trace LOLY7
1:8 Deer 010 .GLl3 .0l4 018 cc 025
1:10 Caribou .0C5 L0l2 .GC5 «COD LOLT
Straight Sheep . 004 elels 005 Nelels 015
1:10C Goat  .C0C4 trace trace trace not
| ‘ tested |
| ageinst
goat
Dilution | Average
of antigens Amt. of
Antigens Precip.
Straight, Beef L0055 cc | 28%
1:5 loose . 07 41
1:8 Deer LGL7 1CC
1:1¢C Caribou g elel; 53
Straight| Sheep - eley 41
1:100 Goat ; . COZ 11

#trace~-~-less than .002
The test with this amount of antiserum seems to be
even more specific than the first, the difference between

the deer and the heterologous antigens belng even greater.
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Test with

anti=Deer Sey

935
Ql
.15

1 2
Antigen~-Cow lioose

Tn #6 there was no

=

cc antigen
ce antiserun
cc saline

7
B

Car

L
@
a3
=

glaring on the meniscus gave i

See page 30

~

Teble IT

bou

”~

o

precipitate but the light

that effect.
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The moose antigen with the exception of the result checked
in test #4, seemed to be giving more precipitate than the

sheep-~-which was tc be expected from the srevious test.
1% i

Rabbit 3 is one which had been incculated and bled

$ix months previous to this series of injections.

The antisera in the following tests were very weak

and the writer has merely included them for contrast.

Table TIIT

anti-deer Serum (Rabbit 1)

.35 antigen 3
25 antiserum ) were used in these tests
.00 saline 7
Dilutions Amount | Amount | dmount |Amount | Average
of Antigens| of of of . of Precip.
antigens Precip.| Precip. Precip.|Precip. & %
1 2 3 4
L:5 Beef .COB%cc CUB%ce 006 cc .0l2 cc not
1:5 lcose sCl SOl % 2Ol 014 taken
1:10 Deer 4 .02 % 015 L2 % .02 because
1:1¢  Caribou | .Gl #* . CUYw .015% .C0B laccuracy
1:5 bheep trace trace L018% . 008 impossi-
1:100 Goatl faint faint faint faint | ble

trace trace trace trace

% The precipitate here did not settle properly but was
very light, and fine~textured, and formed a ring earound the
pipette at the meniscus i.e. lhere was either a hollow-
cylinder of precipitate, or else a very light, loose pre-

cipitaete. This made accurate measurement impossible.

Cne test was carried out with less antiserum, with

the following results:
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Teble IV

Anti-deer Serum (Rabbit 1)

ntigen )

atiserum ) were used in

aline 3
Antigens  Precipitate

in cec.

Beef trace
Hoose . 004
Deer . Q0%
Caribou trace
Sheep trace
Goat none

Another weak deer antiserum was used

these tests

in two tests,

In this case, however, the precipitate settled properly.
Table V
anti-deer Serum (Rabbit 2)
.35 cc antigen )
.85 cc antiserum) were used in these tests
.66 ee saline J
antigens Amount Amount Average Average
of of Amt. of A
Precip. precip. precip.
1 2
Beef .0CE ce .0C2 co 002 cc 289
Moose . CC3 «OCZ 003 33
Deer . Ok - 008 . CC3 10C
Caribou . 004 002 . 003 3
Sheep trace trace trace trace
Goat faint trace trace trace
S breace
Conclusions: The results with the deer antisera on
the whole are excellent even in the weaker antisera

e‘g‘



Habbit 2. It clearly shows a difference bhetween deer
extractis and those of domestic meats, and in addition,

indicates that caribou and moose are more closely re-

lated to deer than cows or sheep.

Tests with Anti-moose Serum-~Alces americanus

Two antisera were used in these tests--one from a
brown rabbit--the other from an angora rabbit. The meat
extract was titraeted against each antiseruwr and in both
cases it was discovered that the 1:10 dilution of the
extract gave the best resulis. 4lso the proportions
.35 ¢cc antigen, .25 cc entiserum, .00 cc saline gave the

best results as in the case of the deer antigen.

In testing the strengtih of the extract in this cacse
however, smaller guanltities of antigen and antiserum were

used=--Lhe reason bheing to conserve the antiserum.

Antigen Antiserum Saline Hesults in
Angora Precipitate
Rabbit
Dilution aAmount
1:50 .1 ce .1 ce .1 cec trace
1:10 1 cc .1 cc .1 cc fair precip.#
1:5 .1 cec .1 cc .1 cc trace
Straight .1 cc .1 cc +1 cc trace
Solution ?
Straight .5 cc .1 cc .1 cc none
solution !

* The 1:10 dilution being the best, it was then used

in & fine titration.
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4ntigen  Antiserum . Saline Amt. of
3 Angorea rabbit Precip.
.03 CC «Z3 cc .00 cc LO2E co
3 .25 W05 - LOR3B ¥
|85 o203 el 015
.2 <25 .15 L .0l5

As usual the proportion .35 cc antigen to .23 cc

antiserum gave the best results.

4 similar fine titration test was carried out in the
1:10 dilution of the extract with the antiserum from the
Brown rabbit. This asntiserun was found to be almost as

strong as the [irst one,

Antigen Antiserum . Baline  aAmbt. of
1:10 dil.  Browan rabbit - Precip.
4 ccC <2 CcC 00 ce 0 0L cc
235 .25 .00 L0B3 %
G s .05 Clz

\

“ The precipitation was almost as great as from the

antiserum from the angora rabbit.

The first tests were with sheep and moose antisera,

as follows:
Table T

Anti-moose Serum (Brown Rabbit)}

.35 cec antiger J used in this test
S

.25 cc antiserum j

Dilution | Antigens . Precip. %
of : in
Antigens cec.
1:10 licose .03 100
1:10 Sheep . 009 58
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Anti-sheep Serum (mixed)

ce antigen )
cc antiserum

«
ANt
L en

L3

used in tnis test

i

Dilution | Precip.

; of CAntigens in %
Antigens ce

P 1:10 Sheep .Cl8 100
[ 1:10¢ ficose . COB5 27
|

Evidently the difference between sheep and moose

antigens 1is quite marked.

This moose antigen had undergecne putrefaction and

7

gred.

Another moose antigen was used laler on

L

e

not putrefied. DBoth antigens gave identical

Bvidently, tithe putrifying had no detrimental

the strength of the specific reaction of the

Nuttall and other workers had discovered.

Table III

which had

results.

effect on
antigen,

Tests with Anti-moose Serum (Brown rebbit)

&

3]

.35 cc antigen ) wsre used in tlhese ltests
.25 ce antiserum)
Dilutions antigens Amount Amount | Average
of of | of  Amt. of %
Antigens Prefip.é Pre%ip.grecip.
E
Straight Beef 0C3 ce L0l2 co .007 co 38
1:5 Moose .01l6 - L.019 . Ok8 1C0
1:5 Deer .Cl4 G153 .Cl4 7T
1:10 Caribou .01 013 013 72
Straight Sheep . 005 LUl . UOT 38
1:10C Goat . 001 .02 # . 001 5




% Fallow Deer antigen in 1:10 dilution was used in
test #8. The precipitate was very light and flocculent.
It probably would have been equivalent to .Cl5 cc packed
precipitste.

Table IV

Tests with Anti-moose Serum (Brown Rabbit)

.35 cc antigen )
.1 ¢ce¢ antiserum; were used in these tests

.15 cc saline )
Dilutions = Antigens | amount Amount | Average
of of  of amt. of 4
Antigens Precip. Precip. Precip.
1 f 2
Straight Beel Trace cCC8 cc. .004 cc 27
1:5 Moose 003 012 . 007 10C
1:8 LDeer Trace <Ol 003 71
1:10 Caribou . 002 . 005 . 003 43
1:8 Sheep Trace . 003 . 002 28
1:100 Goat Non . CO6%

# Fallow Deer antigen in 1:1C dilution was used again,
but this time the precipitate packed down properly, and

gave a more typical result.

Both of the tests #1 in the above Tables were carried
out at the same time, and the reason for the amount of
precipitate being so little as compared in each case with
teets #2, which had been carried out together at a later
date, was probably due to the fact that the room temp-
erature was approximately 15° lower than usual--when the
tests #1 were carried out. The writer can think of no
other reason for it, as all the other factors were identical,

in all the tests.
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Table

Vi

Anti-moose Serum (Brown Rabbit)

.35 cc antigen )
.05 cc antiserum) were used in this test
.2 cc saline 3
Dilution  Antigens  Amount %
- of ~of
antigens Precip.
1:5 Beef 002 cc 25 %
1:5 licose . 008 100
1:10 Deer - 004 50
1:10 Caribou e 25
i:5 Sheep Trace
1:10 Fallow Trace
Deer ~
It can be seen from these itesgts that as ithe amount

of antiserum is decreased, the

reacts with becomes narrower.

range of antigens that it

In other words,

the test

becomes more specific.
Table VI %
Anti-moose Serum (Angora Rabbit)
.35 cc antigen ) were used in this test
«25 cc antiserum)
Dilution 4ntigens Amount Amount Amount | Average
- of of of - of  Amt. of %
Antigens Precip. Precip. Precip. Prec.
; 1 2 3 >
1:5 Beef .013 cc .0l cc .0l cc.0ll cc 78
1:5 licose .015 | .015 .clg  .0l4 100
1:1¢C Deer . 009 .Cl2 . 008 009 64
1:10 Caribou L0l LUL5% 0L 012 85
1:5 Sheep .C08 .CO7 .01 . CO5 35
1:10 Fallow - 008 . 08 L0l6% JClL 71
Deer ‘ ‘
% Evidently this antiserum is not entirely dependable at
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this dilution. In the next test, however, the antiserunm

seems Lo have acted normally.
Table VII

Anti-moose Serum (Angora Rabbit)

<35 cc antigen )
.1 c¢cc antiserum) used in thés test
.15 cc saline )]
H ] i
Dipution  Antigens amount 4
f of of
antigens Precip.
1:8 Beef Trace ;
1:5 Hoose L,008 cc 100
1:10 Deer « 004 50
1:10 Caribou . 004 50
15 bheep Trace
1:1C Fallow Trace
eer

Conclusions: From these tests it can be seen that

deer and caribou are most closely related toc moose and also

that with good antiserum such as anti-mocose (brown rabbit)

there is a clearly marked difference between moose and beel
antigens, and an even greater difference betlween moose and
sheep.

Tests with Anti-sheep Serum

The first sheep antigen to be tested was sheep serum

(from the top of the c¢lot) and was diluted 1:100 with

normal saline. First of all, there was a titration test

to ascertain the right quantity of antigen and saline to
.85 (This titration test was

use with ce of antiserum.

given before.;
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HAeection Antigen 4anti-serum  Saline | Amount
« of
Precip.

 Precipitate

forming in .5 ce .25 cc LU0 ce . 053 co
12 minutes ' {loose;
| .4 .25 .00 . 035
 Preci_itate % ;
Cappearing in <35 .25 .00 043
4 minutes ' ‘

¢ 3 « 25 .05 035

25 .25 o1 . 027

08 e 25 oL 3 024

Precipitate
appearing in .15 .25 -3 .0k
15 minutes | %

Precipitate 3
forming in .05 « 25 ) )
70 minutes

The proportion of .35 cc antigen to .25 cc antiserunm

gives the meximum precipitation as always.

The next step was to test the strength of sheep meat
extract. 48 in the case of the moose extract test in order
to conserve the antiserum, in the rough test, only minute
quantities of the reagents were used i.e. .lcc antigen,

.1 cc antiserum, .l cc saline. The various dilutions
tested were 1:5, 1:10, 1:20--1:5 and 1:10C gave the best

results, although 1:5 was slightly the better dilution.

<

The fine titretion test was next in order. The dilu-

h 1:10 of the extract was used.

ot
[=X
o
-

Antigen  Antiserum | Saline  Amte ol Prec.
4 cc .2 cc L .00 ce 015 cc f

o ! i i

@ ‘:3 53 ; 2 ;:3 o] ; L} (:}(:) E s (:>:§. 53 w :

«3 % 3 .05 g . 018 |




w4 Cw
The dilution 1:5 was itried with .35 cc antigen, .25 cc
antiserum and gave .Cl8 cc precipitate same as the 1:10

dilution. The 1:5 dilution was ithe one used theresfter.

e I

f

Tab

dnti-sheep Serum (Rabbit 3)

.35 ce antigen J
25 cc antéserum ) were used in this test
.00 ce saline )
Dilution = 4ntigens  dmouat of 7
of ,  Precip.
Antigens ;
1:5 .008 ce  8l%
1:5 Trace Trace
1:10 Deer . 006 . 46
1:10 Caribou . 008 - 48
15 Sheep SOl3 % 1C0
1:100 Goat O 158

% The explanation of those results, lies in the fact
that as the antinsheep serum was prepared by in;ecting
serum into the reabbit, sero-precipitins were formed. These
sere=precipitins will act more strongly with serum dilutions
then with muscle extractis, which is oniy natural, as the
muscle extracts contain comparatively little serum. These
sero-precipitins will even give more precipitate with
heterologous antigens (provided they aere dilutions of
serum,, than with a homoclogous antigen (if it is a muscle-
extract dilution;. The sheep antigen in this case being
a muscle extract and the goal extract being a serum
dilution (defibrinated blood), the reason for the above

results is obvious.

As proof of the above statement the resulis of the
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following test will spesk for themselves:

Table 1T

Anti-cow Serum (mixed)

.35 cc antigen ) were used in this test
.25 cc antiserum
antigen Antigens Amount ﬁ Reaction
~Dilutions : of
5 Precip.
1:10C Cow serum 03 ce Good precip.
in 2 minutes
1:5 Cow extract | .0QLlé
1:100 Sheep serum = .02 Good precip.
: in 5=10 min‘s,
1:5 Sheep extract ,002

Table ITT

Anti-gsheep Serum (Rabbit 27

.35 cc antigen )

.25 cc antiserum) used in these tests

.CO cc saline )
Dilution | Antigens Amount Camount  Amount  Average
- of ~ of of of 4mb. of, %
Antigens Frecip. Precip. Precip.Precip.
| 1 2 3 ?
L 135 Beef 007#cce 008 cc .Cl2%cc.009 ce 82
S 1:5 oose - 005 . 005 - 006 Relels - 45
L 1:10 Deer . 005 . C06 L0083 .005 45
| 1:10 Cearibou « 003 002 el <004 .36
L 1:5 Sheep - 005 . 0L6 011 011 160
L 1:100 | Goat .022 - .022 mink 022 ol
% > 1:10 {(goat)
| none

# In tests #1 and #3 the beef antigen gave more pre-

e
[0}

cipitate than t sheep antigen. Lvidently this anti-

serum is not dependeable at that dilution. In the next

table, however, the results are gocod,



-
Table IV

Anti-sheep Serum (Rabbit 23

.35 cc antigen

Ll
15 cc entlserum,; were used in these tests
L0 cc saline

R

-

7
Dilution 4ntigens | Amount |Amount Average !
of f of of Amt. of %
antigens Precip. Precip.  Precip.
1 2 |
135 Beefl 005 cc | .005 cc .005 cc 42
1:5 Koose . 0G5 . 0C2 . 004 3
1:10 Deer . 002 pRelels « 04 33
1:16 Caribou -C0O5 . 003 « 04 33
1:5 Sheep -Cl4 .01 012 100
1:10 Mink Faint Faint
Glouding Clouding

In the case of the mink no clouding showed until
24 hours --after which there was a faint clouding at the

meniscus. This was probebly the general mammalian re-

action.
Table V
Anti-sheep (Rabbit 2)
.35 cc antigen )
.1 cc antiserum) were used in these tests
.15 cc saline 3
SDilution antigens  Amount Amount Average
of of of Amt, of ‘ %
Antigens Precip. Precip. Precip.
1 2
1:8 Beef 003 | .00% .CO3 50
1:5 Moose Trace Trace Trace
1:10 Deer - L,0028 . 002 . 002 33
1:1C Caribou Trace | 004 L0082 33
1:5 Sheep Nolels . 006 . 006 1¢0
1:10 iMink Faint Pailnt
Cloud~ Cloud-
ing ing

Conclusions: None of the sheep antisera were as

strong as they should heve been, but indicate nevertheless



~d D
that after Goatlt antigen, Cow antigen reacts most strongly
with sheep antiserum. The difference between sheep antigen

1tigens of deer, moose, caribou (game meats) is

o

and the a;

guite marked.

o

Tests with Anti-cow Serum

In the titration of antigen to find the dilution which
gives the maximum precipitate, the mame method was used as
for sheep and moose. The l;lO dilution with saline was
found to meet those requirements at first; but later on a
weaker antigen was used, which could only be diluted 1%5

in order to bring about the same results.

Y

aple T

Anti-cow Serum (mixed}

.35 cc antigen

.25 cc antiserum, were used in these tests

+0C cc saline 3
Dilution aAntigens Amount | dmount  Amount AvVerage
of of of of Amt. of %
Antigens Precip. Precip. Precip. Preclp.
1 2 3
1:5 & 1:10 Beef .02 ccl .03 cc 028 cc| Q26 cci 100
-~ 1:5 Moose Nelek! .0L3 012 . CCGY 34
1:10 Deer .01 . 004 . 008 . CO7 26
1:10 Caribou 011 .01l3 Nejels .01 37
1:3 Sheep » CR6% .0l 018 68
1:100 Goat LOB6%H | 026 . 026 100

# It is impossible to explain why the amount of pre-
cipitate is so high in this case.
#% This is another case of the serce-precipitin problem

which was discussed before.




Anti-cow Serum (mixed)

« 33 cc antigen
+1  c¢c antlissrum

N

} were used in this test

s

.15 cc saline 3

Dilution Antigens 3 Amount of = %
of | Precip.

intigens
145 Beef L0l cc 1004
1:5 Moose « 001 - 20
1:10 Deer - 004 - 40
1:10 Caribou Trace Trace

Table TII

Anti-cow Serum (mixed)

¢35 cc antigen
- 0B antiserum) were used in this test
.2 c¢c skline ),

Dilution  Antigens | smount of %
of ' Precip.
Antigens
1:5 Beef ? L0022 cc 1006
1:5 Moose none
1:10 Deer Trace Trace
1:10 Caribou Trace Trace

In this case, as in all cases, if the antissrum is
strong, progressively reducing the amount of the antisgerum
finally brings about the condition, in which the homologous
antigen 1s the only antigen which has the power to produce

any precipitate.

The following tables are compilations of results of

tests with various antisera, some sirong and some weak.
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Table IV

inti-~cow Serum

s

serum; were used in these tests

gen )
ne 3

‘Antigens Anti~cow§ Anti-cow Anti-cow Antli-cow 4nti-cow
| ? L 2 ; 3 4
f amt. of  Amt., of  Amt. of  Amt. of  Amt. of
| Precip.  Precip. Precip. Precip. Precip.

. 028 ce 034 cc .015 cc 017 cc .01 cc

025 .02 Trace 004 Trace
Deer 014 «014 . 002 . 0CH Trace
‘Caribou = (018 .C16 <003 elel} 001
‘Sheep .Cl6 .Cld . 004 . 004 Trace
Goat ) ;
Mink ) G.032 ¥ Trace i Trace G.0L5 F.D. Trace
‘Fallow)
‘deer
éntigens  Anti-cow Average
i 4 Amt. of %

Amt., of FPrecip.

Frecipo.
Beef .0l co L01l% 100
lioose Trace .08 42
Deer Trace . 006 32
Caribou - 002 . 007 36
Sheep Trace - 006 3z
Goat
Mink ) Fo Do
Fallow) Treace
deer )

Table V
Anti-cow Serum
.35 cc antigen

.1 ccC
.15 ce

(over)

antiserum} were used in these tests
. %
saline J




Anti-cow

Antigens  anti-cow  Anti-cow Average
| 1 2 4 CAmt. of T 4
Amte. of Amt. of Amte of Precipe.
Precipe. Precip. Precip.
Beef .029 cc .009 cc .005 cec  .0l4 cc 100
noose LOL1 Trace Trace - L. 004 - 28
Deer <01 Trace Trace . 004 Lo28
Caribou . 008 . 002 002 . 004 . 28
Sheep . 0L Trace Trace L L004 - 28
Mink : | §
Fallow; ¥ Trace i Trace F.D. Trace §
deer ) ; i
Teble VI
Anti-cow Serum
.35 cc antigem
.05 cc antiserum) were used in this test
«2 cc saline J
Antigens é4nti-cow Anti-cow Anti-cow Average
1 2 4 amt. of | A
aAmt. of Amt . of aAmt. of Precip.
Precip. Precip. Precip.
Beefl .Cl5 ce 006 ce Trace .CO7 ce 1C0
lioose . 004 Trace None QG2 28
Deer 004 Trace None . 002 =8
Caribou <003 Trace None .003 43
Sheep 003 Trace None + 002 28
Mink )
Fellow) W Trace M Trace None
deer

Anti-cow serum 4,

it willi be noted,

is very

s 0

specific.

Tt had been kept frozen for three or four months; but
P

whether its specificity was due to that fact or not weas

not known.

In these last ithree

Tables--1I¥, V,

and VIi-=two facts

are shown very clearly in spite of the differences in the
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strength of the anticsera.

1. Beefl anticse initely differentisted

=

g

Qi

=

‘a4 can

&)
[0
o
i
(0]

?5«7

(«<j

from the other antigens in

(@]

luding those from geme-meats.
2. becreasing the amount of anitiserum dncreases the

gpecificity of the test as in Tables I, II, and III.

Conclusions on Secltion B

l1e Progressively decreasing the antiserum in the testis

[

increases their specificity.

2. To avoiu trouble with differences in sero-precipi-
tins and muscuio»precigitins, in this type of work, it would
be best to deal entirely with either one or the other. As
it is practically impossible to obtain the blood from the
big-game animalg, and as the practical application consists
entirely of identifying meats, the obvious course is to deal
entirely with musculo=-precipitins. In other words, it would
be expedient to inject only mesat extraois‘(net serum) into
the rabbits in the preparation of antiserum. The antiserum
prepared in this way is Jjust as strong if not stronger than
that prepared Ifrom serum. (e.g. anti-ceer serum #3)

. That any one of the antvigens--beel, moose, deer and
sheep--can be clearly differentiated from the other antigens

by meens of its homologous antiserum.

v

racticel dpolica

From the conclusion arrived at under Jection E, that
any one of the antigens~-beel, moose, deer and shsep~-can be
clearly differentiated from the other antigens by means of
ites homeclogous antiserum, it might seem at Tirst glance that

the probhlem of identifying unknown meats was
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solved. This, however, is not entirely true, as may be

seen 1rom the following tests.

1

In testing an unknown meat this was the procedure:

In the first place, the antigen was prepared in the

i

T3,

usueal way 90 gms. meat to 30 gms. saliﬁe‘ his solution
was then diluted 1:10 cor 1:5 until 1t eppeared to be of
the same concentration (as judged by color andg viscosity}
as the dilutions of the known antigens, which were used

in the tests,

A more accurate method was suggested by Welsh and
Chapman but was not tried by the writer due to lack of
time. To quecte, * 4n unknown protein solution could be
made ccmparable with the 17 protein solutions above em-
ployed (egg-white 1:100) by so adjusting the dilution that
U.1 cc should yiela with trichloracetic acid e precipitate
measuring between 1 mm. and 2 wm. in narrow tubes, as des-
¢ribed by us. Then 0.1 cc of the unknown protein solution
woubd contain approximately 0.0001 gm. of dried protein;
and the test could be carried out by comparing this
solution with similar dilutions of the homologous protein,

and of a closely allied heterolozcus protein.®

The method used by the writer, however, was feirly
accurate due to experilence in handling cilutions of meat

extracts.

The unknown antigen was then tested with the various
antisera-~anti-~cow, anti-moose, anti-sheep and anti=decr.

The known antigenssy=beei, moose, deer and sheep~-~were each
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run against the four antisera also, in order to provide a
means of comparison in the results. If the four antisera
used were all of the same strength, naturally the antigen
would give the most precipitate with its howologous anti-
serum. As it is, the cow and the deer antisera were tihe
only ones that were really strong enough. In these two
cases, when mixed with the homologous antigen the precipi-
tate from the homologous antiserum was much greater than
that from heterclogous antisera. The moose and sheep
antisera, however, being weak, presented a different prob-
lem. Due to group precipitation in closely related species
being so powerful, an antigen will give more precipitate
when mixed with a very strong heterclogous antlserum, than
with its homologous antiserum, if the homologous antiserum
is weak. The following test will bring out these polints
clearly:

Table T

.35 antigen )
el aﬂtlse um 3 were used in this test
<15 szaline )

Antigens Anti-cow Anti-moose| anti-deer Anti-sheep
serum serum serum serun
i 3
Amt. of ldmbt. of Amt. of Amt. of
Precip. | Precip. Precio, Freclio.
Test 1 .C87 cc | 007 cc .0l% cc 004 cc
Beel
Test 2 027 . D02 » 012 Trace
Tecst 1 - UL [ale) ] .02 . 004
Woose
Test 21.004 e .01 003
Test 1 009 . 009 . 033 L 004
Deer
__________ Test 2 .CO7 LO0Z 025 ele) o
Test 1 .0LE . 005 .C0l4 .Gl
beg cep
Test 2 .0L2 Trace LOLE L 00T
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Test with

35 cc
.1 Ccc
.13 cc

1

antisera~=-Cow

Antigen

Sheep l4ntisera--Cow loose
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4

The moose antigen given almost as much precipitate
with anti-cow serum as wiih anti-moose, and more precipitate
with anti-deer serum.

The sheep antigen gives more precipitate with both

enti-cow serum and anti-deer serum than with anti-sheep

SelUll.

Comment
As the question stands now it is only possible to
distinguish beef and deer antigens. But if the mocose and
sheep anti-sers were made just as strong it is probable
that it would be possible to distinguish moose and sheep
antigens also. These antisera could be stored in the dry
form (driedAin vacuo ) and used when necessary. However,
the strength of the antisera is depleted by long-storing

so that a time-limit would have 10 be set.

Summary

1. Progressively decreasing the antiserum in the tests
progressively increased their specificity.

2. To aveid trouble with differences between sero=-
precipiting and musculo=-precipiting in this type of werk,
musculo-precipitineg should be dealt with éntirely. In
other words, it would be expedient to use only meat-extracts
for injectioﬁ into rabbits in the preparation of antiserum.
3. In tests with the wvarious antisera only beel and
deer antigens can be differentiated from each other and
from the other antigens due to the strength of the anti-cow

end anti-deer sera.
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4, It ie impossible to differentiste clearly moose

and sheep antigens from each cther and from the other anti-

gens when tested by the various antisers. This is due o
o o

[

i

the fact thal group=-precipitation in these closely related

i

cpecies is so powerful that an antigen will give more pre-

!

cipitate when mixed with & very stroag heterologous anti-
serum than with its homologous antiserum=-1if the latter is
weak, as it was 1in the case of anti-moose and eanti-sheep
sera.

5. It is probable that if the anti-moose serum and

¢p serum were as strong s the anti-cow and

]

the anti-sh

&3

anti~deer sera it woula be possible to identiiy unknown
extracts of sheep and moose, as it is now possible to do

with deer and cow.
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