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alternate freezing and thawing, by the serum from the
blood of another animal, electricity, and numerous other
methods.

IsoToxNiCc SoLvTIiOoxNs, as applied to the blood, refer to
liquids containing soluble substances with an attraction
for water, in quantities sufficient to prevent the imbibi-
tion of water by the red corpuscles. The liquid must be
concentrated enc 1 to prevent the absorption
of water by the corpuscle. A certain amount
of water exists normally in the corpuscle. If
the concentration of the surrounding liquid is
diminished this equilibrium is disturbed and
water j s into the corpuscle; enough water
may pass into it to cause swelling and ultimately
the discharge of the h@emoglobin, thus yrwimmw‘
laky blood.

A solution containing a lesser percentage of
salt or other soluble substance than suffices to
keep the heemoglobin is kwm n as “ hypisotonic ”;
while a solution conts z :
of salt tlmu will ])T(-—l‘\(‘ the equilibrium
known as “hyperisotoni The essential fact is
alteration of the permeability of the corpuscle either
by the solution or mechanically, so that the hemoglobi
or one or more of its constituents, diffuses itself into the
surrounding fluid.

In isotonic solutions the concentration varies accord-
ing to the substance used. Thus a solution of sodium
chloride from 0.64 to 0.9 per cent., or of sugs 5
cent., or of potassium nitrate 1.09 per cent., is i >
to the corpuscles, or, at least, the latter do not imbibe
water sufficient to cause them to discharge their h®emo-
globin. The isotonic relations of certain substances
have been gquite well worked out for the red blood cor-
puscles; but it seems reasonable that the other cells of
the body have likewise an isotonic relationship with
fiuids coming in contact with them ; and speaking gener-
ally, it may be said that normal blood and lymph ¢
isotonic to the various tissue elements, and must be kept
80 in order to avoid pathological condit

WaITE BLOOD CORPUSCLES OR
elements were discovered by Hewson in 1770. hey @
uncolored bodies pos ng the power of ;‘nnf}fi'mnl move-

5 2

al Hum:m Blood. X<

H F. Miiller.
, small mo
. leucoeyte v

ment, are often of a spherical form, and are sl
larger but much less numerous than the red corpuscles.
The investigations of Ehrlich, £ o
shown that there are at least three erent forms
leucocytes present in the blood, corresponding, perhaj
to three stages in their development: (1) A \m.nll spheri-
cal cell, with scanty 1)1:_1[;_.|;L:nm and a relatively lar
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nucleus, ameeboid movement very doubtful. They
called lymphocytes because they resemble the leuco
found in lymph glands and are supposed to be bre

into the blood through the lymph. (2) Mononucleated
leucoc; . They possess a greater amount of cyto-
plasm, are of a finely granular character, and have some
power of ameboid movement. (3) Polynucleated or

polymorphous leucocytes. They are large, irregular in
form, fin cranular, and possess a 1rw!-’i1 te 1cleus or
as many as four separate nuclei. They have Y pro-
nounced amoeboid movements, and form .dwm 70 to 75
per cent. of the white corpuscles.
chu classifications have been made, based upon
ure and reaction C I
Y into three
the size and the staining of the
cytoplasm. The oxyphliles or eosi
are those leucocytes in which the
with acid aniline dyes—i.e., where the
the dye acts as the 1in
The basophiles are those in
only with basic dyes (dahlia,
neutrophiles are those in wi
with neutral dyes (picrate of rosani ;
by Kanthack d Hardy es that
granules of Ehrlich are in 1 ]
human blood they find the 3
(neutrophile and amphophile cells of Ehrl nh 'I:.LL-- 1
60 to 80 per cent. of the whole number of leucocytes,
the ly mpnm ytes (and hyaline i
20 to 30 per cent., and the coa
cells (eosinophile cells of Ehrlich)
but these proportions are far from const:
Ehrlich’s classi n is perhaps
pathologic : * normal ¢
It is said that the eosinophiles
relatively few in n yrmal blood.
occur in the lnﬂ\mlu leated cells.

uksey . The

sue corpuscle
helium: they are
1 nmation oc
; Is found outside the vessels in
ations exhibit a neutrophile 1 ion. Neutro-
P >hile 1ules are not found in the ocytes nor in
the mononuclear ce It is questionable if such a

ification even f« patholc cal ¢ tions is wholly
sfactory, since no definite fi - the granules
yet been established, and it is 1 undetermined

specific granules are permanent or te

r structures.
deed a question if the different forms of leuco-
cytes are distinct histological elements having independ-
origins :m-l different functions, or whether they do
ifter all, represent different stages in the development
of a single l\'nri of cell, the lymphocytes representing an
early and the polynuc leated leucocytes the last stage.

Specifie Gravity.—Leucocytes have a iter specific
“11\11\ than the red corpuscles, as is shown when the
blood clots slowly, as it does normally in some animals,
.g., the horse. The red corpuscles, on account of their
greater density, sink to the bottom, while the leucoc ytes,

being much lighter, form the upper portion of the clot
Number.—The leucocytes average about 1 for every 500
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of the red corpuscles, or 10,000 per cubic millimetre in man
and 9,000 per cubic millimetre in woman. The number
will vary under different conditions. They are increased
after digestion, hemorrhages, pregnancy, in diseases in
which suppuration occurs, and in leucocythsmia, in
which disease they may equal even the red corpuscles.

(nml ons which diminish the number of leucocytes

ing, old age, and the action of certain medicines.

vtes are more numerous in the capillaries and

veins of the spleen, liver, glands, and intestinal mucosa

than in the corresponding vessels of the skin, muscles,

and general cellular tissue. ucocytes are also more

numerous in the blood of the newly born—about 19,000
per cubic millimetre (Hayem).

The chemical constituents of leucocytes are variable
and difficult to analyze with accuracy. Lilienfeld, who
has carried on inve tions along this line, gives the
following quantitative composition:

Wa
Solids ......

Proteid .
n

Pus cells are leucocytes which show a considerable
amount of fatty degeneration and are generally dead.
Funetions.—The nctions of leucocytes are various;
some theories formerly accepted are now advanced with
doubt, among which may be mentioned the assistance
supposed to be rendered in the absorption of peptones
and fat Recent and careful experiments point toward
the intestinal epithelial cells as the important factor in
this process. Peptones appear to be converted into co-
agulable albumin during llsmr P age through the epi-
t , 4s prac is found in the blood
orchyle. Ithas likewise been quln satisfac ly demon-
strated that by far the greater amount of fat is likewise
taken up by
the epithelium
a 10. but little,
. by the

]m_n [-

are an

loubted

in the
coagulation

blood. Fur-

ther details

will be discuss-

ed underCoag-

ulation.

One of the
most peculiar
properties of
leucocytes is
their power of
independent
movement, in
virt f which
they are often
called *“wan-
dering ¥ cells.

The red corpusclesre- A leucocyte
n of the blood stream. mav be con-
al the wall _ . = el
(After Sidered in
L !'Uﬂ':' some \\';’i‘\'y as

formed of unmodified protoplasm, wholly

and potentially equivalent to a unicellular animal, -
an ameba. Movement is accomplished by the pu-hm
out of a portion of the cell substance to form a pseudo-
podium; this may be retracted, and other pse udopodia
formed, and in s way the corpuscle may move or

“flow ” from place to place, and envelop or ingest such
particles as come in its way. This form of motion was
first noticed in the amaba, and is therefore called amce-
boid in the leucocyte. n a certain sense body corpuscles
would be a mor: appropriate term than leucocytes; for
they or similar cells are found in many locations and
wander everywhere in the spaces of the connective tissue.
They pass into the

blood - vessels with

the lymph, and p

out of them again in

virtue of their power

of ama

ment.

¥. but is
increased
i atho-
itions.
=non of
IIll‘rI‘LlUlhl is known
as nlld[.\cv.lf: is (discov-
ered in 1846 by Wal-
ler). and is especially
prominent when a
vascular part is irri-
tated, causing dilata- i 1 in Which the
ton and congestion  Gurent has Xeaty Cometo 8 Sundeli
el. The
3 then be-
gin to adhere to rhz» wall; -y accumulate and finally
betiwceen the endothelial cells of
Iht- capillaries (—"nli“lﬂiiﬁu they may wander
¥, OT bt—(nn
or they may ;'u_'L{.lﬂ!lLth: I
Red corpuscles are also sometimes s o pass through
the walls. Leucocytes may, hc e lay another
part, namely, the repair injured tissues. A clean
healthy wound is soon covered with a layer of lIymph,
which is largel) omposed of white
repair progresses in a healthy manner the
may become organized and assist in the deve n]nm nt of
connective tissue, forming the cicatrix by which the
wound is closed. =
Certain ameeboid cells of the bloo 'mph, a
pulp are able to ingest or up”
u'hir-h [h-w ms ome in contact. This proc: is known
. and the cells are therefore known as
term, however, does not include all
nor does it exclude all other cells, as some
the endothelial cells of blood-
properties by being able to send out
1—.1._»r|_)1_=!‘;~n11l~ processes, while, on the other hand, the
small immobile lymphoeyte is not a pl cyte. Al-
though the phenomenon of phagocytosis has not as
vet as exact a phy 1 c: alue as so other proc-
s, there is little doubt but that it ¥s an impor-
tant role in the defence of the o is 3 de in-
vaders, as, for example, pathog bacteria, e This
;U'_";'inll of the phagocytes is of very gr inte t and
importance. Metschnikoff, from his inv igation upon
the lower as well as the higher organisms, has added
much useful information to ence. He found that in
some instances the leucocytes were victorious over the
invaders, the latter being ingested and destroyed. Im
other cases the invaders w : soning,
akening, n\"l‘pn\\u'ln r ]n\ numbers and ulti
m:ﬂeh destroying the leucocyte Metschnikoff sup-
rosed that the immunity to ce diseases, possessed
normally by some animals and conferred on others by
ccination with certain protective substances, is due
rgely to the sucecess of the phagocytes in the fight
with the bac . More recent investigations show that
Metschnikoff’s phagocytic theory of immunity requires
some modification, at least for man and the higk ani-
mals, although some of the observations upon which his
theory was built still retain their value. He concluded
that in order to confer immunity, the leucocytes under-
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went cmmin changes and acquir < f “education”

which

were pn-‘ wu:«l_\ helpl

led them to fig 1111 bacteri st which they
It seems in the light of the

mer shape. (,\f[i’l'l'r:;ig." FIG

(After Craig

Imore recent

tissue after diapedes gone on for som

-)

investigations that the substances which ¢

confer immunity may be present not only in the leuco-

cytes, but i

n other cells as well, and even in the serum

Such substances have the power to destroy, or at least

inhibit, the

growth of bacteria.

Correlated with the question of pha rtosis is the

(‘illcs[inu of
the .uut-n }CY

the ultimate fate of the particles ingested by
tes. This matter has been

Miss E. J. Claypole in amphibia (NVectu

branchus) and by Berry in some of the 1
rabbit, and dog), the latter corroborating i

533.—Smi

wing the
ules during #
wall by the

ammals (rat,
1 all important
respec the state-
ments of the former
A further important
f n of the leu-
rtes, as scaven-
the I\wl\' is
sted Miss
Claypolesays: “Con-
sidering '}w leuco
cytes 3 scavengers
of the animal body
in addition to th

other functions, if

their individual fate
is inseparable from
that of the waste
all Vein of Mesente material which they
armnm‘mvn'ufn.wurm- cont 1, I!u'}' them
sndafter pRCUaon of  selves must become
waste material when

their active funections

cease, and must ultimately disappear from the organism.
In the first place, they wander from the circulation

through the
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tissues to the epidermal and mucous sur-

faces (amphibia), and are carried away with the other
of the body; in the second place, they
n the-spleen by the sple: cells. The

means insi ant.

Maurel takes the view that
leucocytes are merely the int
velopment. He does
not ;u'(wlll the view
that leucocytes mul-
tiply in the blood.

He has seen what he

terms apparent divi
sion of the corj

budding

"\4(1![

connected I:\
most invisible
and later s
reuni

- le leucocyte, evidently correspond-
ing > lymphocyte of other writers. 2. The second
type ¢ 3 of N\'v forms of leucocytes, all of which
are characterized 1 by the power of displacing a large
smaller amount of their substance and possess a
or less degree of mobility. They differ respect to 'L- i
granularity. 3. y rms, one very nular, immo-
bil nd deformed; the other showing beginning signs
of disinte H. i

The above types represent the periods of devel
and decay ; Il-u econd type representing the activ
of the corpusel

In :i-_-u—!'nn'lu.u the effect of temperature upon the
leucocytes of the human blood, Ma 1 found t t
about 25° C. (77° F.) movements as evidenced
placement of their cellular substance were
manifested.  Between 25° and 16° C. these
ments were very feeble, and at 16° they cease
tempe ire, however, was of short durat
ally raised t movements would ur
(57° F.) life disappeared from the corpuscles complete l_\'.

He concludes that

Blood Capz?{az:e/. a temperature of

at least 25° is re-
quired )  cause
satisfactory mov
ments in the cells
1t theabove

l\i‘-' acement
substance is very
From 32
t 39 . the
movements are
aTy marked
m 39° C. (102
F.) to 43° C. (109
) the maximum
degree of activity occurs. Above 44° C. (111° F.) the
life of Iln corpuscle is very quickly menaced, and at 45
), (118° F.) the leucor vte takes on a spherical form and
in a 5|il?!'€ time. The temperature as usually taken
axilla. ete.) is supposed to be one to two degrees lower
than the internal temperature (liver, etc.), so that from
the above figures, the greatest activity of the leuc tes
in the human body takes place at the normal and during
| a febrile state of medium intensity. In animals of dif-

tion --f clear penetrating pro

X .

t from wall Rt Lt
F
I
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ferent species in which the temperature is normally
different from that of man, the variations in the ac-
tivity of the leucoc are correlated with the tempera-
ture of that species of animal.
In addition to studying the power of resistance ex-
hibited by the leucocy with respect to extremes of
Maurel has also investigated their power
i i i 1 chemical a
drugs. As with perature, > leucocytes of dif
1t speci will react diffi - toward the a
tioned. He found th human leucoc
- tive to cocs and very ch so to at
those of the rabbit ere only one-tl
cocaine and not at all to atropine. he leucocytes of the
frog will J.----lh B : t bacteria with im-
punity, wh it and man will not absorb
them, but
' attention to the fact that
3 the 1 F di
vtes, and the er tl
the blood th reater is the de
and he he eli of wuric
-11--}1‘1‘ 1gly inc sed. Ybs itions on
of uric acid harmonize with this theory.
where there is an abnormally large
e elimination of uric acid is gres
which increase the number of
-"n-r:ll. the elimination of
Leucocytes.—It is evide th.u ‘( ucocytes
r in lymph glands, from the f: that
sucl ands is much 7 - in cor-
than the lymph coming to the he
fact that lymph coming to the glands cont:
indicates that, although some of them may g
lymph by diapedesis. other parts are also conce
their produc , €.9., diffuse noid tissu
collections of <
the solitary follicles in the in . and the ~:;»1=
puscle » a small extent the white corpuscles may
multiply the blood by k ﬁki:u-ci The latter
method may perhaps occur more 1y in the so-
called cold-blooded animals than in mammal
The fate of the leucocytes is much less easy
tain than that of the red corpuscles from the
the former contain no such pigment as hsmoglo
other substance that would assist in following the
of their destruction. It is not improbable that some of
the leucocytes underg integration in the blood itself
and that their constituents aid in maintaining a proper
teid equilibrium. It has been shown by the work of
Miss Claypole d of Ln rry thi any c e leucocytes
: undoubtec royed in the n, and it is not at
all unlikely that other localities are also involved in this
process, they are constantly breaki down
certain, for they are constantly In ing ]!hn]ln ml
3L00D PLATELETS OR
(Bizzozero) or heematobl
sometimes irregular bodie I
ous in structure and v i i 0.5 to icrons).
They average ut 3 [ i is ter s are al-
ways smaller than the e 2 i
that they are hsematoblasts or precursors of
puscles is now considere rroneous. Their number in
the blood has been variously estimated from 180,000 to
over 600 mhp per cubic miliimetr Taking 400,000
the av number, they would be
numerous as the lnu:_u: tes and about one-
numerous as the red corpuscles. Althous -h
been a great amount of h]-p-l‘-w]r..l S
platelets, very 1 > is known of thei
chemical composition. It is generally believed tl
are not independent cells. blood they disin-
ite almost inlllluli\liv]}': t prevented their
ry foralong time after riu_- »od had been studied
scopically. To study them, the blood must be
drawn at on into some fixing solution (osmic acid,
etc.). They can be seen, however, in ru}sﬂhn\ b
vessels which have just been removed from anim

VYor. II.—3

which the blood is still fluid and the constituents there-
fore still alive. They have not n found in lymph.
According to Lowit they cons chiefly of a globulin
and play an important part in fibrin f ation (coagu-
lation). Lilienfeld from a chemical stz i nsiders
thﬂr they consist of nucleo-proteid, a D

d from the nuclei of leucocytes.

, some take the >w that the platelets are de-

1 minute

10 mins.

rived from the lei of rucocytes, and that when
the multinuc forms go to s the fragments of
the nuclei rsist for a longer ‘shorter time in the
blood as pls and are entually dissolved in the
plasno The ial function of the platelets. beyond
that of (1.-~:i>'tin_?' n coagulation, still remains to be dis

gulates there separates from

.Hmnm 1ce, which is nearly insoluble.

bstance i . and rema in the clot. If co-

i \\In] ping the blood, the fibrin

the rods of the whip in the form of elastic

ibrin masse These may be washed free

from the adhering corpuscles by using a stream of water.

While wet the fibrin 1 a white, stringy appearance,

later drying into an irregular mass. The threads which

compose fibrin, as seen in a mic copic preparation of

blood, interlace with one another and form a fine net-

work, which entangles the blood corpuscles in its meshes.

have a strong tendency to retrs and explain

a clot shrinks and squeezes out the serum from its
interior.

Fibrin exists in the lymph as well as in the blood.
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The blood of mammals and of amphibia, as shown by
Gage, exhibit an interesting difference in regard to 1_1“".
fineness of the constituent threads. In rht:l og (_\e':.'f'.'ruls
and Cryptobranchus) the threads are relatively very .‘.“}l.‘ 1
finer than those in mammals, requiring careful observa-

Fibrin » Blood of the Frog. a,a’.a’,
: lar mass of fibrin: ¢ ated granules of fibrin ;
formed leucocyte. (After Renaut.)

tion with a one-twelfth-inch oil-immersion objective.
very interesting and important fact has been brou
out in connection with the formation of ibrin in am-
phibians and birds. Semmer has shown that after the
usual amount of fibrin has formed in the blood from

8.—Fibrin Network from t Blood of ,\lzn;.
points formed by s of rin. (After Rer

, additional fibrin is formed by the addition of ¢
solution of sodium or magnesium sulphate. After all of
n removed in the customary way ai

eliminated a as possible by w

pir blood and pot the serum and w

corpuscles, when the salt solution was added addit
fibrin appeared. which see
the original fibrin. Expe
the same way upon the of mammals failed in
instance to dev any extra fibrin, from
it is concluded that the additional fibrin, in
the cases cited, was due to certain substances con-
tained in the nucleated red corpuscles, these sub-
stances having been liberated by the solvent action
of the salt. A probable explanation of this phenom-
enon would seem to be that in all nucleated red
corpuscles nucleo-profeid material is present; in non-
nucleated corpuscles this material is absent or very
slight in amount. As the nucleo-proteids are believed
to be essential in causing the blood to_clot (see under
Coagulation), we can readily understand that the addi-
tional supply of nucleo-proteid set free from the dis-
integrated nucleated red corpuscles could assist in the
formation of more fibrin. Since the non-nucleated cor-
puscles contain none or an insufficient amount of the
nucleo-proteid material, no additional clotting or fibrin
was formed. It would seem that I]_ns question of the
presence or absence of nucleo-proteids in the red cor-
puscles is an important one in explaining some of the
differences that exist in coagulation and fibrin formation
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in the mammals on the one side and the birds and am-
phibia on the other. : :

Fibrin is insoluble in water, alcohol, f‘“'l th_l_ It e
pands in 0.1 per cent. hydrochlorie ;u“J.E. also in 0.1 per
cent. caustic potash or s wa, toa g -1;1111:-1:}-: mass, which
after several days will dissolve at the ul'thn.:ln'y tempera-
ture: it will dissolve more readily but still \]n\.\'i.\'.ut
body temperature. Fibrin is also slowly soluble in five
to ten per-cent. solutions of (--71‘1:1111;-:1]1.\ '?\H'h as sodium
chloride, sodium sulphate, potassium nitrate, magne-
sium sulphate, ammonium sulphate, also in In!l‘;*ll'\‘:lllli
in solutions of ur It is said that the fibrin obtained
from venous blood is slightly more soluble in salt solu-
tions than that obtained from arterial blood.

Blood vields from 0.2 to 0.4 per cent. of its weight of
dry fibrin (Schiifer). Bt

For the eleme ary composition of fibrin, Hammarsten
gives the following:

The way in which fibrin is f and certain other
'Ilhv-!w!nv-‘.l.:l will be discussed u - Coagulation
~ PrasmA AXD SErRUM. —Itiscon nt to describe these
-:omponents of the blood together, for, with the ex-
on of ¢ in proteids or fibrin factors present in 1‘111_‘
plasma, the remaining constituents are identi al with
those in serum. The relationship of the different parts
of the blood to each other may be conveniently shown
as follows:
Li g blood = plasma -} corpuscles.
Dead blood = clot 4+ serum
clot = corpuscles +
serum
plasms :
Plasma con 1 . of solids, the red
corpuscles Aesieh 2
Plasma may 1 I om the corpuscles in vari-
ous ways. A common method is to collect the blood in
a receptacle s 1 ice. Cold retards coagula-
tion so that the ¢ at the
b ym of the j ving the clear plasma entirely sepa-
rated. Another method is by the use of the h&ematocrit,
e ealizing, et the m-r'.w:»r]---' accumulate
almost solid n d the volume n be read d
The average percentage of corpuscles in human blood, as
ob ied by various me Is, is 48 per cent. for males,
very nearly e-half of the ent amount of blood; in
females it i nt., and in children from six to
45 per cent
lation may be ¢
in substances to the blood, among which

elayved by the

=

a, Tubes have lens fro agni-
About half act . Percent-

are neutral salts, If the blood flowing from a cut artery
is allowed to mix with an equal volume of a saturated

solution of sodium sulphate, or with a ten-per-cent. solu-
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tion of sodium chloride, er with one-third of its bulk of
a saturated solution of magnesium sul
will be prevented and the corpusecl
the plasma diluted with the salt solution (salted pls
clear. If, however, the above solutions are diluted with
a sufficient amount of water, coagulation will usually
occur.
Ozxalate plasma is obtained by the addition of pot
or sodium oxalate to the blood; these salts combine with
the calcium of the blood forming the insoluble calcium
oxalate. The corpuscles and plasma separate as previ-
ously de ibed and coagulation is p ented. If, how-
ever, more calcium be added to the mixture, coagulation
occurs. The importance of the presence of calcium salts
in the process of culation will be referred to later on.
Gases.—The gases present in the plasma have not been
altogether factorily investigated. They are prob-
ably not very different from those in the serum. Ac-
cordir unge, in the dog they consist of from 43
to 57 volumes of carbonic anhydride, 2.25 of nitrogen,
and 0.25 of oxygen. The oxygen and nitrogen are prob-
ably simply in solution in the plasma, the carbonic an-
hydride for the most part being in chemical combination
with sodium as the carbon and bicarbonate. The
<aline phosphates also exist in combination. In the
rpuscles, where they are present in considerable gquan-
y may pl an important part in fixi the CO..
Chemical Analysis of Plasma.—The aver: of three
analyses of the plasma from the horse, made by Ham-
marsten, is given below, 1,000 parts having been used.
An analysis by Hoppe-Seyler, also of the horse, is given
for comparison.

Hoppe-Sevler. Hammarsten.

Inorganic Substances in Plasma.—Plasma consists of
about ninety per cent. of water, the inorganic salts occur-
ring to the extent of about 0.8 per cent. prineipal
salt is the chloride of sodium. Carbonate of sodium is
probably the next most abundant salt, and it is to this sal¢
chiefly that the plasma owes its alkalinity and its power
of absorbing carbonic acid. In addition to the small
amounts of the following salts appear to be present:
chloride of potassium, sulphate of potassium, phosphate
of calcium, phosphate of sodium, and phosphate of mag-

and probably chloride of calcium. g

Organie Constituents.—For convenience these may be
divided into proteids (serum albumin, etc.) and non-pro-
teids, and the latter again divided into nitro
( in, etc.) and non-nitrogenous (dextr ete.).

teids.—The proteids of plasma are: one or mor

¥ allied albumins (serum albumins); two globulins,
namely, serum globulin and fibrinogen : a nucleo-proteid
or nucleo-proteids. Blood normally contains neither
albumose nor peptc The albumins of plasma -
also found in the serum after the blood has coagulated,
and from this fact they have doubtless received the name
of serum albumins. According to its susceptibility to
heat coagulation, Halliburton has shown that there are
in n ty three kinds of albumin: e-albumin coagulating
at 72 to " C.; B-albuminat 77 to 78° C.: and y-albumin
at 83 to 86° C. In the plasma of hors px, and sheep
blood, the ¢-albumin is absent, the other two are present
in man and all other mammals and birds investigated
by Halliburton, all three were found present. In the rep-
tiles, amphibia, and fishes examined only the e-albumin
was found.

The globulins of plasma consist of serum globulin and

fibrinogen. Serum globulin (paraglobulin, Kihne;
fibrino-plastic substance, A Schmidt) coagulates at a
temperature of 75° C. This degree of coagulation is
almost constant for the animals examined. According
to Hammarsten the percentage of the globulins in the
plasma of man is 3.10 per cent.; in the horse 4.56 per
cent. ; in the ox 4.17 per cent.

The 1104 is the substance which is re
for the called spontaneous coagulability of the |
It is pre itate rom plasma along with serum globulin
by saturation with magnesium sulphate or sodium chlo-
ride. This precipitate forms the plasmine of Denis, and
on being dissolved in a more dilute solution of
coagulation. As a result of numer
seems likely that fibrinogen is not a simple substance,
but is probably either a mixture or a loose combination
of three substances: (1) fibrinogen proper, co: gulating
at 56° C; (?) fibrino-globulin (Hammarsten), coagulating
at 65° C.; a nucleo-proteid.

Mathew arecent article on the origin of fibrinogen,
concurs with Hoffmeister in the view that leucocytes are
concerned in proteid digestion, basing the evidence chiefly
on the fact that the blood proteids remain practically
constant, even during ing. Under the latter condi-
tion the proteid material derived from the wasting
tissues and the leucocytes are considered as carriers of
the proteid to the blood, in a way analogous to that seen
in the phagocyt during the removal and assimilation
of the wasting tissues of the tadp

His experiments also confirm those of Bizzozero and
Dastre, that by successive bleedings, defibrinations, and
reinjections the fibrinogen may be completely removed
from the blood of dogs and cats. The lack of fibrinogen
appeared to cause no serious or characteristic symptoms.
After the withdrawal of the fibrinogen, in the manner
above described, it redeveloped in the body with con-
siderable rapidity, reaching its normal amount in two or
three days; it sometimes developed to more than the
normal amount. The rede ypment of the fibrino
took place normally in the absence of the spleen, p
creas, kidneys, and reproductive organs. Experiments
also showed that the muscles apparently had no influence
upon the production of fibrinogen. On the other hand,
the fibrinogen is not redeveloped (or at a greatly reduced
rate) if the small and large intestines be removed. The
conclusion is that the intestinal area more than anv other
part of the body is concerned in the formation of fibrino-
gen. The blood of the mesenteric vein is consts

r in fibrinogen than arterial blood,

nous blood is poorer in fibrinogen than arterial. -
yond the fact that nucleo-proteid is present in the plasma
and that it seems to be an important factor in the de-
velopment of fibrin, very little is known of it. It is
supposed to be confined to the ]1‘11(‘”('}'{1-4 and platelets,
and possibly there isa trace of it in the red corpuscles
(mammals), which escapes when the blood is shed. The
principal reasons for this belief are that there is known
to be a considerable amount of nucleo-proteid in lenco-
c nd similar cells (lymph, thymus, et In plasma

the corpuscles c precipitated, more
eo-proteid is obtaine 1e lower layers of the
asma where the leucoc are most abundant, and
t from the upper la where the leucocytes
arce.  Again, the pericardial, hydroce :
fluids frequently contain no leucocytes. When this is
the case no nucleo-proteid 2nt, and there is no co-
agulation although the fluids contain fibrinogen.

Nitrogenous Substances Not Proteids—The most im-
portant of th are urea (0.02 to 0.05 per cent.)., krea-

1, kreatinin, and uric acid. According to Gréhant and
Quinquand, the quantity of urea in the blood takem
from the splenic, portal, and hepatic veins is s
greater than that taken from the earotid artery.
is also said to occur in plasma. Jecorin is sai
constant constituent of the plasma. It is a substance
which reduces Fehling’s solution and is soluble in ether,

* American Journal of Physiology, vol. iii., 1899,
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only as may be employed at the bedside, the reader is re-
ferred for full information upon the more l'l_unl-‘hl:ﬁlwl
tests and apparatus for detecting blood stains to the
article Blood Stains.]
V1. Dried Specimen of Blood. k : TN
1. Apparatus and technique employed in taking
dried specimen of blood. et
Apparatus and technique employed in fixing
dried specimen of blood.
The dyes employed for staining the blood.
technique employed in staining the blood.
ulz of blood stains. _
F all blood cells and their staining pecu-
liarities. dElS :
VII. Table Showing All the Information U-‘ffrwuf"f by the
Use of the Instruments Deseribed in this Article.
VIII. A Chart for Making Full Report upon the Blood.
[Nore.—The tables which conclude this _z'u'tu'lr are not
intended to be complete explanations of the diseases

4

ausch

Astru
front vie

the mentioned. They are, however, accurate

srence for all blood changes i se diseases, J
full instruction upon the following not included in th
article the reader is referred to other articles in_this
HaxpBOOK, such as those on An@emia, Leucocytosis, Blood
Stains (Medieo-Legal Consideration), Histological Tech-
nigque, Malaria, Typhoid Fever, etc.]

I. FrEsHE-BLOOD SPECIMEN.

In preparing the blood for microscopic examination,
however so careful the technique employed, the oper
ator is subjecting one of the most delicate tissues of
the body to very rough and unnatural surroundings.
When one realizes the exquisite smoothness of the in-
tima of the blood-vessels, the wonderfully regulated
temperature of the body, the delicate structure of the
red cell, the even more delicate structure of the plate
which without most careful preservation is entirely de-
stroved a few seconds after exposure to the air—when
one realizes all these factors against observation of the
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blood as it appears in the circulation, it is a surprise that
any technique is delicate l'll'\il:.:]l. This I'n-ulhz:\tmn‘;lt
the same time emphasizes the importance of observing
every precaution which experience has .~.11-':\\'11 to _IJL-
necessary in the preparation of the blood specimen which
shall be, outside of the body, as nearly as possible repre-
sentative of the blood as it appears in the circulation.
" The object then of apparatus and technigue is to pro-
duce surroundings as nearly like those normal to the
blood in ecirculation as possible. To accomplish this we
must observe the following: (1) Absolute cleanliness and
freedom from moisture (2) avoid chilling the blood;
(3) avoid exposure to air; (4) avoid rough treatment of
the drops and consequently of the constituents thereof—
puscles. : 3
Cover Slip.—. \bsolute C'leanliness. 'The cover slip
should be the thinnest made and square in shape (Bausch
and Lomb, No. 1, % in. (see Fig. 540, 1). The thicker cover
slips are often too thick for the focus of the one-
immersion, lens, d not
ntly specimens from inter-
ine cases at a distance from
aboratory and received by
cannot be examined accu
rately owing to this annoying
condition. It is a good rule
those engs: 1 in blood
to have the thicker
s under any circums-
stance
The Slide.
son the thin s
red (see T
jars, one conta
fi urine wo
blood ¥ rk,
nient arrang
These cover slips a
11d be kept in fifty 3
1. When to be used they
> rubbed with a bit of

te fre f any

dust and then

. last 1 be done

- by pouring a little ether

the glass and rubbing

or by heat gently

ame. The ¢ d slip

should now laid

upon a sheet of clean paper.
The following instruments, as
fi recommended by W. S.
the Johns Hopkins

will be found es-

he elamp forceps are SO

made th » extreme tips of the limbs meet before any
other portion, 1 3 enables one to take a small but

firm grasp cover slip (see Fig. 540, 4, ). The
clamp, moreover, enables the operator to give his
whole attention to following the technigque, as given
below, without being diverted by keeping a grasp
on the cover slips. By placing the cover slip in the
clamp forceps it can be kept free from dust and moisture
from the fingers and will be ready for use. 5

The lobe of the ear is by far the best locality for
puncture. For the following reasons: (1) Less sensi-
tive; (2) the act of puncture and the blood are not seen
by the patient, important with nervous people and chil-
dren; (3) pressure, if necessary, is more readily exerted
and produces better results; (4) the skin in this locality
is softer and cleaner; (5) there is less likelihood of sub-
sequent infection.

The lobe of the ear is then gently wiped (not rubbed, as
this produces hypersemia) with a silk rag moistened in
alcohol and the skin is then dried with ether. If etheris
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not to be had, it is better either to dilute the alcohol three
or four times or to use distilled water. Alcohol if left
on the skin hardens the blood and so injures the speci-
men.

The Sticker.—The sticker is now employed (see Fig.
540, 3). This is extremely sharp and is diamond shaped
on cross section; the object being to produce a similarly
shaped w d, and therefore one which will the more

dily b . A surgical needle may be used, but an
ordinary needle or pin is very unsatisfactory. If, how-
ever, one or the other of the latter is all that can be ob-
tained, it should be boiled. When cleanlix is observed,
it is only necessary to dip the end of the sticker into alco-
hol before and after making the punecture.

The most dependent portion of the lobe of the ear
now punctured by a stabbing motion, the sticker being
held as in illustration (Fig. 541). The first drop is wiped

the second allowed to flow, i ible, without

ure being made upon the skin. ssure be neces-

1ould be exerted far away from point of pune-

, so that this artificial means shall not alter the char-
acter of the drop taken for examination.

Avroid Ckilling the Blood. It must be remembered that
the blood is being submitted to a lower temperature than
normal in this proceeding, and in order to argic
the blood it is a 1 plan to warm the slide and
slip over a spirit lamp, or to have another person briskly
rub the slide with a bit of silk.

The clamp forceps holding the cover slip (see Fig. 540, |

> of Making Puncture for Fresh and Dried Speci-
1oo« how ition of bands and wrist just as puncture
0 be made

4) are now brought toward the ear, and the under sur-
face of the cover slip—and therefore that free from dust
—is made to touch the of the drop of blood, not
the skin of the ear (F The cover slip is at once
carried to the warmed ntly lowered.

Aroid Rough TTreatn . > cover slip should not
be dropped on the slide. > side of the cover slip should
be rested on the slide and gently lowered until the limb
of the forceps touches the slide. The forceps are then
opened and by a quick jerk drawn away (see Fig. 543).

id Erposure {o Air. It must be remembered also
that the air is a destructive medium to the blood, and the
time occupied for these steps must be as brief as possible.

The cove cimen spreads

st part circular
with fine spicules at the periphery of the circle. The
drop should not be so large as to reach the margin of the
cover slip when on the slide.

This technigue may be summarized as follows:

1. Apparatu Thin slide, square thin cover slip,
sticker and clamp forceps. Alecohol. ether, spirit lamp,
silk cloth.

2. Absolutely clean point of puncture and apparatus.

—Method of Tak f Bl Fresh and
ens of Blood. She 3 1d 5 11
hands, and the 3

3. SBeize cover slip in clamp forceps and place near at
hand.
4. Light puncture of the most dependent portion of
lobe of ear.
5. Warm slide and cover slip gently over spirit lamp;
or have another person rub slide briskly with silk cloth.
6. Wipe away drop from point of puneture. (If p <=
ure is required, exert it far away from point of punecture.)
7. Touch apex of drop with under sur-
face and centre of cover slip.
8. Place cover slip promptly but gently
on slide. :

FI16. 543.—Correct Position of Hand in Holding Clamp Foroeps.
_Cs. ver slip resting on slide. The illustration represents the position
just before the forceps are opened and jerked away.

Characteristics of a Good Fresh- Blood Specimen.— Gross :
1. Blood does not reach margin of cover slip. 2. Is of
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