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nifving from 1,150 to 2,300 diameters. In the following
table the measurements of Treadwell and Wormley are

compared with the measurements made by Gulliver

twenty-five vears ago, and published by him in the
“ Proceedir of the Zoological Society of London
in 18

AVERAGE SIZE OF RED BLOOD CORPUSCLES, IN FRACTIONS
: AN INCH.

- By Gulliver. | By Wormley. |[By T

1 ok b o o e e o

R
Elephant
Lex i

1-5353

1-7982

Camel
;1-'1“f.‘<' R 1-3918

GULLIVER. WORMLEY,

Length. | Breadth. Length. | Bread

1-2102 346 1-2080

1-21 1-3588 1-1894
1-1955

1-1089

Lz ;|w1" g
Nucleus.. .

From these tables it is clearly shown hat a careful

microscopist would not be likely to mistake the blood of

»at, sheep, horse, ox, or pig for the blood of a human

or that of sny animal having blood corpuscles

with an aver diameter less than %5 of an inch or
0.0063 mm. (6.3 microns). S = :

Concerning the possibility of distinguishing the blood
of a dog from that of man, medical experts are In nowise
acreed. a few contending that they can distinguish a re-
cent stain of the blood of a dog from the blood of m:
and they have successfully zu'i'_nIn'E'I‘.-hL-il the task when

o the crucial test of experiment. S
PU’;]EV lr'}ilh' Col. J. J. \\-nm]}\;u'wl. M.D., when testifying
as an expert in the Hayden trial, at New Haven, Conn.,
in 1879, stated that he had measured twenty corpuscles
from a young dog, forty from another, -.md fifty lrnm1 a
third, in which he found the av s of the corpuscles
measured from each one of those rger than the
recognized average size of human blood corpuscles. _‘I_n

rd to the measurements Dr. Woodward stated in
his cross-examination, by the state: “I looked to find lng
corpuscles and I knew that the group around them would be
large.” The same expert has published measurements of
the blood of other dogs so large that he in srred that
there is no safety in attempting to state ]u_mlt]\'riy that a
oiven stain is the blood of man and that it could not be
the blood of a dog : )

L. Perier has shown that the blood of new-born in-
fants often contains giant corpuscles similar to the large
non-nucleated corpuscles of the human embryo, and
states that until recently these have not been considered
as true red corpuscles.

He also states that se giant corpuscles have a ten-
dency to collect together, and that in estimating average
measurements it is important to examine all parts of the
slide on which the blood is spread. L. Perier also says
that he finds in the blood of infants many ;r_"}ul‘{nhnf
nearly spherical, only about half the diameter of ordinary
blood discs. If these globulins are not Ind ded in the
measurement it will be easy to obtain large averages for
the blood of infants. : :

Dr. R. U. Piper, of Chicago, finds that the blood cor-
puscles of new-born infants retain much of the cha acter
of pre-natal blood, and ‘e an average L]‘V:L'El'll‘ll'l' larger
than that of the bl E s. Healso finds the blood
of young puppies giving a larger average lll:‘ﬂlll'T(-l' than
that of the blood of adult dogs, but these facts do not
disparage the value of the microscope as a means of {ll_-v
tinguishing the blood of man from that of full-grown
dogs, especially if we can obtain for x_-n-!n]mn.-n;s]l authen-

ic specimens of the blood of the p;n‘n(‘lﬂ:ll‘ man nm} n.lun_r
with which a given blood stain is to be compared In a
given case.
‘—‘DI‘. Thad. S. Up de Graff (in e Microscope, October,
1883) states that the r blood corpuscle of the dog re-
sists the action of water and ruptures less readily than
does the red corpuscle of human blood, because, as Iu:
thinks. the cell wall or border is thicker in the blood of
the dog than it is in human blood. : :

By a careful study of the micrometric data from which
the table of measurements by Dr. Treadwell was caleu-
lated I find as a general rule, to which there are some
exceptions, 1t the blood corpuscles of young animals

have a greater range (as Perier and Hayem have a-rr:m-d\
from the smallest to the largest corpuscle, and a slightly
lareer average diameter, than have those of ¢ iults. This
is shown in the case of a male pig, two weeks old, in
the first table giving the range of two hundred ce srpuscles
for that and other animals. The same is apparently true
of the blood of females as compared with the blood of
males. My own measurements human blood of in-
fants and adults, both male and female, tend to the same
conclusions.
In the measurements given in this table the whole
| of the dark border was measured. The measurements
were orizinally taken and recorded in parts of the

American standard inch, which have been l'l‘lill:'i"'\ (l--

| parts of a millimetre by reckoning 1 inch = 25.40098
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mm. The measurements in the table are
crons, (.001 mm.
To secure a fair average two hundred corpuscles were
often this number was m
[ the same c To show
s should be measured to
1in a fair av of avera i
computed by ter twentie and
the range of averages of two hundreds
separate animals.
lichardson, M.D., of Philadelphia, during the
of the Centennial Exhibition at Philadelphia,
easured one hundr - om each of fourteen
en of different n: , using a o twenty-fifth
inch immer i and a cobweb 1
piece:

ven in mi-

the fourteen hun d corpuscles to be i 3
microns. This is smaller than surement given in
adwell’s table, v 3938 microns.
of opinion among micros-
copists is that the blood of man can be distinguished
with great certainty from the blood of such dome
animals as the pig, ox, horse, sheep, and goat, but few
experts would venture any very positive dis is i
criminal cases between the blood of man and that
dog; though a correct diagnosis has been often given in
experimental cz Over twer 3 ro Dr. Wood-
e measurement of the
s which could not be
nts of human blood.
Professor Wormley, Dr. Richardson, acd Dr. Treadwell
opposed his conclusions and sought opportunity (which
was never given) to examine Dr. Woodward’s specimens
of dog’ssblood. At the famous Hayden trial before the
superior court in New Haven, Conn., in 1879, Dr. Wood-
ward explained his method of obtaining a lar
the blood corpuscles of the dog.
blood from young

geaverage of
1 that he took
, looking over
till he found a collection of large corpuscles which
have a tendency to collect together, he made his measure-
ments from that collection.
Woodward stated that on December 14, 1879, he m
les from a pup four weeks old, a N
1 crossed with a setter, and found the ave
millionths of an inch, or 8.28 of a micron. De
1879, he measured, selected in the same manner, 40
corpuscles from a Scotch terrier and got an average of
320-millionths of an inch, equal to 8.13 microns. From
a Gordon setter full grown he measured 29 corpus
cles and obtained an average of 300-millionths of an inc
equal to 7.62 mic 3 Dr. Woodward, when testi-
fying under oath, said: “I desire to put myself on record
tinctly denying that those measurements of the
dog’s blood would represent what you would be likely
habitually to get if, without picking out young dogs and
without selecting a spot to measure appearing to have
unusually large corpuscles, you were to measure dog
blood. You would then habituall et smaller figur
than T have given here. The average of the corpuscles
of dogs would habitually be smaller than I have given
here, but I have purposely selected for fixed measurements
young dogs, for I knew they had bigger corpuscles, and,
in the second place, in taking an old dog, I purposel
ected a place on the slide where, to my trained
aw there was a group of big corpuscl My r
doing this is to show that if you pick up a half-dozen
corpuscles by chance, you may chance on the
things. But I have nowhere stated that the avera:
the dog is as large as for man; on the contrary, I would
like to read my expressstatement from my printed utter-
ance, that the general average for the do 0
number of measurements, will be less than for a great
number of men.” Dr. Woodward appeared to contend
that in examining blood stains you might chance to t
a small speck of dried blood, from a dog, having princi-
pally these large corpuscles. Thisargument throws
upon any attempt to distinguish between the blood of

ember 12,

man and that of the dog unless a large number of cor-
puscles have been m ired. In Figs. 619 and 6201 give
¢ of the blood of man and the b 1 of a young
female pug both photographed by me on the same
negative. ey are magnified only 640 diameters in order
to include a considerable number of corpuscles in the
comparison. In this case no attempt was made to select
a place where large corpuscles had : I should
not attempt to distingnish with any d ee of confide
in a criminal case between the blood of man and the blood
of a dog.
As a diffic
animals by microscopic m nent, Dr. Robert Ryburn
( Medico- Legal Journal, 1892, p. 165) says, the
trouble in our invest I ubject lies in the fact
living organisms that are
neated with mathematical
his objection we refer to Pro-
(* Microchemistry of Poi-
SOI . 728): “ In a series of ten spaces ruled on glass
measured by three observers with different instruments
the results did not differ more than s3555 of aninch: and
that two independent series of measurements, with high

o2

Fosal

F1G. 619.—Human Blood. 640. F1G. 620.—Blood of Pug Dog. X
640,

1 corpuscles were abso-
d for the other 4 the

sosos Of an inch.” Still
y reports the measurement
of 7 human blood corpuscles, with powers from 1,150 to

500 diameters, by different microscopes, and by draw-
ing with the camera lucida. The range of aver of
the different measurements was
inch as measured by the camera lucid
the averag being x5z of an inch:; the same 7
Pt m ired by Dr. Richardson, using a cobweb
micrometer, gave a final average of of an inch, differ-
ing from the former average by something less than sz
of an inch. To further show the certainty of determi
ing the exact limits of the border of the corpuscle and
that different experts are likely to obtain the same re-
sults, I would mention that on a slide of human blood,
irregularly spread, and dried so that the corpuscles on
one half of the slide appeared larger than the other half,
Dr. Treadwell measured, with high powers, corpuscles
on one e, showing the larger, and 75 on the side show-
ing the smaller corpuscles. The average of the 150 cor-

s thus measured wa - of an inch. The writer,

using a power of 1,400 diameters and a cobweb microm-
eter, measured 50 corpuscles on one part of the same
slide and 50 on the opposite part of the slide, and found
the average of the 100 to be 3355 of an inch, differing by
only k= of an inch from the results obtained by Dr.

greatest difference w
further, Profe
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Treadwell on the same slide. The above reported results
remove, as I think, all objections attributed to the personal
equation of the observer or the gly»lm_vsn;-d 1L1|11.lt11|<_”[ or
woolly appearance of the border of the blood corpuscle.
Prof. Marshall D. Ewell, M.D., LL.D., an excellent
i scopist, in the Medico-L Journal, Se tember,
ives a report of very careful work in micrometry
1 blood corpuscles. He gives 9.06 mi 3
the average of 100 corpuscles from a boy thi
hours old, and 8.65 microns for another 100,
microns as the average for 200 corpuscles; also the mean
of 300 corpuscles from two puppies two days old as 8.22
microns, and that of 300 from a puppy eight wee
microns. ‘This report sustains the views stated
. that young animals hav rpuscles. Pro-
or Ewell shows by measur f his own bloo
taken on six different daj
microns (the general aver: . This
shows that for the same individual, while in he 1th, the
. of 100 or more corpuscles remains substantially
constant.
> Professor Ewell further says: 1) There are such
large d epancies between the averages obtained from
the measurement of the fresk blood corpuscles of animals
of the same species, and between the measurements of
the same objects by different observers, asto throw doubt
upon the published results. 3 il
“In the use of the micrometric test no confidence can
be placed in the results, unle the errors of the microm-
eter used, with reference to some authentic standard, are
known. : : :
“There is no advantage in using very high powers in
such investizations.” (By this statement he probably
means that there is no advantage in using powers abov
a one-twelfth inch or a one- nth inch objective as
he has don In this view o fying powers most
microscopists at the preser but when he
claims that measuring rule one-inch, three-
fifth inch, and one-fifth inch objecti as g n.ne'l as with
higher power few experts wol ree with him.)
Many diseases alter the size of red corpuscles;
especially is this so in mierc ey theemia. Fasting dim
ishes both the size and number of the ¢
also in the case of various dr S
In view of the foregoing, according to the' vie
Professor Ewell, if ¢s tmpossible in 1
to say of & y y
than that it is, or is not, the ble F a mammal.

d,
29

nresentt stite -:r' sCi-
.,J“ fresh or dry, more

As the paper by Profe r Ewell te T'l-]:\'
quoted, and as Professor Ewell ."Tl_i\.‘ most_promi-
nent opponent of medical experts on blood staimbs, the
above conclusions will be further examined.
TEYR b d to the micrometric test Professor Ew 5
eriticism does not apply to comparative measurements of
bloo f different animals where the exp sing always

same micrometer, bases his dis sis on_ his ow

measurements aloné. At present, however, it 1S easy for
the expert to obtain micrometers made by T‘I-Llli\il work-
men and carefully rated by comparison with a T
standard. Yet it is a remarkable fact that the measure-
ments of human blood given by Gulliver, 1
Wormley in 1835, }chmidt, in 1848, 4
Medico-Legal Soci 1873 -; Masson in

1 . Hans Schmidt, in 1887 Woodward, in 1875,

; Forn i wde at distant intervals and with-

out comparison by a common st ndard—differ by um_\:
one-half of the difference between the bloo 1 of man and
that of the pig. If Hans Schmidt did not mcasure t_lfn—
dark border of the blood corpuscle it would account for
the small average which he obtained. 75

Another source of difference in measurement 1s In the
mode of obtaining and preparing the blood for measure-
ment. If a string is tied around the finger or the circula-
tion is impeded in any other manner, and the blood is
obtained by pricking with a needle and is tlh-nf]arcm{l’_
upon a slide, the corpuscles, deprived of a portion of
serum. will measure less than if obtained from a cut W ith
a lancet where the circulation is not obstructed

|
|

So also, if the blood is drawn from the prick of a needle
in a warm and dry atmosphere, the corpuscles begin to
contract before they can be spread upon a slip of glass.

“None of these considerations enables us to I'_-;cﬁm-ll\- all
the discrepancies noticed by Professor Ewell in the \\-1'n:
ings of different authors; but the great fact is shown, by
the unanimous consent of all microscopists, so far as we
can ascertain, that less than 3,500 (most writers say less
than 3,300) corpuscles of human blood are I‘(-\[l}]l'\'(l.ll)
measure an inch, when placed side by .-:1_«1(-: while more
than 4,000 corpuscles of the pig are requir d to measure
an inch, and for the horse, ox, cat, sheep, and goat still
more are required. Hence all authors agree that there is
a remarkable difference between the ave e diameter of
the human blood corpuscle and that of any domestic ani-
mal except the dog. X 2 =

Taking the pig as the representative of domestic ani-

use its corpuscles are larger than those of _the

ox, horse, cat, sheep, or goat, the f--llm\'mg,:'-vmr:'ﬂ' n

n the blood of the pig and human blood is very
nificant : 4 A -

T'o determine the extent of the possibility of mistaking
the blood of the pig, ox, horse, sheep, or goat for human
blood. we will examine the table of measurements made
by J. B. Treadwell, M.D., using a one-twenty-fifth inch
objective made by R. B. s, and Jacks repiece
micrometer, made by Tolles, ruled by Profe * Rogers,
and a stage micrometer ruled, tested, and rated by Pro-
fessor R i,

In this table the measurements of 3,000 corpuscles are
siven, 200 having been taken from each of fifteen differ-
ent persons. The measurementsare given maximum and
minimum by tens, by jes, by fifties, by one hun-
dreds, and by two hundre Six hundred corpuscles
from p were measured: 200 from a pig thrée week
old, 200 from one of two months, and 200 from a pig
three months old.

As the corpuscles of the pig have a larger average than
those of the ox, horse, sheep, or goat, we make our com-

parison between the blood of man
three young pigs:

. 6.246
8.045
. 6.169
Microns.
ten from man -
en from tl

This equals 0.
st hundred from
hundred from

Difference. -
This eq £ = YE

We thus see that where only 10 corpuscles are meas-

ured in man, taking the allest average of 10 consecu-
tively measured, this av e for an adult man is one-
sixth larger than the largest average of 10 consecutive
corpuscles measured from a young pig only three weeks
old: while the average of the smallest 100 from man,
taken consecutively, is about one-fifth, larger than
the lar 100 taken from the young pig.

Professor Ewell says: “Drying the blood corpuscles
in a clot multiplies the difficulty of identification. It has
never been proven that dried corpuscles can be restored
to their normal proportions.” :

I would call attention again to the table on p. 84 of
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the present volume, which gives the measurements of
3,000 corpuse of fresh humar blood, including males
and females, of all ages, from infants at birth to the man
of seventy. The measurements are in microns.

Number ¢ 5 Max. ¥
individual = ge. | Min. | 10s.

983
- seg 000 (79104 | 2-
bhuman .... 1.000 1] 9.687 4
§1 3. 2 28 6.069

3 young pigs . 600 6,101 - 8,39 6 141

Here we see that the average of 1,000 corpuscles re-
ed and measured from stains of human blood is 7.910
s, all probably i ains from the blood of
: while the ave fifteen persons (three be-
ing infants) is 7.938 m s. The maximum, where in
fants are 1 d, i sh blood is a little more widely
separated from the minimum than in the restored stains
from adul S0 also the range, when taken by tens or
by twenties, is a little le ored blood than for fresk
for the same re . No closer similarity of re-
uld have been expected had all the measurements
been taken from fresh blood; one set including infants
and the being taken from adults alone. The fact
that there is ifference, as given above, goes to show
the great accuracy and perfect restoration of dried blood
corpuscles to their normal dimensions.

further confirmation of the possibility of restoring
blood stains to a condition in which their dimen-
can be properly compared with fresh blood cor
s, I copy by permission the following table from

sor Wormley's “ Microchemistry of Poisons.”

EXAMINATION OF OLD BLOOD STAI

(9 X

(10) Ox

11) Buffa
Goat ..
Ibex.....

the human blood No. 1, two months
in the form of a thin stain on_muslin,
other than that it was mammalian blood,
unknown at the time of examination. e Ccor-
ere readily found, and two series of thirty cor
ured. In the human blood two and ¢
fifty corpuscles ranging from g

of an inch were measured.

The blood stain of the do No. 6, was prepared by
Dr. Frankenberg, and consisted of a single stain so mi-
nute as to be barely visible to the naked eye; its nature
at the time of tk amination w unknown. In this
instance only fifteen corpuscles were measared. In the
ox blood four and a half ye old, the corpuscles were
rather readily obtained, and two closely concordant series
of measurements were made.”

Another table, quoted by Clark Bell, Esq., in his
article on “Blood Stains” in the Medico- Legal Journal,
September, 1892, p. 157, is worthy of careful study in
this connection. It shows res of examinations of
blood dried on knives, glass, wood, cloth, paper, and
stone, with measurements corresponding very closely
with measurements of fresh blood.

I take great pleasure in acknowledging my obligations
to Professor Ewell, from whose valuable articles on
micrometric study of 4,000 red blood corpuscles, pub-
lished in the Medico- Legal Journal for September, 1892,
I have compiled the following table:

Whole number measured. .

In regard to the alterations of blood in disease, it is to
be noted that no disease causing smaller average sizes of
the blood corpu of the lower animals can have any
tendency to cause such blood to be mistaken for human.
If it was sought to ascertain whether a given stain, with
corpuscles le L5 of an inch, could

; found
by examination to have very small corpuscles, such a
case would be judged by the facts discovered and possi-
bly be indeterminable.

If we take g4 of an inch or 7.937 microns as the gen-
erally accepted average diameter of human blood cor-
puscles, and with it compare the average obtained by
Professor Ewell from blood in dises
ave e in plumbism, ning, i

¢ g microns,
or one-twelfth part larger than the normal average.

Now, if we take the young p which, excepting the
dog, is the domestic animal 1 g the largest corpus
and to the normal average, 6.101 microns, add one-twelfth
its diameter, or 0 ron, we shall obtain for a pos-
sibly diseased pig an average diameter of 6.609 microns;
which is smaller by 1.318 microns than that of the average
human blood corpuscle. This difference when viewed in
the microscope with a magnifying power of 2,500 diame-
ters, the same power used in the photographs reproduced
in Figs. 612 and 613, is equal to more than two and a half
divisions of the scale in Fig. 613. With only 1,000 diam-
eters the difference would be greater than one division of
the same scale. Certainly no microscopist of ordinary skill
would be in any danger of confounding blood of such a
diseased pig with human blood recovered from a stain.

The only remaining possibility of mistaking stains from
the blood of a p x, horse, sheep, or goat for human
blood, when fifty or one hundred corpu s have been
measured and found to average 7.9 microns, or even 7 mi-
crons, is to suppose it possible that the expert has wickedly
and purposely measured only the largest corpuse and has
not done honest work. With a magnifying power of 1,000
di ers, a Jackson’s micrometer measures with great
certainty ; of an inch. Professor Ewell’s filar mi-
crometer, as he states, is graduated to tgpiggp of an
inch, and is certainly reliable to z3345 of an inch, equal
to one of the divisions on the above scale. Hence no ex-
pert can have any difficulty in recognizing with absolute
certainty differences of 1.3 microns, equal s5ig5 of an
inch

Professor Ewell says that “by selecting the corpuscles,
it would be possible for a dishonest observer to make the
average much larger or smaller than the above given [in
his table] without the possibility of detection: a fact, the
bearing of which upon the value of expert testimony
upon this subject is so obvious as to need no comment.”
I have never claimed, and shall not now claim, that it is
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any more difficult fora witness to swear falsely in regard
to blood stains than in regard to any other -lil‘vjl‘(_‘l, But
it would be quite possible ross examination to ask
the expert whether, in me the corpuscles obtained
from a stain, he had measured all the well-defined cor-
puscles in the field of the microscope, or whether he had
selected the large corpuscles and rejected others which
were smaller.

In treating blood stains with solvents of fibrin, to
liberate the corpuscles for measurement, it has been found
i_li many cases that the corpuscles were smaller than in
fresh blood unless maceration was long continued, old
stains requiring several weeks before the corpuscles were
in a condition to be measured. When a biconcave blood
corpuscle is placed in water, the coloring matter (hsemo-
globin) is dissolved out, the corpuscle swells up, thickens
at the edges, becomes transparent and spherical. In this
condition the diameter of the corpuscle becomes less than
normal. Tt thus happens in examining blood stains that

puscles which have lost their color or have
spherical are by some experts rejected and not meast
Some corpuscles in fresh blood have much more cole
matter than others, and these corpuscles retain th
color and form (as we think) much longer than paler «
puscles. We are not aware that any fluid used or li
to be used for softening blood stains will cause the cor-
puscles to become larger than normal. In this statement
the most noted authors agree,

If the corpuscles obtained from a stain do not re
their normal dimensions it is almost absolutely cert
that their average measurement will be less than normal
and never greater than normal. Thus, in the lar
of Professor Wormley, we may confidently say: 2
then, while the blood of man might on account of eontrae-
tions in diameter .:f the WL wu‘;um-_'f,.‘z be econfounded with
that of some animal having smaller corpuscles, the reverse
could never occur.”

From this discussion I claim that it has been proved
beyond any reasonable question:

1. That in favorable cases blood stains
treated that reliable measurements and credible
of their origin can
b : given,asshown
in the tables given
anl in others Endothelium .~
which might be Subendotbe- | =
referred to. Internal e L

2. That if error tic membrane §
ozcurs on account
of imperfect res-
toration of the
form and diameter Involuntary}
of the corpuscles )
obtained from a
stain, proved (by
(@) the guaiacum
test; by () the
spectroscope;: by
(¢) the produection
of hsemin crystals)
to be blood, the
error, if any, will
be to make human
blood appear like
:’h-‘_l" '_’f ARG '_'r the gyiernal el
inferior animals, tic membrane {
and never to mis-
take the blood of
the ox, pig, horse, Fibio-=elastic]
sheep, or 1t for i
human blood.

3. In general,
when a stain has Vasa vasorum

Elastic tissue

been proved to be

blood bythe above

it may be

led certainly
whether it is or is F16. 621

90

not mammalian blood. So, also, a stain from the blood
of the ox, pig. horse, sheep, and goat may be distin-
guished from human blood, thus confirming the claim
of an accused person in many cases that his clothes are
not iined with hur 1 blood. This negative testi-
mony is certainly quite as important in ms:

testimony inculpating a prisoner.

Lastly, the expert can say, when the average of a suit-
able number of corpuscles from a blood stain COTTESpONC
with the ¢ : of fresh human corpus
i rom the blood of the ox, pig

imony by a skilled microscopist is of untold

tance in savir > lives of the innocent, and often

rthrowing th of those who are guilty. Such

1 le and important to the wel-

fare of society as that of the chemist who testifies to the

presence or absence of poison that might have some re-
semblance to the many recently discovered ptomains.

imony of cpert might take the following

H. Vibbert, “Précis de

the blood of such an

animal < P, 3 r, O 1t] as the accused
laims. 5 > 2 od of man, or some animal hav-
ing corpuscles ve y the same size as those of man,
as the dog or rabbit. £

Or the declaration may take the reverse form
“ This stain is nof composed of human blood ; it
the blood of a horse, ¢
by the accus 2

Such declarations
when the examination has been conducted with reat
care and the measurements have been made with reliable
instruments. Moses C. White.

BLOOD-VESSELS, HISTOLOGY OF.—THE ARTE-
RIES.—An artery consists of three coats, which, named
from their relative

i}- Intima position, are the

inner, the middle,
and the outer.
The structure and
relative thickness
of these coats vary
in vessels of large,
medium, and
small calibre. A
medium-sized ar
*h as the
shown in
accompany -
illustration
621), bhas
been taken as the
type and first de-
scribed in detail,
the structural pe-
culiarities of the
larger and smaller
vessels being sub
sequently noticed.
The inner coat
or tunica intima,
is the thinnest
coat of the artery
. ~ and consists of
Adventitia three distinct
structures: (a) an
endothelial lin
ing; () a layer of
subendothelial
connective tissue
and (¢) an internal
elastic membrane
The endothelial
lining consists of
a single layver of

Media

~Section of Human Radial Artery. flat endothelial

cells, each containing a centrally situated nucleus of
round or oval form. When examined in a transvers
section of the vessel, in which the cells are seen in profile,
the endothelial
plates are incon-
spicuous, the nu-
cleus often being
the only part of the I
cell readily made
out. Examined
from > surface,
after ste ng with
silver mitrate, the
boundaries of the
individual cells are
clearly de :d by Involuntaryl
the darkly tinted i
cement substance
which wunites the
endothelial plates
In such -
the
appear
dle-shaped or lan-
ceolate in form,
their long axes cor-
responding with
that of the blood-
Vi . Careful ex-
amination o the
outlines of the cell
wows these to be
rrated or sinuous,
contrasting with
the more regular
lines of 3
in epithelial tissue.
The lining cells o
were
by
Kolliker and others
as epithelium; External elas-)
later, His applied tic membrane |
to them the name
endothelium s
more appropriate
for elements de-
rived from S
derm and ¥

helinm

Elastic tissue
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Blood-Vessels,
Blood-Vessels,

ed by apertures of varying size. The entire struec-
in these cases®has been appropriately named the
rated membrane of Henle, in recognition of the an-
atomist who called
attention to its pe-
culiar arrangement
The majority of the
elastic fibres form-
ing this reticulated

network run lor
tudinally, but are
intermingled with
some oblique fibres
as well as a limited
number of branched
connective-tissue

corpuscle

middle coat,

or funica media,
the thickest coat of
artery. It con-
s of circularly
posed lamell® of
involuntary mus-
cle intermingled
with connective tis
sue in which elastic
fibres are conspicu-
ous. The individ-
ual musele cells are
i larly spindle-
often with
ged outlines,
and possess the
characteristic rod-
shaped nuclei. The
muscle eells of the
media are shorter
and thicker than
the slender and
more elongated cor-
responding ele-
ments in other
localities. The in-
dividual cells, held
rether by inter-
stitial cement sub-
stance, are grouped
i illy defined

related to serous

In prin-
ciple, endothelial
cells are modified
connective-tissue
elements.

The subendothe-
Iial layer consists of
bundles of white
fibrous connective
tissue interwoven
with a delicate net-
work of elastic
fibres, and meagrely
distributed branch-
ed connective-tissue
corpuscles lying
within the lymph
spaces of the tissue.

The internal elastic membrane appears in arteries of
medium size as a structureless, gl corrugated
band that stands out as the mo uous structure
of the intima. It constitutes the most external layer of
the latter and forms a sharp line of demarcation between
the narrow and faintly stained intima and the broad and
more deeply tinted media. While apparently a homo-
geneous membrane in the smaller arteri i
Iarge size the internal elast
a number of delicate lamells of elastic t

bundles, which are
& Adventitia ClOsSely associated

with small spiral
bundles of white
fibrous and e X
connective tissue,
the whole forming
the most compact
coat of the artery

The elastic fibr

are very numerous,
and, in ordinary
preparations being
almost wunstained,
stand out in mark-
ed contrast among
the more deeply

F1G. 622.—Section of Human Aorta. f

stained massesof in-

voluntary muscle.
The external eoat, or tuniea adventitia, is composed of
closely felted bundles of white fibrous and elastic tissue
: : bundles

oblique course. Connective-tissue cells are present in
considerable quantity. While looser in texture and ap-
parently of less strength, the adventitia is nevertheless
more resistant than either of the other coats, and is the
tunic upon which the integrity of a ligature chiefly de-
pends. The walls of the arteries are nourished by =a
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