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XXXII. Experiments on the Blood, with
Jome Remarks on its Morbid Appearances;
by William Hewfon, F. R, §.

Read June 14 & 21. S the following Experiments

177 are made on a {ubje@ generally
thought important, and as the inferences which I have
ventured to draw from them feem to explain fome
appearances in difeafes, they will not, I flatter my
felf, be thought altogether unworthy the attention
of this learned Society.

When freth blood is received into a bafon, and
fuffered to reft, in a few minutes it jellies, or coa-
gulates, and foon after feparates into two parts, dif-
tinguithed by the names of craffamentum and ferum.
Thefe two parts differ in their proportions in dif-
ferent conftitutions: in a ftrong perfon, the cra/~
Jamentum is in greater proportion to the ferum than
in a weak one; and the fame difference is found to
take place in difeafes; thence is deduced ~the gene-
ral conclufion, that the lefs the quantity of ferum
is in proportion to the craffamentum, bleeding, diluting
liquors, and a low diet, are the more neceflary:
whilft in fome dropfies and other difeafes where the
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Jerum is in a great, and the crafamentum in a fmall
proportion, bleeding and diluting would be highly
improper. As it is therefore fuppofed ufeful to at-
tend to the proportions of thefe parts in many dif~
orders, and even to take indications of cure from
them, it has been an objet with thofe who have
made experiments on the blood, to determine the
circumftances on which its more perfet feparation
into thefe two parts depends; it being obvious, that
till this be done, our inferences from their propor-
tions will be liable to confiderable fallacies. Two of
the lateft writers on this fubject agree, that if the.
bleod, after being taken from a vein, be fet in a_
cold place, it will not eafily feparate, and that a
moderate warmth is neceffary: this is a fact that is
evinced by daily experience. They likewife fay,
that the heat fhould be lefs than that of the animal,
or than 98° of Fahrenheit’s thermometer; and that
if frefh blood be received into a cup, and that cup
put into water heated to 98 °, it will not feparate ;
nay, they even fay, that it will not coagulate; but
this, I am perfuaded from experiments, is ill-founded.

ExperiMENT L

A tin-veflel containing water, was placed upon a
lamp which kept the water in a heat that varied be-
tween 100 and 105 degrees. In this water was
placed a phial, containing blood that inftant taken
from the arm of a perfon in health; the phial was
previoufly warmed, then filled, and corked to ex-
clude air. In the fame water was placed a tea-cu

half full of blood, juft taken from the fame perfon ;
Vor. LX. Bbb a
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a third portion of the blood was then received from
the fame vein into a bafon, and was fet upon a
table, the heat of the atmofphere being at 67°,
Now, according to their opinion, the two former
fhould neither have coagulated nor feparated, when
that in the bafon began to feparate; but,on the con-
trary, they were all three found to coagulate nearly
in the fame time; and thofe in the warm water, not
only did feparate as well as the other, but even
fooner. ‘

ExperimenT Il

The fame experiment was repeated on the blood:
of a perfon that laboured under the acute rheuma-
tifm, whilft the heat of the atmofphere wasno higher
than 55°, and that of the warm-water was 108°; and
the refult of this experiment was not only a con-
firmation of what was obferved in the firft, but it
even fhewed, that, that degree of heat was fo far
from leflening, that it increafed the difpofition to-
coagulate ; for the blood in the cup and in the phial
was not only coagulated, but the feparation was much.
advanced before the whole of the blood in the bafon
was coagulated. Thence I am led to conclude, that
the feparation of the blood in a given time, is in.
proportion as the heat in which it ftands is nearer
to the animal heat, or 98°; or greater in that heat
than in any of a lefs degree. And I am confirmed
in this inference by experiments hereafter to be re-
lated, where the blood in the living animal whilit
at reft was found both to coagulate and to feparate.

It is well known, that the craffamentum confifts of
two parts, of which one gives it folidity, and is by

fome
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fcme called the fibrous part of the blood, or the
gluten, but by others with more propriety termed
the coagulable lymph; and of another, which gives
the red colour to the blood, and is called the red
globules. Thefe two parts can be feparated by
wathing the craffamentum in water, the red particles
diffolving in the water, whilft the coagulable lymph
remains folid. That it is the coagulable lymph
which by its becoming folid gives firmnefs to the
craflamentum, is proved by agitating frefh blood with
a ftick, foas to colle@ this coagulable lymph on
the ftick, in which cafe the reft of the blood remains
fluid *,

The furface of the craflamentum, when not
covered with a cruft, isin general of a more florid
red than the blood was when firft taken from the
vein, whilft its bottom is of a dark colour, or blackith.
This floridnefs of the furface is juftly attributed by
fome of the more accurate obfervers to the air, with
which itis in contat; for, if the crafflamentum be in-
~verted, the colours are changed, at leaft that which
is now become the upper furface afflumes a more florid
rednefs. This difference of colour, others have endea-
voured to explain from the different proportions of

* It may be proper to mention here, that till of late the
coagulable lymph has been confounded with the ferum of the
blood, which contains a fubftance that is likewife coagulable.
But in thefe papers, by the lmph, is always meant that part of
the blood which jellies, or becomes folid fpontaneoufly when
blood is reccived into a bafon, which the coagulable matter
that is diffolved in the ferum does not; but agrees more with
the white of an egg, in remaining fluid when expofed to the
air, and coagulating when expofed to heat, or when mixed with
ardent fpirits, or fome other chemical fubftances,
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the red particles, or globules as they are called, which,
fay they, being in greater proportion at the bottom
of the Craffamentum, makes it appear black; but,
if inverted, the globules then fettle from the furface
which is now uppermoft,and that becomes redder. But
this I think is not probable; for the lymph in the
craffamentum is fo firmly coagulated, as to make it
too denfe, to allow of bodies even heavier than
the red particles to gravitate through it ; for example
gold. That air has the power of changing the co-
lour of the blood, has been long known ; and the fol~
lowing experiment fhews it very fatisfatorily, and
hardly leaves room to refer the appearance to another
caufe.

ExprerimenT IIL

Having laid bare the jugular vein of a living rab-
bit, I tied it up in three places; then opening it be-
tween two of the hgatuxes, I let out the blood, and
filled this part of the vein with air. After letting it
reft a little till the air thould become warm, 1 took
off the ligature, which feparated the air from the
blood, and then gently mixed them, and I obferved
that the venous blood aflumed a more florid rednefs,
where in conta& with the air-bubbles, whilft at
ether parts it remained of its natural colour.

There 1s a difference between the arterial and ve-
nous blood in colour; the former is of a florid red
like the furface of the Craffumentum, the latter is
dark or blackifh like the bottom of the craflamen-
tum. This change in its colour is produced on the
blood as it pafles through the lungs, as we fee by

opening
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opening of living animals *; and as a fimilar change is
produced by air applied to blood out of the body,
it is prefumed that the air in the lungs is the imme-
diate caufe of this change; but how it effe@s it, is
not yet determined.

As the blood is changed to a more florid red in
pafling through the lungs, or from the venous to the
arterial {yftem, fo it lofes that colour again in paffling
from the arteries to the veins in the extreme parts,
efpecially when the perfon is in health; but every
now and then we obferve the blood in the veins more
florid than is ufual, and it likewife frequently hap-
pens in blood-letting, that the blood which comes
firft out is blackith, but afterwards it becomes more
florid : in thefe cafes, the arterial blood paffes into the
veins without undergoing that change which is na-
tural to it.

Some of the neutral falts have a fimilar effe@® on
the colour of the blood to what air has, particularly
nitre ; thence fome have attributed the difference of
colour in the arterial and venous blood to nitre, which
they fuppofed was abforbed from the air whilft in the
lungs. But we know that thisis a mere fuppofition,
for air contains no nitre. Indeed nitre is far from

* That this change is really produced in the lungs, I am
perfuaded from experiments, in which I have diftinCtly feen the
blood of a more florid red in the left auricle, than it was in the
right, But fome authors of the greateft authority fay, that
they could not oblerve any fuch difference in a great number of
experiments which they made; but this 1 fhould attribute to
their having been later in opening the left auricle after the col-
lapfing of the lungs than I was; for it feems probable, that

whatever is the alteration produced on the blood in its circula-

tion through this organ, after itis collapfed, this change can-
not take place.
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being the only neutral falt which has this effe@t on
the blood, almoft all the neutral falts have the fame.
In making fome experiments on this fubjeét, I
have obferved a much more remarkable effe&t which
neutral falts have upon the blood; and thatis, being
mixed with it when juft received from the vein, they
prevent its coagulation, or keep it fluid, and yet, upon
adding water to the mixture, it then jellies or coagu-
lates: thus, if fix ounces of haman blood be re-
ceived from a vein vpon half an ounce of Glauber’s
falt reduced to a powder, and the mixture agitated
fo as to make the falt be diffolved, that blood will
not coagulate on being expofed to the air, asit would
have done without the falt; and if to this mixture
about twice its quantity of water be added, ina few
minutes the whole will be jellied or coagulated, and
on fhaking the jelly, the cosgulum will be broken,
and the part fo coagulated can be now feparated as
it falls to the bottom, and proves to be the lymph.

In thefe mixtures of the blood with neutral falts,
the red particles readily fubfide (efpecially if human
blood be ufed) and the furface of the mixture be-
comes clear and colourlefs ; and being poured off from
the red part, it is found to contain the coagulable
lymph, which can be feparated by the addition of
water.

I have tried all the neutra] falts, and have made
a table of their effe€ts on the blood, but this table I
thall not trouble the Society with at prefent: it may
be fufficient to obferve that in general they agree in
producing this change*. And it is lefs neceflary to

* It may be neceffary to obferve here, that thofe made with
the volatile alkali, and with the earth of allum, ar¢ to be excepted.
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be particular in giving a detail of their effe@s, from
our not knowing of any ufe this would be in me-
dicine, becaufe we muft not conclude that their ef-
fe&s in the body would be the fame as we fee they
are out the body. Indeed, thefe experiments, as
well as many others, were not made fo much with
aview of any immediate application to medicine, as
to determine the properties of the blood chemically :
for, having fet out with a perfuafion, that a more par-
ticular acquaintance with the properties of this fluid
was neceflary before we could arrive at the knowledge
of fome of the animal funéions, fuch as the manner in
which the bile and other fecreted fluids are formed, I
therefore determined to do my utmoft to throw fome
light on this fubjeét. It was with this view that I
have made fome experiments even on living animals,
being convinced that fuch experiments could not
otherwife be made fatisfactorily.

When blood is thus kept fluid by neutral falts,
it ftill retains its property of being coagulable by heat,.
and by other fubftances as before, air excepted. This
method of keeping the blood fluid may therefore be
ufeful, by giving us an opportunity of making fome
experiments on the blood, which we could not other-
wife do, from its coagulating {o foon when taken from
the blood-veflels.

This property of one of the neutral falts has been
long known, amongft thofe who prepare blood for
food ; for it has long been a practice with fuch peo-
ple, to receive blood into a veflel containing common
falt, and to agitate it as faft as it falls, by which
means the coagulation is prevented, and the blood
remains fo fluid as to pafs through a cloth, without

3 leaving
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leaving any coagulum behind: by this means they
have an opportunity of mixing it with other fub-
ftances for the ufes of the kitchen.

Although the coagulable lymph fo readily be-
comes folid when expofed to the air, yet whillt it
circulates it is far from being folid: it has indeced
been fuppofed to be fibrous, even whilft moving
in the blood-vefiels, but erroncoufly.

It is this coagulable lymph which forms the in-
flammatory cruft, or uff as it is called. It likewile
forms polypi of the heart, and fometimes fills up the
cavities of aneurifms, and plugs up the extremities
of divided arteries. It is fuppofed, by its becoming
folid in the body, to occafion obftructions and inflam-
mations ; and even mortifications, from the expofition
to cold, have been attributed to its coagulation. In a
word, this lymph is fuppofed to have fo great a fhare
in the caufe of feveral difeafes, that it would be de-
fireable to afcertain what brings on that coagulation,
either in the body or out of it.

The blood, when received into a bafon and fuf-
fered to reft in the common heat of the atmofphere,
very foon jellies or coagulates; the part which now
becomes folid is the coagulable lymph, as has been
fhewn above. The circumftances in which it now
differs from what it was in the veins, are thefe: it
is laid open to the air, to cold, and is at reft; for
whilft in the body, air is excluded, it is always of a
confiderable warmth, and is always in motion. The
queftion is, to which of thefe circumftances its coa-
gulation whilft in the bafon is chiefly owing. This
queftion, I believe, cannot well be anf{wered from
the experiments that have hitherto been made. .Itdha(sl

indee



[ 377 ]
indeed been faid, that the cold alone coagulated it
for, fay they, if you receive blood into a bafon, and
keep that bafon in° warm water, and ftir the blood
well, it can be kept fluid. But in the experiments
from which this conclufion was made, I find there
has been a deception. In fhort 1 have found thatit
coagulates as foon when kept warm, and when agi-
tated, as it dogs when fuffered to reft and to ccol.
As the fubje&t feemed to me of importance, I
have endeavoured to afcertain the circumftance to
which this coagulation is owing, by feveral of ex-
periments, in each of which the blood was generally
expofed to but one of the fufpected caufes ata time.
Thus, in order to fee whether the blood’s coagulation
out of the body was owing to its being at reft, I
made the following experiment.

ExperiMENT IV,

Having laid bare the jugular vein of a living dog,
I made a ligature upon it in two places, fo that the
blood was at reft between the ligatures; then cover-
ing the vein with the fkin, to prevent its cooling, I
left it in this fituation, From feveral experiments
made in this way, I found in general, that after be-
ing at reft for ten minutes, the blood continued fuid ;
nay, after being at reft for three hours and a quarter,
above two thirds of it was ftill fluid, though it coa-
gulated afterwards. Now the blood, when taken
from a vein of the fame animal, was completely jel-
lied in about feven minutes. The coagulation there-
fore of the blood in the bafon, and of that which is
merely at reft, are {o different, that reft alone can-

Vor. LX. Ccc not
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not be fuppofed to be the caufe of the blood’s coa-
gulation out of the body.

To fee the effeéts of cold on the blood, I made
this experiment,

ExperiMENT V.

I killed a rabbit, , and cut out one of its jugular
veins immediately, proper ligatures being previoufly
made upon it; I then threw the vein into a folu-
tion of fal ammoniac and fnow, in which the mer-
cury ftood at the 14th degree of Fahrenheit’s ther-
mometer. As foonas the blood was frozen 1 took
the vein out again, and put it into luke-warm water
till it thawed and became foft; I then opened the
vein, received the blood into a tea-cup, and ob-
ferved that it was perfectly fluid, and in a few mi-
nutes it jellied or coagulated as blood ufually does.
Now, as in this experiment the blood was frozen
and thawed again without being coagulated, it is e-
vident that the coagulation of the blood out of the
body is not folely owing to cold, any more than it is
to reft.

Next, to fee the effects of air upon the blood, I
tried as follows.

ExperiMeEnT VI

Having laid bare the jugular vein of a living -
rabbit, I'tied it up in three places, and then opened
it between two of the ligatures and emptied that part
of its blood. I next blew in warm air into the
empty vein, and put another ligature upon it, and let-

ting
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ting it reft till I thought the air had acquired the fame
degree of heat as the blood, I then removed the
intermediate ligature, and mixed the air with the
blood. The air imnrediately made the blood florid,
where in contat with it, as could be feen through
the coats of the vein. In a quarter of an hour I
opened the vein, and found the blood entirely co-
agulated: and as the blood could not in this time
have been completély coagulated by reft alone, the
air was probably the caufe of its coagulation. '
From comparing thefe experiments, may we not
now venture to conclude, that the air is a ftrong
coagulant of the blood, and that it is to this its
coagulation when taken from the veins is chiefly
owing, and not to cold or to reft? '
It may not be impropér to obferve here, that
there are non¢ of the above related experiments I
have been obliged to repeat fo oftenas the 4th, which
was made with a view to determine whether the
blood would coagulate by reft. In the firft trial
which I made, the vein was not opened till the end
of three hours and a quarter ; and juft before it was
opened F had obferved through its coats, that the
upper part of the blood was tranfparent, owing to
the feparation of the lymph. On letting out this
blood, it feemed to me entirely fluid ; a part indeed
had been loft, but the greateft part was colleéted in
the cup, and which afterwards coagulated as blood
commonly does when expofed to the air. From
this experiment I imagined that the whole had been
fluid; but from others made fince, I am perfuaded
that the part which was loft had been coagulated ;
for, from a variety of trials, 1 now find that though
Ccez ths
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the whole of the blood is not congealed in this time
by reft alone, yet a part of it is. Butas it would be
trefpaffing too much on the Society’s time to relate
every experiment I have been obliged to make for
this purpofe, 1 fhall only mention the general refult
of the whole. :

After fixing a dog down to a table and tying up
his jugular veins, I have in general found, that on
opening the veins, at the end of ten minutes, the
blood was ftill entirely fluid, or without any appear-
ance of the coagulation’s beginning *. If opened at
the end of fifteen minutes, at firft fight it appeared
quite fluid; but on a careful examination I have
found fometimes one, and fometimes two or three
fmall particles about the fize of a pin’s head, which
are part of the blood coagulated. When opened
later than this period, a larger and larger coagulum
was obferved ; but fo very {lowly does this coagu-
Jation proceed, that in an experiment where I had
the curiofity to compare more exactly the clotted
part with the unclotted, I found, after the vein
had been tied two hours and a quarter, that the
cocgulum weighed only two grains; whillt the reft
of the blood, which was fluid, on being fuffered to
congeal, and then weighed, was found to weigh
eleven grains. I can advance nothing farther in this
part of my fubjet with precifion. Nor can I pre-
tend exaltly to determine the time at which all the

* T fay, in general, it was fluid at the end of ten minutes;
but I muft likewife mention that in one dog I found two very
tmall particles of beginning coagulation, even at this period;
yet in another I could not obferve any fuch appearance, even
at the end of fifteen minutes,

blood
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“blood between the ligatures is coagulated. I have
indeed opened fuch a vein at the end of three days,
when I found a thin, white coagulum, which was a
mere film; the ferum and red particles having difap-
peared. But the whole is undoubtedly congealed long
before this period. The mannerin which the blood
coagulates, when at reft in the body, has appeared
to me curious, and therefore I have taken the more
pains to difcover how it happens, efpecially as it
may affit us in judging whether or no it coagu-
lates in the heart, fo as to form thofe fubftances
called polypi. The abovementioned times will, I
believe, be found to be thofe at which the blood
congeals in the veins of healthy dogs: and as I
have found, by experiments, that the bload of a
dog and of the human fubje in health jellies out
of the body nearly in the fame time, that is, it
begins in three or four minutes, and is completed in
feven or eight; I fhould therefore conclude that the
blood coagulates nearly at the fame period in the
veins of the human body. But it may be neceffary
to add here, that from experiments which I have
made, I have reafon to believe that the time at which
the blood coagulates, is different in different con-
ftitutions, and in different difeafes. For though the
blood of a perfon in health is completely coagulated
in feven minutes after it is taken out of the veins, yet
in fome difeafes, I have found the blood fifteen or
twenty minutes, nay even an hour and an half, be-
fore it was completely jellied.

As we fee in the above related experiments, that
the blood coagulates in the body when fuffered to reft
for a little time, is it not probable that tis to this

‘ ' caufe
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caufe its coagulation in thofe true aneuryfins, which
are attended with a pouch, are owing ¥? For in fuch
enlargements a part of the blood is without motion,
which will congeal when at reft, and in conta& with
the fack ; and thus one layer may be formed; and
the fack afterwards enlarging, another portion of the
blood will then be at reft; and foa fecond layer
may be formed; and thence probably is the origin of
thofe laminated tbrombz met with in {uch facks.

Likewife, to the blood being at reft, is probably
owing its coagulation in the large arteries which are
tied after amputation, or other operations; for after
moft of fuch ligatures there will be a part of the
artery impervious, in which the blood can have no
motion. The coagulum after amputation might in-
deed be fuppofed owing to air; but, COnﬁdering the
manner in which arteries are tied whilft the blood
is flowing from them, it does not feem probable that
the air has any effect on what is above the ligature.

To the Blood’s being without motion in the cavity
of the uterus, is its coagulation therein probably
owing ; hence the origin of thofe large clots which
we fometimes obferve to come from this cavity, and
which, when they are more condenfed by the uzing
out of the ferum, and of the red particles, aflume
a flefh-like appearance, and have often been called
moles ar falfe conceptivms.

In Experiment the s5th, we found that the blood
could be frozen and thawed again, without being
coagulated: this, likewife is an experiment which

* An inflance of which may be feen in the M:dical Obf. and
Inq. vol. i, article xxvii. fig. iii.
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I have repeated feveral times, that I might be furs
of the fa¢t. I bave alfo varied the experiment a
little, having fometimes put the vein into a phial
of water, and froze the whole in a folution of fal
ammoniac in fnow; and fometimes I have put the
vein into the folution itfelf; and three or four times I
have put it into oil, and then frozeit; but after all
thefe trials, the refult was found to be the fame. The
blood was always evidently fluid on being thawed,
and as evidently jellied when expofed to the air.
Thus far 1 have related fuch experiments asI have
made, in order to difcover the caufes of the coagu-
lation of the blood, out of the body. Next, if a-
greeable to this learned Society, I fhall lay before

them fome other experiments that I have made on
this fluid.
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