
peritnent which has of late attracted the niost to twenty red corpuscles. The estimates of their 
attention has been the substitntion of electricity nu~nber ,  lnacle wit11 the haenlacrtorneter, give 
for steam on the Sex17 Yorlr eletated railways. about two hunclred and fifty tl~ousancl of then1 to 
That this experinlent has not succeeded as me11 as each cubic rnillilnetre of adult blood. In  the 
could be wished is not due to any ii~apl)licabi~ity new-born this may be donhled. as also in con-
of electricity to the purposes of locomotion. 1111 
that has been atteinptrd in New York has been 
successfully carried out in Ciermany, and a more 
careful copying of the details and niethocls of 
ille~srs. Siemens & ITalslre n70nld have pro-
duced success. The eilorrnous trafic on these 
roads taxes to the utinost the carrying-capacity 
of the steam-plant, \vhich is the result of llalf 
a century of study and ruodiiicatiori uf machinery 
of locolllotives and cars. The substitution of 
electric niotors for stearn-locon~otives will be a 
gradual process, ancl will progress just in pro- 
portion to the engineering skill brought to bear 
upon the problem. TTT, D. BPARKS. 

CARTW'RIGTIT LE'(711'bT~i'E:SOAV 
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WHILEphysiological science has lilade tapid 
arlrances in recent 3ec1rs, thPre are still m:my 
problelils which it has as yet failed to solve, not- 
withsta~lciing tlle fact that m:lny patient and 
skillecl in\-estigators ha\ e d e ~  theiroted entire 
time and energy to then' solution. Aiilo~lg these 
problems, none is of greater intere~t  and impor- 
tance than the llfe-history of the bloocl, and to its 
elucidation the beat nlintls in Ellrope ant1 in  
this ccuntrv ha\ e been directed. Frof . William 
Osler. 1I.D.. of the Unix ersity of Pennsj lvania, 
v7ws inrited to deliver the fifth voulse of the Cart- 
wriql~tlectures of the Alnnlni aesoclatio 1 of the 
College of physicia~ls and wrgeons of Yew yorli, 
ailti selected as 111s subject, ' Certain problelllb in 
the yllj siologj of the bloorl.' The couise of tliese 
lectures began the exenmg of Xa~ci i23, a t  the 
hall of the young men's Christian ansociation. 

The first lecture dealt with the blood-plaque. 
whicl~i i  also l m o ~ ~ ~ n  elpnl~ntar j  coipuscle ns the 
of Zimmerluan, the haematoblast of I ta j  eni, the 
third corpu~cle and blood-plate of' Bizzo~ero. I n  
blood ~ ~ ~ i t h d r a ~ ~ ~ n  1 essc.li, in aildition to fro111 the 
the red and white corpuscles, are seen grayish 
gla~lular masses, being fro111 ten to fiftecln tinlei 
the size ot a retl corpilscle. These are Icno~vn as 
Schnltze's gra~lule masses. They ale made up 
of iin:lll hodiee, whicl~ are of uniiornl size, :inti, 
$eel in iace, hare a disk shape, anrl in l)rofi!e :xp- 
pear as rods. These bodies are the bl,~otl-plnqi~rs. 
Their diameter is iron1 1.5 niicro-i~~illimetresto 8.3 
micro-milllmetres. Ther are albvag s f ountl in mani-
~-uali:uil blood, though tlleil llu1llt)er i i  snbject to 
::?njitlemble \,ariation, in liealtli a \  em;lng one 

sumption. In  fact, in  all wasting diseases their 
number is niuch increased, as not only in con-
sumption, but also in cailcer and in anaenlia ; and 
they appear sonletinles to occupy nearly the wtlole 
field of the ~nicroscope. During acute f e ~ e r s  they 
are much diminished in number, and again in- 
crease during coonvalescence. 

E h e n  the blood is w i t h d r a ~ ~ ~ i i  fro111 the blood- 
~~essels,these plaques have a tentlency to ~ o n g l n -  
tinate, folnlint: tllc granule Inasses of hchul t~e  : 
and so rapicily does this occur, that it mould ap- 
pear to be the condition in a hich they exi5t ~ i~ l i i l e  
~vithinthe xvessel>. This is, liowerer, not the case, 
but is a property 33-liich they possess analogous 
to tlle numtnuletion of the red corpuscles. Thnt 
this state of coilglutillation is not the natural one 
magi be hho~i-11 by exaiulnini: the bloocl ~s-hllc. 
circulating in a living animal, as in the on~entnm 
of a guinea-pig or rabbit, or in the subcutaneoas 
tissues of a new-born rat, ~1hic11 is adn1ir:~hly 
n4apted to the purpose. Or. lf a clrop of a soh-
tion of osrilic acirl (one per cent) or Pecim's fluid 
be placed u11o1i thc tip ot the filiger, and then tile 
finger prickcd. so that a clrol) of bloo~l will f l o ~  
clirectl) lzto thls solution, and then the whole 
transiwred ta  a n~icroscope-slide and examined, lt 
will be io~ind that the lrlaclues are isolated. o~lil 
the tendency to coherence has been ox ercolnc.. 

There ale  solile in\ e ~ t ~ g a t o r s  who hold to the 
opinlon that these blood-plaques are disi,&tegratetl 
white corpuscle,, but tile objections to this ex-
planation are nnmerons end i~lcotltrovertible. Jt  
lnay therefore be con~ldered as established that 
the bloocl-plaque is a stq)arate entity, and distinct 
from the raatare red and white corpnscle. 

The his tor^ of tllesc~ corpuscles m a j  be divided 
into three pcrlotls. I11 t l ~ e  first, prior to 1877-'78. 
a nunlber of inr estigators m ere at  work upon it, 
alnong thein UoiinB, Zilnrnerma~~, I nand Erb. 
1874 Oder pointed ont that the gianule rnasses of 
Scl1ult7e only formed after the blood was with- 
drawn from the blood-\ psscls I n  the second 
period, 1877-78, i i a j  em demonst1 ated f he e ~ i s t -  
cnce of this thircl corpuscle, and called it haenlato- 
blaut. I n  1882 atlditional lesearcbes ncxre made 
by Hizzozero, who described it as a blood-plate. 
In  the third p~r lod ,  irotn 1882 to the present time. 
a i~urnber of inr estigators here been at  XI,~rlr, and 
there have appeared some 14cntj clii-ferent artic81es 
upon the 5ub~ect. Kcrnp has been in\ estlgating 
the question at  the Johns 13opkiiis unix ersity, and 
hls ~ , t p e r  nill c o ~ i t ~ n i  n In11 b~ltliography. 
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The second lecture in the course was delivered 
March 27, and treated of the degeneration and the 
regeneration of the corpuscles. 

In our study of the blood, we find tha t there 
are factors constantly at work to maintain its his
tological uniformity, but as to these processes our 
knowledge is still very imperfect. In some con
ditions, as during fever, anaemia, and after hemor
rhages, the number of the red corpuscles is very 
much diminished. In prof oand anaemia there will 
be found in the blood the normal red corpuscle, 
certain small corpuscles to which the name micro-
cytes has been given, and larger ones, known as 
megalocytes. In addition to these, are very irreg
ular forms known as poikilocytes. In atrophy of 
the stomach the condition of microcytosis, in 
which the microcytes abound, is very marked. 
The interesting question concerning these forms 
is, Are they young cells on their way to the forma
tion of the red corpuscle, or are they degenerated 
red corpuscles on their way to disintegration? 
Hay em considers tha t first in order come the blcod-
plaques, and then the microcytes: Osier, on the 
other hand, believes them to be degenerated 
corpuscles, fragments of the old ones. In anaemia, 
where the irregular shape of the corpuscles is 
marked, or the condition of poikilocytosis, as it is 
termed, this may go on to such a degree as to lead 
to the separation of small particles ; and this sug
gests a possible origin of the microcytes. They 
may also be formed from the red corpuscles by 
fission and budding, as may be seen in the red 
marrow of the bone. 

The megalocyte m a y be studied in anaemia in
duced by hemorrhage. I t has a diameter twice 
tha t of the red corpuscle, fourteen millimetres : 
it is not usually circular nor biconcave, but 
flattened and irregular. In these cases of induced 
anaemia by hemorrhage, the whi te corpuscles are 
increased in number, both relatively and absolute
ly ; and, as we have already learned, the blood-
plaques are increased. In severe anaemia or 
leukaemia we may find nucleated red blood 
corpuscles, which are normally formed during 
foetal life, in the new-born, and up to the age of 
four or five years. One of these m a y be seen in 
every three or four fields. These corpuscles in 
various stages of development may be studied in 
the red marrow of the bone, as the vertebrae and 
the ribs of the child and embryo. Here we find 
a small solid cell or nucleus ; next, this with a 
layer of translucent protoplasm ; next the proto
plasm becomes colored, and w ê have a nucleated 
red corpuscle. The nucleus gradually disappears 
and disintegrates, giving us the non-nucleated 
red corpuscle. Rindfleisch thinks the nucleus 
emigrates from the corpuscle, but Osier thinks 

this is a post-mortem change when it occurs. 
Some authorities regard these extended nuclei as 
the blood-plaques. Bizzozero describes a process 
of fission in the red corpuscle by which it becomes 
two cells, and thus explains the formation of new 
corpuscles, those that undergo fission being direct 
descendants from the embryonic red corpuscles. 
Hayem regards the blood-plaques as becoming the 
red corpuscles. In cells which are to be seen in 
lymph-glands, in the spleen and the bone-mar
row, are oftentimes to be found red corpuscles, 
which some regard as on their way to degenera
tion : others look upon them as being new cells. 
In this intracellular production of the red cor
puscles, Osier is a believer. 

The third and last lecture of Professor Osier, in 
the Cartwright course before the Alumni associa
tion of the College of physicians and surgeons, 
was delivered on March 30, and dealt with ' The 
relation of the corpuscles to the process of coagu
lation.' 

The views of Buchanan, published soon after 
1830, tha t the coagulation of the blood was de
pendent upon the white corpuscles, which acted 
like a ferment somewhat as rennet does in the 
coagulation of caseine, had for many years been 
forgotten and ignored. Schmidt of Dorpat, and 
his pupils, later elaborated these views of Buchan
an. They considered tha t the white corpuscles 
furnish fibrinoplastine or paraglobuline, and a 
ferment, while fibrinogen exists normally in the 
plasma of the blood ; tha t the white corpuscles, 
in furnishing these two elements, undergo dis
integration and destruction. 

Woolridge has, within the past few years, 
mainta ined that the white corpuscles play an 
important part in the formation of fibrine. He 
has been able to procure leucocytes, or colorless 
corpuscles, from the lymph-glands ; and when 
these corpuscles, to which has been added an 
equal volume of a ten-per-cent solution of salt, 
are placed in peptone-plasma obtained from the 
blood of an animal into whose vessels peptone 
has been injected, coagulation at once takes place. 
The quanti ty of fibrine which is thus produced 
depends upon the number of leucocytes added. 
These corpuscles seem to form the fibrine, and 
the weight of the fibrine is the same as that of the 
leucocytes added. The albumen undergoes no 
change, while examination shows tha t the leu
cocytes have undergone disintegration. 

The formation of fibrine in the blood may be 
studied in the moist chamber. The t ime at which 
the process commences varies from fifteen seconds 
to two minutes. Before coagulation commences, 
all the corpuscles can be easily distinguished ; and 
Osier has never seen any appearance indicating 



that the fibrine filaineills were forined by a clisin- 
tegration of the white corpuscles. On the other 
hand, these corpuscles seen1 to be stable elements. 
As a inatter of fact, no oLser\-er has clairlled el er 
to have seen the actual change of a corpuscle into 
fibrine. 

The plocess of coagulation can also be studied 
in a fine capillary tube. The clot fornls in the 
centre, and the serum outside. The white cor-
puscles seem to be squeezed out of the clot, or to 
migrate from it. 

Landoiq, whose obserx atioiis were niade soine 
ten years ago, thilllis tlrat the red corpuscles are 
co~lnected15-it11 the fornlation of fibrine. 

But the most interesting of all the l~roblenls is 
the relation of the blood-plaques to this process of 
coagulation. I n  blood drawn from the vessel5 we 
see fine filarr-ients shooting out radially froill the 
granule inasses of Scllultze. -those masses which 
we have already learned are collections of the 
blood-plaqiles. Itail\ ier, in 1873, regarded these as 
the centres of fibrine format~on. The fibrine cer- 
t a ~ n l vdoes stancl in a tl~iclr, dense net~~rollc about 
these masses. In  liealtllj- blood, fihriile also ap- 
pears entirely independent of the p1aqut.i. The 
filaruents are fine, and alqlear much lilie inar-
qaiine crystals. These filalnents may he especial- 
ly dense near the plaques ; but any one can sat- 
isfl himself, by exanlining tile blood in the inolst 
c.l~amber, that the fibrine folnls i~idependently of 
thenr as well. It we pass a ligature tlirougll the 
felzloral T ein of a dog, and allom- it  to reinain for 
five minutes, particulzllv if me have sepalatetl 
the tllreacls of the ligature, and tlien rxan~iiie 
it, u-e shall find it coated with blood-plaqucs. If 
the blood of a dog is received into a cup, and 
this is whll~ped uritli it brush of tlireads for fire 
nlinuies, me hale  tile same aggregation of tlle 
plaques upon the threadi : sonie white corpuscles 
\rill also be found, but the ~ ~ l a q u e s  the strili- are 
ing featuie. If these threads are clipl~ed into a 
solution corltainnlg a coagalable substance, clot- 
Ling will a t  once talre place. The greater the nuni- 
her of blood-plaques, tile denser and firmer ~vill be 
the clot. 

Still more nnstructire and intereiting is tlie 
study of thrombosis, oi clotting in tlie blood-res- 
sels. If a dog is bled to fieat11 through a cut in 
the femoral ar ter j ,  and the ~nsse l  excibe(1 and 
placed in osmic acid, and sttbseqnently examined, 
ne shall find on tile cut etlges and in the lualeii 
of the vessel a finely gianular niaterial, ant1 out- 
side of this a darlier lnnss composed of red cor- 
puscles. The inner portion, the finely granular 
material, hourever, nl~icli  is in contact wit21 the 
elastic lamina, is coinposed of blood-plaques, and 
not white corpuscles. These plaques are the first 
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elements or factors in the fornlation of a throm-
bus. Ebertli, in Virchow's ' Archi\es,' has just 
sho\~-n that the first elements to settle and to lodge 
on lacerated rescels are blood-plaques. In  all 
~vhi te  tlirom7r)i these plaques seen1 to rnalie u p  
their bulk. if a needle is passed tilrougli a 
I)lood-vessel in  tlie olnenturn of a living aninlal. 
the first elelnel~ts wlxich collect a t  the point of 111-

jury are the blood-pbclues, and a dibtinct white 
tlironlbus is foi nlecl. These obserx ations cn the 
relation of the ylaq~tes to coagulntio I ha\ e been 
made by Bizzo~ero. llayeru. and Zi-mth. 

In  tlie circ.ulating blood the lrlaques lreep wit11 
the red corpuscles. I f  we exainirle a xessel o l  
the omentun1 of the rabbit or guinea-pi,-. \\ e shall 
see only a red streak, which occ~~pies  the central 
part of the vessel. I n  the space between this and 
the x~a l l  of the vessel, in  the still la?.cr as it  li 

called, we inn? occasionally qee a few coloiless 
corpuscles. I f  the circulation i ~ o ~ r .beron~es 
slower, we shall see the plaques in  the 5till la) er 
with these colorless corl~uscles. If atheromatous 
ulcers of the aorta are examined, it mill be found 
that the illaterial .cvliich has collected upon them 
is made up of blood-plaques : the same is true of 
the vegetations found upon the va l~es .  \TTliile the 
distinct plaque form is apparent in tlie superficial 
parts of these structures, arid the sanie is true of 
n hite thrombi, the deeper parts are also plaques, 
but in  a gmnnlar state of disinteglatlon. 

Eberth has s h o ~ \ ~ i ~ ,  while, in the lapidly that 
circulating biood, the corpuscles and plaques are 
together. yet, if acid is placed on the edge of a 
vessel or laceration, the plaques collect, and 
forin a riefinlte aggregation or white thrombus. 
\J7e frequently find in aatopsies ath~romatous 
ulcers or calcareous plates ~vhicli have no thrombi : 
in these cases, the circulation cluring life ha\ irlg 
been rapid, the plaques rerriained central : but, as 
tlie current becomes rlower, these plaques becorne 
peripheral, and adhere to surface.; denuded of 
endotllelianl, and thronlbi result. 

IBIPORTASTchanges are in progress at Oxford 
which will give the university a real faculty of 
medicine. It  has hitherto coudncted medical 
rxanlinations for graduates in arts vyho have oh-
tained thelr professional education elsewhere, gen- 
erally at  one of the great London hospitals. But 
ill future Oxford rnen will be able to enter tlle 
universit7 as illedical btudents. as has long beell 
the case a t  Canlbridge. It will still be necessary 
for them, homerer, to graduate in art^, wllicll will 
practically mean in the school of natural science, 
before tiley can proceed to a niedical degree ; and, 


