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i^ m o u m T io n

T h m  blood as the main media or tpassfsr of t o n i c  substances 
to and f r o m  the tissues is normally in constant laovement through 
the vessels* Any interruption of this now m y  bo roll owed by
a change of concentration of these ions in the blood*. Thus the 
ionic concentration of the blood substances* normally very care
fully regulated* may be altered eons iderably f however* there 
is a limit beyond which life cannot exist* Ttommm changes appear 
to be closely related to the length of time of the flow Inter
rupts. on* The official first aid treatment for an injured limb 
allows the application of a complete tourniquet for 20 to 30 
minutes {!}* In surgery, such as aortic grafts, the blood flow 
to the lower half of the body may be stopped for 20 to 60 
minutes without lethal effects (2) * During wars limbs have been 
lost simply because a tourniquet had been applied too long (3)* 
Thar© are numerous diseases that produce a slow or limited 
circulation and others that allow pooling of blood In various 
areas o f the body* Thm blood calls move sluggishly and pool 
in soxm of the larger blood vessels (lx,5)* In the standing 
position there la a tendency for the blood, to pool in the lags 
arid at the a&me tlmo filter into intercellular spaces with the 
result that tfm volume of blood returning to the heart la de
creased below that of the reclining position* In the case of 
greatly impaired venous return, the blood may pool in large 
quantities in the aver&Istended .and weak varicose veins* This
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condition nay be produced by sitting on ill-fitting chairs 
wlaen the edge or the chair acts as a partial tourniquet.
Crossing ttm legs may also produce the same effect«

fhe literature citations of blood studies during, blood 
stagnation are very few. For this reason they are included 
in this introductory section. Isolated studies have been made 
of the effect of various periods of blood flow stoppage on a 
few of the blood const!tuants. One of the first changes that 
•may take place is an increased capillary filtration of fluid 
from the plasma. (6 - 11) . This results in a hemoconeeatrat1 on 
of the solid element® and the dissolved molecules of large 
size (7# 9# 1£)• In a more complete or longer period of stag
nation a small amount of plasm protein m y  -also move through 
the capillary into the tissue (8). This is primarily albumin (13).

The sodium and potassinn content of the blood changes, 
depending on the type of blood stagnation - arterial, venous 
or couplet#. Baetjer (Ik) by reducing the volume of blood in 
the limb of cats 80 per cent by hemorrhage found no increase 
In the potassium of the remaining blood but after a 9$ per cent 
reduction, a 50 per cent Increase in the potassium concentration 
was observed. Dennis and Sloor© (IS) reported an Increase of 
13.3 rag. $ (30 per cent increase) during 5 - 9 minutes of 
Jisyocardl&i ischemia of the cat and dog following ligation, of 
both the coronary arteries and veins but no change after ligation 
of the coronary veins and not the arteries. Far her art al. (19) 
similarly reported that there was no change in venous plasma 
potassium during venous stasis of two minutes duration in the
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human* Laufia&n ©t al* (l6) reported t h a t  d u r i n g  & SO per cant 
restriction or the Inferior vena cava of dogs there was an 
increase of sodium and potassium In t l m  s « m «  In a special 
type of partial venous stagmfcion in humans, congestive heart 
failure# the values of both sodium and potassium In the plasma 
increased C17» 13)*

Berry all* (?) are joined by other workers in reporting 
an Increase in sertm protein* hemoglobin (20)# specific .gravi
ty (21# 22} and packed cell volume (20# 23} in the blood of 
congested vessels* Landis #t al> (8) had previously reported 
that a SO mm* Hg* compression will produce a 1*5 p®r cent loss 
of proteins from the plasma.

The acidity of stagnant blood in the cat and dog Increased 
during a combination of arterial and venous ligation. During 
only venous stagnation for >-9 minutes no change occurred as 
reported by Koore and Greenberg (2lf). Similarly# during 
asphyxia# the blood decreased (23).

The blood sugar Increased In man during the beginning of 
venous stagnation but then later decreased# whereas# during the 
use of an arterial tourniquet for five minutes# It changed 
very slightly (25)*

Reports on the * carbon dioxide and oxygen changes in the 
blood during stagnation could not be found. In the case of 
asphyxia the -oxygen saturation doorcases and carbon dioxide 
saturation Increases (23).

Water and salt move from the blood plasma into the tissues 
in venous stasis thus reducing the chloride concentration {6*26,27).#



At the smss time Is a gain of chloride ion In the

porta deal with only on© or 
factors* Tons sodium and potassium, which are generally In
versely related, should not fee studied singly* ?1It is I m p o r t a n t  

to oonslder the pathology of tho blood as a whole n (2b)* In 
many cases pathology of the coll may influence the plasma and 
Tic© ?®rsa. In so® cases, the alteration of two compomnts 
may he concomitant, while in other cases the alteration of one 
may produce an alteration of the other (28)* In most ease a 
either the total blood or plasma was studied individually so 

the general movement in or out of the blood stream 
i s detected* Little Is known about the exchange of ions 

between the blood cells and the plasma during stagnation*
There has been m m % i  variation In the types of blood 

stasis used in previous work, which could be either partial or 
complete, of either the arteries, or the veins, or both* The 
type of stasis employed makes a considerable difference in the 
final blood composition (?, 8, 2%, 29).

Thm purpose of this work m s  to show a more complete pic
ture of the changes that take place between the blood, cells 
and the plasma, and between the blood and the tissue during com
plete stagnation of blood for about one-half hour In the hind

 ̂K'~s %dr ^

sion, 
Indicate 
and wi:

terms stagmtion, stasis, stoppage, ligation, eosapres* 
I ischemia have all been used by previous authors to 
a partial or complete Interference with the
be used, frequently In this paper*



METHODS

A total of mongrel dogs we idling between 30-60 pom&s 
each* In a poeteabeorptive state.* w w  subjected to 2O<*30 min
utes o f  tourniquet application- on the upper pant o.f the thigh
close to the M p $ f Most of the»e animals w e  need the second 
tli m $ 2-% weeks after their first expertmental run thus giving 
a total, of 26 experimental tests, fte contralateral lag was 
used for the second test.

The TQ (abbrevi&t.ion for tourniquet to be used hereafter 
In this report) was a simple strand or two of flexible S ssa. 
rubber tubing stretched and wrapped very tightly around the 
thigh and held together by a  strong hemostatic forceps• The 
TQ was supported on the leg by an attendant who kept constant 
watch that it did not loosen or slip down the tapered leg*
There were cases m here the animals were especially quiet so 
that a specially built table platform could bm used which 
supported and maintained the T 4 in the upper thigh area. Even 
in these eases someone m a n  In the tsmdl&te vicinity to keep 
close watch on the Tq* In two cases (animals 620 and 79) the 
111 broke In the middle of the experimental period, but was re~ 
adjusted within 30 seconds. This ms followed by 20 minutes of 
complete str nation.

Bmm dogs rarely moved their- legs while otters moved them 
quite frequently| some appeared annoyed and otters in definite 
discomfort* In two or three cases the TQ was reeved after 20



minutes because of extrâ a© annoyance* In general, the animals 
were quiet- and calm* They had been cared for daily fey the

iiasnter for a period o f 2—6 isonthB previous to the fixperl- 
mant and had bee ora© ?piy responsive to his voice 00 that a 
gentle words from him would re ass nr*© them* This is the factor, 
In msg easts, that made it possible to per form this expert saent 
wi thout a m  s the s i a *

Constant checks wore mdt for tine clgna of complete stag- 
nation —  considerable cooling of the akin and absence of a 
pulse* There is a possibility that when the dogs ssoved their 
lags a very small quantity of blood was forced through the 
arteries*

At the end of the period Just prior to TQ removal, 20 ml* 
of blood were withdrawn, distal to the- TQ, from a superficial 
vein which was quite distended and tender by that t i i m *  A few 
times the fq. was removed for one second and with orm swift 
stroke of the hand, the vein was suaesagod in the direction of 
the mart# After the 2:; was reapplied the sample was withdrawn* 
This procedure was tried in. an attempt- to .get pooled capillary 
blood which has been subjected to a longer period of ionic 
exchange in the tissues#

A control s&sapl© was drawn from the contrail*ter&X leg 
3tMSo minutes before the Tg was established* Tills was the 
length of time necessary to begin the analysis of this blood*

In aoia© of the runs a sas^le was drawn frosi the contra
lateral leg Immediately before the release*

The samples were withdrawn into a 20 ml* syringe sealed
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with .grease* The bjtinge contained 3^  drops of heparin which 
was the equivalent of 5 mg&t* One part of the sample ® a  te«* 
zaedlafeely injected under oil througb a long needle Into a tact 
tubs* and another part of the saaple was placed into a eentri* 
fug® tube and cwmteifuged for 30 almitee at approximately 
3500 rpau

Twelve factors were studied during each of the first few 
experiments* Sine# considerable time was required to makm- 
tb»M testa even after very careful planning it was feared that 
blood changes m y  talc# place which would alter the ip
picture* 'Pm* this reason the factors war# divided into two 
groups* and only on© group of factor® was tested on each 
experimental run*

D m  group consisted of*
h e m  tear it total leucocyte countsugar differential countchloride pHerythrocyte count specific gravity

The second group Includeds
h e m  tour it carbon dioxide contenterythrocyte count sodiumoxygen co u t # nt potesslm

The heiaatocrlt m s  determined by two methods! wintreb# 
and fan Allen* (30)* 'The values from the Wintrohe method were 
used as the packed cell ?oliae, except in a few cases where 
there was l&suf f 1 ejUm t blood* at which time the Wan Allan laothod 
was used*

The erythrocyte and leucocyte counts were mad# on the
hemecytcsaeter using the st-andard w m t h & d m  (30) * :or differential 
leucocyte studies Wrights stain was used* The lymphocyte# and
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monocytes counted as mononuclear cells*
fee sodium and potassium' were analysed fey the Barclay 

flam spectrophotometer using the Internal standard (31)* 
amounts of these Ions Xu both whole blood and plasma were 
determined* Has blood and plasma were diluted, by lithium sul~ 
fate aad water as soon as possible after .withdrawal from the 
do© to provost erroneous results from shifts of ions between 
the plasm end cells* Boise time the diluted suable was re frig-* 
crated for a day prior to analysis*

The aaouat of sodium and potassium in the erythrocyte was 
calculated from the plasm, and blood values on the basis of the 
hematocrit reading*

Th# chloride ion In plasma and whole blood was analysed 
by the method of Sehsles and Bcholes as outlined by Hawk, Qaer 
and Suimaerson. (32) and Sijssaons and Gentstev (33)# respectively* 
fee amount of chloride ion in the erythrocyte was calculated 
from the measured values In the n&iole blood and plasma on the 
basis of the hematocrit* Duplicate samples which were m  
frequently gave similar results*

the sniper content of whole blood was analysed by the method 
of 3omo£^^h&ff®r*Hartaann, as outlined, by Hawk, Oser and 
Sunmerson (32)* Frequent duplicate samples revealed similar 
values* Generally two standards were determined and the average 
value used*

fhe carbon dioxide mud oxygen con ten fee of the blood were 
analysed with Van Slyk© nsanometaric gas analysis apparatus by the 
method reported fey Hawk, Oser and Summerson { 3 2 }» fee oxygen
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absorbent us®d was the special osygen reagent containing potae* 
sluns f err 1cyanide *

The pH was determined almost ixaaedlately after wltMrsstl 
froa the win* Sometimes the sample was first placed under oil 
and ether times it was imediately placed into the analysis 
chamber btm needle of the syrlngse* ‘'The Colesmm electro*
meter wee used*

The specific gravities of the whole Mood and the plasm 
vae determined by the copper auLf&te method of ?htll£ps gt ajL» 
t3%>*

Iftnerous preliminary analyses m  made for each factor 
studied on known solutions as well as duplicate Mood samples 
to assure accuracy*

.411 animals were generally observed during and after the
experiment for edema and any signs of shock or impaired 
functions *
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or animals before TQ appXici 
t|X>*X compared with. If3 *2 after TQ, application* (Table 
„ M an Increase of 20*2 per eent* Only m o  of theThis Is

animals* a pre^nt female* showed si decrease in hematocrit
i« fres

■cases tli© hematocrit had not eh«*^ 
it changed only slightly froat the normal control value* In 
two cases the hematocrit value was about h&lf*my 
control -and expi

" o r  th ©i-ii micro methods 
hematocrit Is tormina t ion* The Van Allen method gaim sligl 
loss packed coil mine a but there was not a consistent 
Sine© any imccuracies are amplified when working with micro 
methods* the readings from the Wtntrob© tub#a were used ge 
with; a few «xceo ti one * where only pea'll «**»*•*■$*.$ #ft *».<* <%f* 
aval liable •

ry tea * The number of erythrocytes per an* m
bio 3d increased in every case but on# during Tg applicable 
ora earn# was a posb^&rturitioa dog {Table 2# animal 626) 9 It It 
mwpmet^d frnt if a eotmt weuM have bean mad# on this mmsm 
animal when it was used the first time for an experimental m m  
while pregnant* a decrease in the erythroeyte cmiist would also 
have been revealed st nee there wms a decrease In the hematocrit
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Table X. Bezaatocrit Change®
Aninal*! Befgse TQ» After TQ* flange Per slant

h?bs'— ---- <53*6 44 TB.fr-15 sa.$ 39*2 0*6 1.6sac 43#? 46.3 2.8 6.4
■623 43*9 49*7 '>♦8 13*2M 43*3 13*4 12 .1 27*9

23*5 19*0 -*4 • 5 •*19.16© 42*5 €8*0 IS* 35.5
611- 42*5 48*0 5.5 12.3
6X2 44*0 61.2 7*2 1C *4611 44*6 49 4.4 9.961? 39*5 43 * -0 4.0 10.1

fc.-V,Ôiw 39* S 46*5 7*0 17*7020 46*5 S4.5 9.0 19.8623 49 SO 1.0 2*0624 36 55.5 19.5 64.2€26 28 31.0 5*0 10.7627 39*5 •54*4 14.9 37.7
79 40 48 8.0 20.0
710 46*5 52.5 6.0 12.9715 %7mO 68*5 11.0 73.2716 41*5 53.6 12.0 28.9
ns 14 49.3 5.6 12.8722 37.5 43. 5 6.0 16.0723 45*2 57.7 12.5 27.7
T79 32*3 39.3 7.0 21*7730 32*2 54.4 '19.2 54.5

SX 1043$ 1252J3 505.5
X 40 « X 48.2 10.4
1=2©
*1 Tli® anisette had been, mmfcexed originally by the date that

they w&rst- need and the sa*ae nuznbers “ware maintained her© for ■ready reference to these data sheets*
This is a pregnant dog about XI days befexe partiurition*
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(Table 1, animal 65)* la general, however, toe erythrocyte 
count roam froa a a m  5*71 a i U i m  (na«* M>5?*2) la normal 
blood to ?*!& million (range 3*95«10,0l>.) attorn TO. application 
(Table 2), toe moan por m t  of increase mom S^*B.

the else of toe erythrocyte aeesai to diminish during stag* 
notion o» suggested by the dirrerenee betoeen the per seat of 
inereaao of toe erythrocyte count of afc.a and toe hsnatoertt 
increase of I9*k pop ©est. In order that Who eoll volume recoin 
toe sane these values should increase in equal amounts. Ala© the 
mean corpuscular volume neveale a decrease la 12 oat of 16 ooaoa. 
The naan normal veins obtained hope eaa 7^*7 «a* microns vfttle 
during stagnation it Swapped to 6?«1 on* microns. IMa does 
not Include animal 626, the p©et»f>»rt«rition animal, and ant— 1 
6 ^  both of ahem had a large Increase of the x, e, f# Statistic 
eal analysis of the difference reveal* a t- value of 3*60 vfaiola 
indicates significance at the 1 per sent level (35)»

Share «aa no uniformity of total ooll count on samples 
tafeen free the ©ootralaterel tog* . In three aafeee there eaa a 
definite iabreesst in another ease, an increase equal to toe 
experimental telnet and in anothep ease* no change from toe noreal 
oontrol value.

leucocytes. She total matoar of leucocytes in one ea* mm* 
at stagnant blood generally decreased daring tourniquet applies* 
tion. this deoreaae haa a moan value of 5.3 per coat {oaleulat* 
ed from columns 1 and S of Stole 3). She t*test, however* in* 
dieated that toia la a non-significant difference (35). Shore 
eaa as iaersase in 6 out of 18 animals. Since am Increased
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hematocrit and erythrocyte count revealed s immmoneentratloo 
the l«w«qr<t« count was expected to lasreese in ps«*MW*ie»* 
Expe©t®<2t leucocyte counts based an both the hematocrit and the 
erythrocyte aounts were calculated sad the difference between 
these expected eounts and the actual count® after tourniquet 
application have been determined {Table !)•

Stas difference between the expected count baaed on the 
beaatoenit increase and the actual count after tourai<tne« applies* 
Mot revealed a mean leas ef till* leucocytes per eu* an* of 
staipaant blood* this ie a naan lose of 23*9 pee seat of the 
expeeted value. then the lnereaee of eryfcbrooyte eeuet eee 
need to lndleate hesoconoantration instead of the hematocrit 
there eee a neon loss of 3J®| leaseey'te* per eu* am* Ibis ie 
*0*1 per eent of the expected leucoeytea*

t$rgi# o$* Isĥ bn̂ HNis Sisss w&st- ■ 3* 1
ea revealed by a mean differential m a t  decrease of 6*1 eells

does not account fee the 
total loee of leeooeytes, therefore* there moat bsv* been alee 
a loee of warn of the remaining types. the aoaeaytee decreased 
in lumber the leant of the eells* the sees lumber of neutrophils* 
eosinophile end maaamtglaar eella found in normal control bleed 
eee 6?*5* 7*6 and 22̂ *3* respectively.

Sodium ..aaf Sodium and potassium tests tame aede
on both whole blood mid plasma* On the basis of the pasted 
sell volume toe amount of tosse electrolytes was calculated in 
the erythrocyte* thus « change of concentration of these ions 
would lndleate exchange between the erythrocyte and the plasma*



Animal Before TA liter Tj Expected ( 
Baseo. ■ 
of nemalOi

rV<
77 9700 9 20 0 11,123520 17225 ikiZS 12)2?
66 11750 7600 159”
612 10375 - 17150 2JL̂
61? 13775 13ii00 1>̂3 a - 9.5
613 llk?5 5525 13500
62k 13775 17U75 2121*1
626*1 U925 15525 13200
62? 19850 15137 27333
79 10300 12950 12360
i 11350 11662 JL fa1v* A#*#
715 25900 19100 31909
716 8625 56>0 11123
713 20550 *S A 0 H'/-* a4* • ) 0 / 23119
722 12330 13266 11*303
723 135QO 12926 1721*0
729 U9G0 96-0G
730 13325 12550 20537

ax 2>i*o3 23979 300961
i. l!;Ti|t) 13326 17703.5
Rang® 17275 X3k>0
S*B* 1*356 393k
t*= 0*932 for column 2 aad 3 * this is non significant a 
#1 post parturition anlxaal

Difference Expected Count Difference
Between Based on Change Between
i.zimtod and of iiTthrocytes Expected
Actual Count and ActualCount
- 2223 12,155 - 2951*
- U 02 13,603 - 1*273
- 8321 17,551* - 995k
- 6239 22,565 - 5kl5
- 1766 16,227 - 2827
- k?8l lk,218 - 5693
- 3766 Ik,333 4- 2592
f 2325 13,606 * 1919
-12196
♦ 590 12,133 4- 317
-1152 13,121 - H*59
-12809
- 51*73- 1*269 23,330 - 5030
f 3963 13,376 ♦ 2390
- 61*15 13,752 - 592714,970 - 5370
-20587 22,23- - 9639

79'Jkd 2>02cX 53780
- 1*635 16,665 - 3359

the 5 percent level.



Neutrophil Chaag© Bostaophil Change Aniaal before After Before If ter
7 -16 57 61 4 1* 17 6 - n
7 -15 31 30-1 2 3 * 1
7 -10 64 Sit -10 k 3- l
7 -23 6I4 li? - 17 15 17 * 2
7 -22 S3 1*9 - It 3 11 * 3
? -13 77 6? - 10 $ 3 - 2
7 -25 66 62 — 4 6 11 * 5
7 -30 73 71-7 14' 1 - 3

SX
ir

5U0 
w  .:■

lt91 - !j9 
6l.lt- 6.1

61
7.6

ty ^jj — «
6 sw* "V + * :

ran̂ e
S#B*

24
10.2

31

t ** 2.687 for the neutrophil count changes.

x m  C0UKT C&BC&3

Mononuclear Call fatal i-eueocyte 
Before After Change Before After
25 33 * 8 3,625 5,650
1? 17 0 25,900 19,100
32 33 *10 11*350 11,662
21 36 «5 13,500 12,325
39 ItO * 1 12,330 13,266
18 30 *12 20,550 13,850
23 27-1 11,900 9,600

13 23 HO 13,325 12,550

.93 25U 55 1171*79 108503
:!u8 31.9*6.9 11*635 13,562

This is significant at %M $ pm cmt level*

*•*CR
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&**$ also tfm plasm and the extr&v&seular area* By deterainlag 
the eoiaeonfcr ation of the erythrocyte and plasma separately <m 
the basis of hematocrit changes it was possible to determine
whether aay shirt of Ions was due dimply t o  the movement of 
fluid from tbe blood taking with It its normal concentration of 
sodium os? •pota.saiusa, op whether the actual concent rati on o f  the 
remiai**g blood bad chon&ed* The measured values were sodium 
aa d  potassium in whole blood and In plasm and the be-.ntocrlfc 
reading* The ramaliiixig values ape calculated (Table $}•

Shop# was a decrease o f both sodium and potassium, concent 
fcr&tion In the total blood and in the plasm# The values lor 
sodlum In the blood dropped 3*0 per cent from the control value 
of .12-3*4 to 12'!].*6 mBq.* B.nd in. the plasma, 3*0 per cent from the 
©ontrai value of Xk?«5 t©f^h3*2 mEq# {fables ? and 5} * The 
value for po tag slits In the blood dropped 33 p w  emnt from 7*3 
to 4*9 mEq*| In the plasm* 10 per cent, from 6,7 to 6.0 m^q*| 
in the blood -eells, 60 per cent from an expect**$ 6*2 to 3*4 
sihq* tn  the normal dog the quantity o f potassium found in the 
erythrocytes I a almost one and one half time* that f©-md in the 
pi as m  (Table 7)* This ratio decreased during stagnation of 
blood* Th& quantity of sodium in the ©ell Is normally about 
nine ti lines the quantity of potass lust in the coll* This value 
Increased during stagnation of blood* The quantity of sodium 
in the plasma is normally about 2lf tiroes greater than the potassium 
In the plasma* This Increased slightly during stagnation* Hie 
quantity of sodium In the plasma Is normally about t m o  times 
greater than the aodlurc In the erythrocyto* Hits decreased



fable 5 aodivsnt Changes 1 n the Blood

A n i m a l B l o o d
S o d i n r a

VXu a a
S i d T o r e

i i o d t u i a S o d l u a  I n  1 1 a s a a  o f  
1 0 0 0  c c .  o f  Blood

E x p e c t e d  B o d l u s i
i n  P l a s & m  o f

b ^ o r o ' a f t e r after 1 0 0 0  c c .  o f  h l o «  
a f t e r  T £ *

«*!&•*$, . ■!3 i. *«#**• felXtotii .

55 1 2 1 .*?

1 2 6 * 5

1 2 5 . 0

1 2 5 . 0

Uj.3 . 7  

1 3 6 . *3

1 5 0

1 3 2 . 8

5 2 0 1 2 6 * 1 1 2 3 U t O . 6 i i i O . D 7 9 * 2 7 9 . 2 7 5 . 2

5 2 3 1 2 5 * 0 1 2 1 1 3 3 . 1 1 B 3 . 7 7 *4 . 7 7 2 . 3 6 6 * 9

ip-?. 1L 1 2 0 . 1 1 2 0 . 3 15*1 . 7 1 3 9 * 1 0 0 * 3 6 2 . 0 6 3 * 2

6 1 3 1 3 7 * 5 1 2 5 . 0 11 *6 . 9 1 1 ^ * 3 X B X .14 -7 ^ * 0 7U.9
6 a o 182. a 1 7 3 . 2 1 9 2 . 3 1.9 0 * 6 x o 5 . x 0 6 . 7 3 7 . 7

T X O 1 2 5 . 0 U l i . l 1 5 1 . 6 1 ̂ 7  *7 B l . X 6 0 ' . 7 7 2 . 0

o 2 li 1 2 0 . 3 1 1 5 . 6 15*2 . 1 1 5 6 . 9 9 0 * 9 6 5  * h 6 3 . 2

626# 1 0 3 . 0 1 2 0 . 3 1 3 7 . 5 1 3 2 *. h 9 9 . 0 9 2 . 7 96.9

62? 120*3 111.0 1 3 7 . 5 125.0 83.2 5 7 . 0 62*?

7 1 5 1 3 9 * 1 1 1 3 . 0 165.6 11 *6 . 9 3 6 * 9 O x  * u 66.7

7 1 5 1 3 7 . 5 1 2 6 . 6 159.2* 1 2 *6 . 9 93.2 6 3 * 0 ? l i * i

f 128. h 1 2 U . 6 11 *7 . 5 31*3 . 2 85.7 68.5 7 0 * 9

post parturition aniiaal - has not been averaged in with the other 
results*
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Chaagga ofBa. ooRc»ia Plans®, of 101)0 ©c. of Stagnant .Blood

Ua+ 1a 5@XXs in XOOGec* of Whola HX©od
bofoxo of tor

Sgpectad la* Q m t% m of Total 5haa@®in OtXXis of 2000 ©c* of llocsd
fcl&*oatie.*ifii Onlls of lCO0€c. of

of fiat# from 1000 ©c* of Blood R m m im ** in g at th® and of TQ

MBQ* SiSi* ?* rra-rx MiSQ*

d 40*3 47*0 52*0 —4.2 —4*2

5*4 30.3 40*7 56 #9 — a . i — 2*8

-  1*2 47.8 77.1 61 .1 15*0 14* i

— 0 .0 S i . l 31.0 01*7 —10.7 —11.6

-  1 .0 77*7 SOUS §5.1 — 1*6 — 2*S

-11*3 43 .9 53.5 49 .5 4 .0 -  7*3

2 *2 20.4 50.2 45*3 4 .9 7 .1

-  2*2 4*0 t? *e 4*4 23.2 21 .0

-  S*4T 37*1 54.0 51.1 2*3 — 2*0

-  ?♦? 52.2 S7.0 64 .3 -  ?.$ —15*0

-  6 .1 44 .5 §8*6 56. 7 1 .0 -  4*2

2*04 *&#o ©&* 6 60*2 - 0*2 —2*<



6* Potaasiua Ct%a»g#s in ttem Blood

Anistsal fotas ?ala&ma Pofcaa.g■<a«toS5 Pot&aalua
in olsusrai of 1000 TO* of blood

toetftd PoKaaaltat
i n  p l a s m  of 1000 ce,of blood affcaa? TQ

Before After Befor* After 3®f©re After
isEq. m"q. sS*q. SfiEq. aBqj SSEq. . ssBSq,

55 9 6.5 4 .1 4.7
9 4.0 12.0 8.0

5ao 5 5.5 3.9 5.4 5.0 2.9 1**8
523 5 3.5 6.1 4 .2 3.4 2.1 3.1
64 5 3.3 6 .0 4 .5 3.4 2.0 2m J

613 '3.5 3.2 7.5 2.4 4.2 1.2 .  a3 .0
620 13 11.0 8 .9 8.3 4.9 3.8 4 .1
710 7 3.5 6.8 4*6 3.6 2.2 3.2
624 6*5 4.5 5*4 5.5 3.5 2.4 2.4
6a6wl 6.5 6 .0 5.3 6.7 3.7 4.6 3.7
62? 7.5 ij<#0 5.8 7.2 3.5 3.3 2 .6

715 *•* Q>*0 4.7 4.7 7.4 2.5 3.1 2.0
716 6.5 3.7 6.0 6.5 3.5 3.0 2.8

X 7.3 4.9 6.7 6.0 3.7
.jmMWM&Mfc

2.8 J7.2

K ' ro* tearing?! felon animal
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2000 ec 
o t  blot*

.m <-mmm

«• 2 *9 2*5 k.o 2.7 ♦ 3*3 - 0*6
- 2*0 3.3 2.4 3.7 •»X*3 «• 2*3
- 0*7 3*3 2.3 4.2 - 2*0 - a* ?
- 2*6 6*4 2.6 7.0 ** t|- * i|> - 7.0
*■» 0*3 10.6 9.1 12.7 *•* 3*6 * 3*9
** 2* 0 5.2 2.4 5.8 - 3*4 *• if*%
0 4.7 3.3 7.3 * <f£~ * o - 4.0

+ 0*9 4*6 3.7 3.1 ** X #4 - 0*5
* 0*7 5.7 2.4 7.9 «• 5*5 ** 4«s
+ 2*2 4*5 •Jp'̂ ** 3# If ** 1*3
-+ 0*2 4.6 2.3 6*ju * 3*3 - 3.6

- 0.4 5.0 3*4 6.2 - 2.8 - 3.2
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dtiring stagnation* The amount of sodium Matalned in the colls
found in 1000 ml* o.f blood increased from 1j4*4 ̂ *1* in normal 
blood So 36*1 itfSq in stagnant blood* At the »am» time* th*w 
was an Increase in the ©onoenbrafei ©n out Mils in tbs blood 
during stagnation* Therefor# the total amount or sodium eon* 
Seined in the cells or a unit volume or blood m ®  expected to 
increase in proportion* In order to determine whether there 
was actually a change in concentration of the sodium* the per 
cent increase or the cells must be multi plied, fey their original 
sodium quantity to determine the expected sodiisa content of the 
cells* Tfam difference between this value and the actual value 
will reveal She amount gained or lost fey the cells* In six 
animals Share was a gal&f in five, a loss of sodium from the 
ceils* C fable 5) * these individual cases rewaled considerable 
variation indicating that sodium could move either in ©r out of 
the cell* There was a slight statistically nonsignificant 
overall increase of sodium in the cell*

In the &mm manner that the actual Ioss of sodium from the 
cell was determined* the potassium change was also calculated*
In ten animals there was & loss and in on® animal a gain in the 
potassium content of the blood cells during the stagnation of 
blood fey a complete tourniquet (Table S# 6}*

'£im plasma volume* being inversely proportional to the 
packed cell volume* likewise changed during stagnation (Tabl© I) 
thus requiring calculations similar to the ones above to determine 
any change in the actual concentration of sodium and potassium 
in the plasma of a unit volume of blood* The sodium and potassium
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contained 1000 ml* of normal plasma were eteh multiplied by
tbs per e@nt of plasma contain®# In the stagnant blood to dtttf* 
mine the expected amount* of sodium and potassium on. the basis 
that the actual cKmoentr&tlon does not change* This exp©eted 
value is compared with the actual amount of these ions measured 
and a gain or loss determined* In eight animals there was a 
loss, in two animals a gain, and in one animal no change of the 
plasma sodium* for plasma potass turn. there were six animals 
with a loss, four with a gain and one animal with no change during 
a half hour period of collets stagnation* rhen these separate 
changes of electrolytes In the plasma and the cells were a?eragti 
the mean loss of sodium, from stagnant blood was 5*9 m£5q« per 
1000 ml* of blood*

fable 7* Changes in the Ratio of Sodium and Potassium in the 
Blood

3© fare after
Ratio
contain

i*'
K:cd

in
in
i,s.i

pXa-sxia toerythrocyte1 cc* of wholo bio;
V3 * £

yH* ̂

* -̂ 3

... «. i'.i ia .«» O

la
inti X ? *WT'.T f'* "Sh* ”*> .'“v JMS •« »»♦•*% *£» iCV^  ~k«3 ■<*«£, V*' \ 1 | V Vmp ».3 Uy 0.113 r̂s jr»

J§ . ■'' /W

Eat lo & in plasma to
« it O.Olj.2 O.OtfO

Ratio '•« l*r

Ha
in
In

plant: a 
©rythreeyb® 1.95? l.30>

ft û, 4? mmt* The chloride content of the blood was
measured as sodium chloride* The blood remaining in the vessels



giSaaa** &« tim  amxm « w  atm Bodiiat ntektxAm earrfcaimd la



fable 8 Sodium Chloric!© Chang©® in the Blood

knisaal r l a e m  BaCI f'hol© Blood KaCl in p l a s m  tiaCl in cell©
or® afier fcBTof® " after contained in in 100 m l  of

X00 ml. of ):>lood

V'l *£•K _* ft /«» MC.5 !£} . > ‘- 7. r * > m *  9 ;11>5 « 3.‘

$9
rJ ĉfj £> X I ft '••' 572.0 1*20.2 3>6 .U 397.X 820.3 22,8 1(6.1

6X6 662.0 623,0 408.9 407.2 359.6 lillftX 59.3 22 .8

$20 606.1 579.6 X3X .0 i m  • > 335.0 310.2 69.0 98.7

66 620.5 628.0 639.6 • > -jfX a 263.8 82.C 121.3

612 635.6 597.6 U39.U 526.3 356.0 289.8 83.6 136.5

61? 6I4O • 2 600.1 U30.7 t f> 4fctiti'* - ® 396.1 339.1 36.6 88.9

613 623.0 607.8 u m . o 395.9 376.9 325.2 37.2 70.7

6.21; 616 Ji 597,6 X15.9 399.3 393.9 c A '5 .A 133. U

626*1 5X9.3 532.J 10*3.7 1, ■:* ■. ■' A . w 395.6 ’. r> | Hi; V* -3- . 1(3.2 33.2

79 $90*o 599.0 In'} 7 5,*4 35U.O 311.5 h9.7 4 . 0

710 630.1 >81.5? 1*26.3 ? 111 ,  1 336.0 277.8 90.3 135. h

710 590.0 57X .7 ? 07 '1 :-9 . 7 > ,r i < ft Ji. 330.6 290.2 7 >.3 103.9

1 633.2 656*1 o3o , / liX5 .il 365*7 370.7 !a.o 7li.7

723 602.7 610.3 U 5 .? 399.3 330.3 250.2 85.6 11*1.1

577.3 595.1 398. < 381.9 373.1 271.il 2y.li u o .5

i 607.8 601*9 ii2G.O UQii.2 362.8 300 . u 57.9 93 .li

H*1S
*1 post parturition dog- has .not been averaged in with other figures
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Expected NaOl* in cells in XOCteii* oi: bl.
Chang© ' in IfaCl in total cells 
not accounted for bv increase in no* of cells

inspected HaCl In pla&raa o.f 100ml* bl. 
a fte r  7Q

Change in MaCl in plasma of XOOmX.ot remain- ing blood

Totalchange from expected 
value of baCX in 
100ml.of
stagnant bX,

m s iso. 5 :ia.5 *J0.£ m s

29*9 + 16.2 331*. 6 -  Xl.u3 4- 1.9

60.2 -  37.1 3 V .1 f  33.3 f  0 .9

39.6 -  0.9 323.1* -  3.7 — 6.6

1X1*9 f  5.9 o•?/; '. f /- *4 -  18.6 -  5 .7

97*1 + 59.U 3X0.1 -  20.3 4* 19.1

k0.3 ^ J .'J 368.1 -  29.0 *  19.6

u3.B *• 26.9 333*2 ** d *, 0 4* 18.5

33*9 *  95.5 273 & -  1*9 + 91.6
53 .1* -  20.2 37 •> • 6 4* 22.9 2.7
55.6 + 3U.U 306.9 f  U.6 + 39.0

101.0 *■ 3U.U 30U.X -  26.3 4* 6 *X
■S iJ J 4- 13.5 290.0 ** / . . • f  10*7

1.7 «•- + 27.1 357.7 *  X3.0 f  1*0.1

109.3 + 31.3 233.0 4* 3*2 + 31*.0

39.2 f  71.3 262.7 f  3.7 f 30.0

63.5 + 29.9 310.9 •* U*;i + 25.1
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fl Be cause of ti m  free dir fusibility of glueosa between t he 
eryfchrocyto and. plasma# distine11 on between the analysis or
whole blood and plasma Is relatively tmlmportant* 132)* % •
this reason only the whole blood sugar ha.s been determined*
However# even though the free diffusion theory aee&s to be general’* 
Xy accepted {36) LePevre (3?) reported that some sugars# prl* 
xmrilj trloses will inhibit the free movement of others*

Carbon Pioxide and Qxyjsssn Content* The carton dioxide con
tent of the stagnant blood increased by a mean value of 2*6 
volumes oar sent* How?®?, there were 2  eases out of 16 with 
a wry slight decrease of the carton dioxide content# The 
rang# of change was *0*9 to +5*4 volumes per cent#

The oxygen content fell from a control mean of 14*1 volumes 
per cent to 10*4 volumes per cent* At the rf ma the peeked
cell volume Increased# thus increasing the oxygen carrying 
capacity {fable 10)* The expected amount of oxygen on the basis 
of hematocrit increase was 1?#X volumes per cent# M i  was 6*? 
volumes per cent above the actual mlue after stagnation.* 
therefore* the actual value fell 64 per cent below the exacted 
value* The range of ehange In oxygen concentration was fro®
-0*4 to •12#8 volumes per cent*

In four eases blood was. .drawn froast the eon tr&laterm! leg 
the TQ was released# The oxygen and carbon dioxide 

contents wmim found to wmrs only slightly from the original 
control s-anple#

The carbon dioxide combining capacity was determined in a 
few cases merely to gat a general idea of any change# There was
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9. s«g

• A' •  /'■

617

79
710
713

f*9»0

55.1
is2.5
62.0

,1

51.2
46.3
6l.5
56.2
65.0

33*4

23.1

50.2
37*1

X

.s&*t
ai*6

* 9*1 
»&&*8
8*?

► 4*0 
- 1*0 
* 9*8 
>ll§,*7 
- Z.9



f a b l e  1 0 C a r b o n  D i o x i d e  &a& O ^ g r g e n  C h a a a g e s  i n  t h e  B l o o d

A n l a a l G C g  C o n t e n t 0 g  C o n t e n t C Q g  C h a n g ©

h o j T o r e a f t e r b e f o r # a l t e r

'iQUjb ',s | i  . • r>r ^ w  JL# • ~n 17 *TV  /■*
" ' ' W*;‘-UWuJUm,-®

5 2 0 2 3 .  u 2 7 . 6 U . j . 7 1 1 . 5 4* b * 2

€k <'V> *7
2 3 . 5 1 5 . 1 1 2 . 9 f  3 . 2

6 1 1 2 5 . 2 2 7 . 0 X;> J < 1 2 . 6 4* 1 . 3

6 1 3 2 L . 2 2 6 , 6 1 > * 3 I  |i .  1 4* 2 * h

6 2 0 fcO . 2 7 . l t 9 . 1 10.5 <*» 0 . 9

6 2 3 2 1 . 3 2 1 . 5 1  5 i r ' 17.5 -  0 . 6

6 2 6 0 / 5  *7  
0  | 31.6 ,-n

> ' «  J 3 . 5 f  i i . ?

6 2 7 2 ?  * 0 3 1 . u 1 3 . 0 5 . 1 .  3 . 8

7 1 0 2 i a 2 2 , 2 1 3 . 2 1 7 . 8 f  1 . 1

7 1 5 2 3  . 3 3 0 - U 7 . 6 1 . 7 ♦  1 . 6

7 1 6 2 5 . 2 3 1 . 9 l6.< 3  •  9 +  3 . 7

7 1 6 2.J« 1 2 ? . l t 1 5 . 3 1 1 . 0 + 1 . 3

7 2 2 27.0 3 2  . u 1 2 . 2 7 R S * v J +  S.lt

7 2 3 2 6 . 0 *» (* i 1 6 . 2 1 5 . 0 .  1 . 7

7 2  9 30.0 33.8 1 3 . 2 f  3 . 8

7 3 0 30* a 3 b . 7 #  &*. 5 . 3 +  3 . 9

X 2 4 . 1 28.7 l U . l X O . l i f  2 . 6

&  . iJ . 3.1 t  0 U . 9

t » 2.905 t * $.061
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$2 Cimng# P e r c e n t  t h a t  ne*r paekaad call vuXusie 
i s  o f  t h e  o M

&Cp®Ct«i 
0 g  C o n t e s t

C h a n g e  : 
G g  C O B C  
R 3 C .  i n  of blua

liu i...«i
V -./i,, jv p e r  c e n t V w j u  ,,v V *

-  1 . 2 1 0 6 . 1 * 1>*6 —  U.x
-  3.2 1 2 ? .  9 2 0 . 6 -  7.7
-  2.8 1 1 2 . 9 1 7 . U —  i|,9
—  1 * 7 1 0 9 . 9 X7.U -  3.3
f X.U 1 2 0 . 0 1 0 . 9 -  o.U

•01 1 0 2 . 0 1 8 * 5 ? -  1 . 0

-  5 . 3 no.? XD.3 -* 6,8
-  8 . 1 1 3 7 . 7 1 7 . 9 **12,8
— 1 . 2 1 1 2 . 9 20,5 - 2 , 7

-  5 . 9 1 2 3 . 2 9 . U - 7.7
**/.o 1 2 8 . 9 2 1 . 3 — 1 2  .2*

-  3 . 6 1 1 2 . 5 1 6 . 9 - 5.9
-  U.U 1 1 6 . 0 l i t . 2 — O.l*
• *4.0 £» 1 2 ? . ? 2 0 . ? - 5.7

- 8,9 1 6 8 . ? 2 i » . 0 -18.7
* 177
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a definite decease duping stagnation* Insufficient tests

wore made t o  gif® statistical validity*
Acidity* The pB of the blood changed from a mean p3 7 *  3k 

to 7*19 during stagnation* This was a m e an decrease of pH 0* 16 
(rang© -0*11 to -0*57)* There was only on# animal with an 
increase of pH (Table 11)*

Specific Gravity* The relative specific gravity of blood 
increased from a mean of 1*050 to 1*0524-3 (Table 12)* Every 
animal but on© showed Increase* In this on# case the specific 
gravity remain#! the same after as before stagnation*.

The mean specific gravity of plasma increased from 1*023 
to 1*023 during stagnation* The major factor causing plasma 
specific gravity changes is considered to be proteins* Accord
ing to the work of Phillips £t al. ( 3 k ) the protein concentration 
can be calculated from the blood and plasma specific gravities* 
Using their method the plasma protein concentration for 10 
control samples was 5*9 gau.? which changes to 7*6 gm*H after 
stagnation* This was a 29 per cant increase of the plasma 
protein* The hemoglobin content was calculated on the same 
basis which was 12*3 S®*-̂  both before and after stagnation*
Sine# there was no change in the hemoglobin concentration of t i m  

erythrocyte the sp@etf.ie gravity changes of the blood must have 
been due solely to the plasma protein increase and. erythrocyte 
count increase*

There is some question as- to the accuracy of these cal
culated figures since the .hematocrit value calculated by this 
method varied considerably from the actual experimental value*

mailto:sp@etf.ie


tftU* IX pe CJwagm «f Blaod



Changes in the. Specific Gravity of v.hole Blood and rlasaia nith 
_____Calculated Protein aad Cê globla r-Xhrnr̂ l

Jtnissal Blood Plasm Protein Hemoglobinbefore after before after in go* d in gm. d
before after before aXior

iWH n mu mm

59 1.052 1.05651̂0 0 1.051* 1.0>!t
66 1.0515 1.0555
612 1.056 1.063
617 1.050 1.0516
OAu 1.051 l.o5k

1.0̂ 1* Qjllh
626 1.0i*6J> - r"-. '.aA * \J Jt >J 1.02,1 1.033 7.0 7.7 9.1 9.0
627 1.0515 1.05u r*’ %j1#4<:46 1.0335 o*6 9.9 12 *> 11.9
79 1.051 1.053 1.0235 1.027 6.1 7.4 12.7 12.6
710 l.o5i> i.o$* 1*022 1.021* O. 3 13.3 lii.O
715 1.0555 1.0575•7 7 .< t Awf 1.0515 *i A r e  A# ''bpcir 1.0235 1.0275 6.X 7.6 / 13.2
718 1.0**9 1.0515 1.0235 1.02? u . I 7.U 11.3 11.6
?22 A .  W l u il« t V/ 3 1*040 1.023 6.7 5.9 12*3 X > . 0
723 1.0515 1 •»./ ty 1*020 1.026 1.7 6*7 13.9 13.7
129 1.0’A 1.0k3
730 l.Olli 1.0555 1.021* 1.035

A 1.05c 1.051*3 1.023 1.023 i . '] 9 ">4»*~ • 12.3
#1 for saethod see reference (32)
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In x'our dogs, blood was drawn from the contralateral leg 
just before the TQ was released at the end of the experimental 
period* T h e  blood and plasma specific gravities were determined 
and found to vary only slightly from the normal control sample 
taken before the experimental period*

General* There was an increased respiration shortly after 
TQ application which continued throughout the experimental period* 

Toward the end of this period and for some time thereafter, 
a few of the animals developed noticeable edema which resulted 
from a blockage of the lymph channels (38) • k general hyperemia 
(39* 40, 4l, 1*2, 1*3) wlta enlarging of the capillaries up to 
five times their resting sis© (1*4) may h e  partly responsible* 

Analysis of the samp!© of blood from the experimental leg 
taken at the end of 30 minute© after a release of the TQ, for 
one second revealed less ch.an.ge than in the sample taken just 
before TQ release { e  '.i© t*aĉdls jf * jl jai © wsts aia a t t to ■ pe t
capillary blood rather than venous blood but apparently the 
sample 'Contained arterial blood freshly supplied to the capil
laries* for this reason all the ©xpertmental samples designated 
as rtafter stagnation*' were taken from the distended vein before 
the TQ removal*

A  f e w  pressure tests by the camrolation-and—mereury- 
manometer method were made on the femoral artery upon the ap
plication of a TQ* The pressure immediately began a steady de
crease from1 a normal of 90 mm* until after about one and one-half 
to two minutes when it roadbed a steady state at a pressure of 
about 40 mm* of Hg* A few times it dropped lower to about £6 mm*
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Ones this steady state was reached th#r@ seemed to be little
alteration up to about eight minutes# beyond which time no 
tests were made#
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In M s  present study thm t frosa
ifO*l to l##2 Is wry stallar to to© report or Swifts j&» 
{.10} ©f am Increase l&oss JQ*3 to 40*8 to 5 hours ©f SQ ap*** 
plioettoa# SiiailorlT Seott ond Bobbins (46) reported an 
t m g i  iaesPMse from 39*3 to 56*2 during an tft»|i or 5 
tours of fQ application to tto tog ©Is doî s* fto greatest 
t»«a©e©n©e»bP&tlan results to too .first X**2 tows ©r $£fc appll** 
ootloBu te?®?| 8* 8* end 11 tows after the release of too 
T% tto toaatoerit rose still Mgtor* up to 71* Doaaogo hod 
boon Inf 11© ted on toe capillaries during the isetosiaf at 
too sum bine# too tsll mb&belltee to tto eaplllary bed 
tnsreaeed oouolxag inere&sed portability to fluids* wMto 
passed terongh toe wall very rapidly wtom too full fore© of 
the arterial blood pressure was released into them C4?)* 
too eeplllarles fermlng toe kidney gHoeerull also ©hewed ln» 
oreeoed iHnnaeabillty to fluid during too application of a 
Itob TQ. C4S)* Berry £b jJU C7) reported toot a partial venous 
'B4 for S ninnies to the isuHnn ta will ppodue a 6 per eent 
increase of toe bemotocrib*

Sartor (23) reported a wry rapid Inerease fvexn 39*4 
to 50*5 to 10 a&nutes of partial asphyxia of the- trachea of 
toe dog# H e e f of course* too pteture is eoaplleoted by re** 
leased ##11# tmsm toe- spleen*

fhe menus normal tomateerlt value of 4®*i i« wi thin toe 
rang® ©f aean values far dogs reported by © ttor workers* Some 
of these mluee are 38*3 fra® Swimgl# gfc & *  <»>* 39*3 ftwa 
Soott and'Bobbins (46)* 39#4 J*ertor (231* 64*26 £pom
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% c m  did isbt icove freely with the fluid across the cell mam— 
the concentration of each In th# cell wonld Increase*

This a x  partly explain the t#e of sodium snd elilwicle
obsenred in

o ■

smgisr $ 
teatioft

oise (Si).
9HOKJ

present study* flow# war# the i nepeaso 
cell M y  be AoesupllBhcd by mowstast 

as firing the normal *chloride shif t*« Since 
.we the cell - when the plasma sugar Goneex*- 
(see section on Su&ar m!#? fasults) a

night be expected# A reduction of cell 
&& with a decrease of* glucose in the cell

decrease the erythrocyte

tlao be expected to 1 acreage In @«*
but no auoh change was demonstrated* One invest!* 

# (3.3)» susiajested that an increase in the hamate*
cnit of the dog during asphyxia was partly* two par eeno# ai 
to the shifting or water from the plasma to the cell* t£b 
is contrary to the findings during fQ, ategnatlen in the 
study*

Generally ©pealcing among the animals there is an Inver 
rela11 ot&shlp between the else of the circulating erythrocyb 
in tii# peripheral blood and their nus&er per unit volume of
blood. (52)#

In tto ^ n m  case of an erythrocyte ee?mt decrease * tto 
post—'par tetri tl on animal t there was an increase in hems t o w



which indicated an increase in the call else# At ilia same 
time there ms a considerable increase in the plasma pro tain 
concentration* It is difficult to suggest the mechanism of 
M s  shift# It may be possible that same of the endocrine 
changes associated with pregnancy altered the erythrocyte 
permeability* Estrone* for example* Increased the amount 
of extracellular fluid in the tissues around the genitalia 
of the monkey according to the report of Eric Ponder (53)*
In toxemia of pregnancy the erythrocyte M*C*\f* increased (52*.)# 
It is commonly observed that pregnancy and also anemia (55) 
sped up sedimentation of these cells# Some maintain that It 
is due to the alteration of the plasma chemistry (56)* Others 
suggest that this Is produced by a change in the cell aur* 
face or membrane of the erythrocyte* The cells in this 
postwar Curt Sion dog did settle eat very rapidly * in about 
10 minutes* This change of the cdl surface may also effect 
permeability* Tims an increase in the erythrocyte perms* 
ability may have allowed the fluid to move Into the cell as 
mil as through the capillary wall* AC the same time some 
chloride lens moved into the cell along with the fluid but 
not enough to maintain normal concentration* so the comes®** 
tration of the chloride ion in the cell decreased slightly*
The plasma chloride increased seme through an Influx from 
the intercellular space* Sodium content was very lor in the 
red blood cells but Increased greatly* However* it still was 
much less in this posfc»parturition dog than in other animals 
of this series* The sodium in the plasma also was low but



Increased* T h l m  »aas that the sodltas. comes frosa the inter- 
cellular fluid* At the same time the master of red blood 
©ells decreased* This could not have been .from a dilution 
of tli# blood because the plasma proteins increase consider* 
ably in concentratlons therefore* the rod blood colls M a t  
have boon lost from the caplUary while so3turn* chloride ions* 
plasm pro "to Ins and ?Mte blood colls war® retained since 
in this com there was axt Increase In the master of leuco
cytes per eu# ssa* o f  blood#

The w m m  norm1 erythrocyte count of 5«7 million in 
this present study is very similar t© the report of 5*5 
million by M&Xtaus (5?) and falls within the rang# of mean 
values (4*3" - 3*0 million) reported by otter investigators 
(50* $ 2 ,  57-60)#

Ho definite significance is drawn from the irregular 
erythrocyte counts found in the contralateral ample*

teuooeytea* She leucocyte has been studied infrequent*# 
ly as a part of the blood picture change during stagnation 
tfaaoey C6l) reputed an increase of leucocytes In disturb- 
anees of coroimry cireulat ton* So* in general, the loss of 
leucocytes from t h m  blood stream reported in this study m y  
be unexpected {figure 2) * It is well known* however* that 
the leucocyte possesses the ability to crawl4* (53) and is 
ameboid (62) In its ability to change Its shape so that it 
may pass through the s n U  opening© between individual cells 
in tte wall of the capillary* There is a substance called 
te^otexi»»* a disXysable polypoptid crystallised ftem
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m m t i m M m *  by W m a m m  (65) which appears bo iHtu- 
Xata ehemotaxia or the leucocytes# drawing it fro® the capil- 
krl«9 at the alto of bacterial Infection* &t such m t s  
there m y  be a great aoeumiiXatian or leucocytes outside of 
the blood stream# In the present study numerous factor® re* 
ported such as carbon dioxide increase* esygsn decrease ami 
pH decrease (liable 10# IX) are the very rectors mainly 
responsible for the dilatation or the capillary# at which tlam 
the pores between the sells would lie the largest (53# &M«
2h* ameboid leucocytes were the types that showed the great* 
eat decrease In number* tills was mainly the neutrophils ami 
eosinophils with the greatest decrease among the neutrophils# 

Since no attempt has been mate here to demonstrate the 
presence of Increased numbers of leucocytes in the lymph and 
Intercellular fluid the possibility may not be overlooked# 
that & m m  of the cells were destroyed In the blood stream# 
which may account for the increase In the plasma protein#
Gsnna globulin is known to be released from lymphocytes upon 
their dissolution (65# 66)# fills is a normal process stlmn* 
la ted by the adrenal cortical t a m m *  Me leueocytio frag* 
meats were. observed during the differential study#

m s  mean total leucocyte count of X4#l46 for normal 
dogs reported in this present work is very similar to the 
report of l4#l&0 by Coffin (49) * m e  values found by three 
other investigators range from 9*000 to 12*600 (50# 60* 6?)* 

1X10 normal mean per cent of neutrophils* eosinophils 
and mononuclear cells of 6?«5# ?*& and ^.#8 is very similar
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upltimd by sinpl* diffusion la ths case of fcha dog 
©rytbroeyt© (?5) but not in aunarotui other animal erythrocytes
ilbj*

lit transfer of potassium Into the ©#11 and the main** 
teaanee of a ecmceRtra ti on gradient was closely associated 
with carbohydrate metabolism (69# ?6>* If glucose ia present 
the absorption of potassium 1© greatly increased* Increasing 
glycogenosis by injecting glucose or Insulin may lower the 
serum potass Ins very considerably (7?)* On the other hand* 
when various Inhibitors of glycolysis such as m fluoride or 
iodo&cet&te aim present* absorption of the potassium ion by 
the human erythrocyte vitro la prevented (69)# *?be energy 
released b:/ -the carbohydrate metabolism* it la believed* 
supplies the energy * for the oallim transfer* Solomon (70) 
and T'el lor and faylor (7S) have »asup©d this energy and 
reported that the human utilises nearly a fsdlltaol# of glu
cose for every millimole of potassium that enters the cell; 
in tlie rat this ratio is i to 1*

Both the cold (69) and barbiturates C?S) which slow up 
metabolism decrease the potassium absorption by the erythro
cyte* &fc the saae time acetylcholine and ehollnester&se 
are intimately concerned with maintenance of the ion perms- 
ablllty of the cell surface C69)*

It has been suggested also that the erythrocyte potas- 
slum content ia directly related to the 3*M*R* of the body (18)* 

fhe erytharocyte* .however* is net nearly so permeable to 
potassium as are many other tissues of the hodyf consequently*



1*6

will to quick-
to  t o ised to

la tor Cm)# 
k eonceutratlon

cellular eoffr*

by weight wms found in d©g*s muscle than in the aesusa, accord
ing to Eietoltorgsr (79) * Bub, this gradient remained only 
so long m  the cell membrane 
by Bactjer Cll*, SO) on

Store la United Information available on
of electrolytes across the capillary wall* '2to capillaries

mill source of supply for tto susclcs so it is 
that they along with the- lywptotles* facilitate 

any total change of cellular and interstitial fluid electro
lyte that assay occur* Fetm jyfe, el* (7b) a® mentioned previous
ly suggested that toe vlseera takes to any excess potassium

the blood# fton* too, during TQ, stock 
tod been Injured large quantities of sodium 

through the capillary Into the tissue cells (109)*
Th® electrolyte eoacentratIon of the blood was altered by

the dog which produced an
(S3* 8t$* 85)# the source of

i Increase, however* m s  probably toe liver rather than
muscle tissue as suggested by the fact that upon ©astir—
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frost the ll?#r is accomplished by t h m  sysgiathetic nertrs 
fibera *

The work of Bsetjer fllf) with of t h m  oat
and Dennis and. Moore CX5) w ith  coronary artery and vain liga«» 
tion of th© oat suggested a movement of potassium from the 
muscle into to® capillary blood* OeXlbom et al* (32) re
ported* h m v ^ i  that th® sodium aowseal through cap 11^ 
lariea is reduced m m  a result of traumatic shook# However* 
in the first case, the volume and pressure of the blood wore 
reduced considerably by the exp®r 1 mental eondi tlons which 
makes it unlike the present experiment# This work of Dennis 
and Moore approached the experimental conditions of complete 
stagnation as closely as any* The discrepancy of the results 
cannot be explained* In another series Dennis and &oore 
during venous ligation found no evidence of soditan. and potas«* 
alum movement across the capillary wall* the increase of 
serum potassium during a partial venous stagnation reported 
by Lauffsian &£ ml* {16} was-probably also from the liver and 
not the ma^de#

In the present study (Figure 3) the possibility of the 
release of potassium, from the liver was eliminated by a com** 
plots K| of all of the leg vessels at th# upper thigh* so 
teat fciie loss of sodium and potassium from th# blood means a 
transfer through the capillary Into th© interstitial space* 
This movement was contrary to the reports of the few workers 
who have demonstrated a. transfer of cation during stagnation 
(llf,# Ip) * The- fact that '.in these cases toe blood was under
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a very reduced volume and pr©sa,ure may account for the dif— 
ferenee »

The decrease or the sodium eoncentrat 10*1 or the* blood 
In this present study m y  b© expected since this is the 
general direction of change following the release of the T£* 
since the -movement or sodium f r o m  the erythrocyte was by aim** 
pi® diffusion (7511 a slight loss from the erythrocyte might 
haw been expected* The lack of any consistent change say be 
due to the small concentration gradient between cell a,fid plasma* 

Also following the TQ, release there is a loss of potas
sium from the rat (86, 87) and rabbit (85) muscle cells*
Thus* in this present study an anticipated increase in the 
blood potassium might be expected rather tsan the considerable 
decrease observed# Thm greatest shift of the cations studied 
was the potassium movement from, the erythrocyte* scheer C&9) 
reported that when the metabolism of the erythrocyte was 
decreased by a decrease in available sugar, the outward flux 
of potassium was Increased* Sugar was definitely reduced 
during stagnation which may explain the potassium movement*

The one factor that makes a comparison of these electro
lyte values In the dog with the human, the rat and. the rabbit 
electrolytes extremely difficult is that the main base of the 
erythrocytes of these animals la potassium while for the dog 
it is sodium (89* 90)*

The pattern of these cations was clearer after the T<i 

release* The concentration .gradient became Changed as a re
sult of the damage during ischemia# In the animals in which



potassium. Is the chief intracellular cation there was a 
loss of potassium from the tissue colls, and an increase 
of sodium in theee cells (86# 86)* T h m  potassium content 
of the serum increased {17# 86# 91# 92# 93)* it has not 
jet bean determined whether this increase was a direct re— 
suit of the lost intracellular potassturn moving Into the 
blood# as we--lb seem probable# or from a release of potas
sium from the liver stimulated by a substance in turn re
leased by the ischemia tissue® (Ĵ O# 91) ♦

of sodium in the tissue cell was greater 
be expected on 'the basis of simple movement of 

erstitlal fluids moving into the cell; therefore# it 
t have escaped from the capillaries (86# 83# 1-5 of 

literature reviewed by Puhrm&n. and Criamon (86)).
In the oontralateral leg the changes were reversed* 

There was an increase of potassium concentration and a de
crease of the sodium eoncentrafcion In the muscle cells of 
mice as reported by Fox and Baer (13)* fhXs may suggest 
that the changes take place in the uninjured lag at the ex
pense of the contralateral leg*

'The mean sodium content in the present study of the
blood# plasm and erythrocytes of 128*1|. mEqt. and 
.1 y is very similar to the reported

tartwerWMMiîiiPMiMfcWHfc Win .mwuw

#**sn ’Hfft ©•? es Va • •**■»<* - - *



values or Albritton C5®)* of 127* 15® and 97 saE«t* Reports 
of -others rang® from 83 to 159*3 mEq*for blood* from ?4*4- 
to 185*3 mEq.for plasma and from 120*? to 153*9 mEq.for 
erythrocytes (94* 95)*

/ 14$*e mean potassium content of 7*3* ©•? and 12*0 nH%. 
In whole blood plasma and erythrocytes re si 
the upper border of the range o f  means 
veatlgators (S®* 94# 95)* ‘Ibis range of mean value &  i m s  : 

blood, 4*5*10*3 ni&q» for plasma# 4*3*6*6 mSq*| and for 
* 7*0-11.5 mEq.

ms# of sodium
fluid which escapeschloride from the 

Into the tissue* but the lose was not ms great as that ex
pected based on the actual fluid lose from the blood* In 
other words# the tfaCX concentration In the blood Increased 
above the expected amount* This wee due to the large in— 
crease In WaCl eoneentr a tl on of the erythrocyte * There was 
a slight decrease in plasma KaCl concentretion {Figure 4)* 
Peters and Fan Slyke (96) and other® (26* 2?) reported that 
during a venous stasis the plasma chloride concentration fell 
while the erythrocyte chloride concentration rose, 3*hi 
suggested that this movement o f  t h m  chloride anions i 
cells of both the blood and tissues was a result of the so 
cumulation of carbonic and organic acids in the Xtgi 
on the Do naan distribution. JPtilsraan et 
increase in muscle chloride concentre11on in rabbit
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during injury by partial blood flow stoppage by a micro* 
sphere Injection* After the relee.se of the B4* however*
Fubrman and. driamoa (86) in another exporlment on rets found 
an increase in. plasma chloride ooneentration*

It Is generally believed, that the w ? « E « t  of' the chloride 
ion is closely associated with the movement of the cations*
There was no quantitativ© relationship demonstrated hero in 
this present study* T h m  chloride ion in. the intracellular 
spaces was generally considered in'combination with a cation* 
Calculations on the quantity of cation in the cell revealed 
a sufficient amount to combine with even the large increase 
of ©ry&brocyb© chloride ions*

the relationship of the chloride ion to the sugar changes 
will be discussed in the following section under Sugar*

T h m  sodlisa chloride values of normal blood found in this 
present study vary somewhat from the report® of other in* 
vestigetors* The value© obtained her© are 6o?*8* k ? Q m & 9 and 
3 4 7 mg*:* for plasma* whole blood and erythrocytes, re* 
specttvely* The values given by Albritton C$0) are 579^
643*5 for plasma, 4?9*7*533 for blood* and 356*
4$3*& for erythrocytes* -The plasma value la within
range but the- erythrocyte value is considerably lower* There 
is no- reasonable explanation, for this at the moment* Other 
Investigators <60, 94# 98} concur with Albritton but suggest

^The value for the erythrocyte was obtained by adjusting the mean value of columns o, Table 8 by the hematocrit value" to give the fiaCl for 100 ec* of erytlsroeytes*
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n wider rang# or normal values*
sm m v * Th» sugar d®cm s «  can be accounted for by 

three methods* CD loss across the capillary wall to supply 
that lost by constant metabolism* { 2 } utilisation by the 
cation® in their flux with the blood cell* and (3) glucolysla 
into lactic acid by the leucocytes <99) and erythrocyte (37)* 
ihridence that the erythrocyte does metabolic# sugar has been 
suggested* as reported at a very recent symposium <37)# by 
the appearance of lactic acid in the erythrocyte* Another 
sugar biproduet* diph0ephogiyeera.be* appears to be in equi
librium with glucose in the cell*

Loughlin et; ai* (2$) reported & decrease of 20 to 2 $  

during 6 minutes of venous compression in men which la higher 
than the values found In this work on dogs* However* caution 
mist be exercised in making such a comparison between man 
and dog* flic initial Increase of blood sugar in the venous 
compression which Loughlin erfc al* reported is probably a 
result of the hyperemia In the affected capillaries and veins 
allowing fresh sugar—1 adened arterial blood Into the veins 
{lf.3, IOO, 101, 103).

M m  relationship could be demonstrated between the sugar 
and chloride changes of the whole blood or plasma during stag
nation* An inverse relationship has been reported by other 
inves tIgatora (103* X0l|,f 105) during various conditions of 
sugar deprivation or inhibition* fhere appears to be no cor
relation between the sugar decrease and any other factors 
studied here*
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The normal mean M o o d  sugar found I n  this prmmmnt work 
is $ 6 . 7  This value Is at the l o w e r  end of the range
o f  50~100 mg*5 reported by Duke® (&Q)#

I t  I s  i n t e r e s t i n g  t o  n o te  t h a t  a c c o rd in g  to S c h n e id e r  

and ii&rpovlch Cl,|J i f  th e  blood s u g a r l e v e l  i n  doss f a l l s  

b e lo w  I4.0 ®g*$- d e a th  results* s in e s  i n  t h m  present s tu d y  the 
mean value a t  th e  end., o f  stagnation was l | l * 5  mg*'t-- and i n  some 
i n d i v i d u a l  c a s e s  i t  dre** ed to  21  m g *f#  H o w ever* i t  I s  neeea-*  

s s ry  t o  keep In m ind that these values are a measurement of 
the b lo o d  i n  th e  stagnant limb and n o t  o f  the t o t a l  body 
b lo o d #  There was no noticeable g e n e r a l  effect of this low 
blood sugar v a lu e  on the a n im a l a f t e r  th e  release o.f the 1*4* 

.Supposedly * i t  was immediately mixed with the general body 
blood and. the sugar quantity increased*

Carbon Dioxide and Oxvgsen* A carbon dioxide increase 
and an oxygen decrease were expected# Perhaps because these 
changes are so easily anticipated very little literature can 
be found reporting these values during blood stagnation* T h m  

reports of asphyxia may indicate t h m  trend* In ten minutes of 
asphyxia the oafbon dioxide Increased about 2 $  per cent and 
the oxygen decreased from 18 vol* %  t o  0*33 vol* 3 as reported 
by Herber > 2 $ } *

Reports of the normal carbon dioxide and oxygen values 
of dog venous Mood are very few* Dutees (107) reported for 
normal dog venous blood m 0 %  value of 1*5*3 and for 0# 11*9 
vol# :3* Austin al* (99) reported about J|1 vol* & of COg 
for venous blood o f  dog*.



So correlation could b© seen between the- carbon dioxide 
and oxygen shifts or the carbon dioxide and chloride shifts# 

Acidity* An increase in the acidity or the blood was 
expected on the basis of continued influx of* the acid assab&be- 
11tea from the Involved tissues.

Numerous tests were mad© on the carbon dioxide combining 
power of the blood which revealed a decrease in ©very ease 
during sto _,natton thus supporting the observation of a pH 
decrease* rheme valuea were not r@corded In this study because 
of the possibility o.f inaccuracy ffrom exposure to the atses* 
pher ic gases* Moore and Greenberg C2I4J reported a much more 
drastic reduction of the cardiac blood In shorter time (pH 
drop of 0.22-0*81 in 3-9? during coronary artery and. vein 
occlusion than the mean pH 0*lf> reduction found In the present 
study* During asphyxia of the dog for 10 minutes there was 
a drop in pH of 0*26 (23)*

The pH value of normal blood found in this present 
study* pH ?*3l|.*im within the range of means* pH 7*1-7*68* 
r e p o r t e d  by o t h e r  in v e s t ig a t o r s  (23* 5 9 *  80* 9 6 ) *  Thar©  

a p p e a rs  to  be a relationship between th e  pH and th e  c a rb o n  

dioxide change b u t  th e  sam p les  w ere  to o  few  to  make a s t a t i s t i 

c a l  a n a ly s is *

Soecifie Oravltv* The increase to the specific gravity 
of the blood is normally produced by an increase in both the 
packed cell volume and the plasma protein concentration* TMa 
plasma protein concentration almost solely determines the 
specific gravity of the plasma* T h e  specific gravity Increase
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is m result of fchm loss of fluid from the blood* Plasma 
proteins in general appear to be retained within the capil
laries during light vascular compression while the fluid mows 
through, the wall* The increase of the plasma spool fie gravity 
reported by numerous investigators (7# 51# 52) along with this 
present work would support IM.s view* The 29 per cent increase 
of plasma protein is .greater than the per cent increase of 
both the hematocrit and the erythrocyte during stagnation*
This feet is difficult to reconcile* It was previously sag** 
gesfced that the Van Slyke j|t ai« method of hemoglobin and 
protein determination from the specific gravity appeared 
somewhat irregular when applied to dogs* Perhaps this would 
account for the difference between the hematocrit and protein 
increases* If not* then In searching for & possible explana
tion it .may be suggested thata (1) the leucocytes which de» 
creased In numbers disintegrated releasing their proteins 
into the plasma* (2) small numbers of erythrocytes also re«* 
leased proteins into the plaexsa which would account for the 
decrease in erythrocyte atzm, and* (3)* protein entered the 
capillary from the lymph spaces* This latter im very unlikely 
on the 1msis of previous evidence*

Thmn, in more sever® caapresslon some plasma protein may 
escape from thm capillaries* This view Is supported by the 
work of Lendls nfc si* (5)* it is rather evident from the 
previous paragraph that up to 30 minutes of complete stagnation 
there was m> protein lost from the capillaries of the dog*s 
Mud limb*



Berry £t afl* (?) duping 5 minutes of venous compression
in the huaan obtained a plam m specific gravity increase of 
0*0012 1b eomparlsori with. 0*005 of the present study* A t the 
nan® blsae he reports a plasma protoin increase of 0*29 ®g*;l 
in eoapayison with 1*7 mg*:$ reported in the present work 
which is also considerably more than the 0*9 increase
reported by Swingle £j, al* (20) teiag 2*5 hows of complete 
stagnation in tbo dog* -4 total of 5 hours did not increase 
the protein concentration above the previous level* This 
latter fact demonstrates along with the hematocrit changes, 
previously discussed* that the greatest heir^concentration 
resulted in the first 1*»2 hows of SQ application*

The reports of plasma protein changes, following the 
release of the TQ, are contradictory* Tba plasma protein,
$ to 6 hour® following the release of the Th & have decreased 
In the rabbit (2 2 ) h u t increased in the dog (20) • Moore C13) 
reported that after release of the TQ, from the Mn&limb of 
the mouse the aemm albumin decreased while the globulin in» 
creased*

The hemoglobin content of the cell remained unchanged 
during stagnation according to the method of Phillips <gt> al* 
C3i|3* this method ..gave very irregular results with this dog 
blood when it was used to calculate the hematocrit from the 
specific gravity of blood and plasma which could hm compared 
with the measured hematocrit values* Thm calculated homo** 
glebin value of 12*3 of-the present study (fable 12) 
ooispares favorably with the 13*0 gm* reported by Pukes (60)*



5?

Bo correlation could be- demonstra bed between the spMlfle 
gravi by or blood or plasma bo other factor a studied*

ffi© norstal »tn blood specific gravity observed here was 
1*050 which la at the lower border of the range of smm&M 
(!«05>2*»1«06O) reported by numerous workers <50* 57* 6o# 98* 
107)* m# normal mean plasma specific gravity observed tier* 
was 1*023 which is within the rang# (1 *0205*1 *0256) reported 
by nisaeroua workers (?# 6o# 98)* Likewise the normal mean 
plasma protein value of 5*9 (fable 12) la within the
rang® of means (5*7-7*08) previously reported C?* 20* 50)*



S U T M E Y  A W  C0IICLUS10HS

i* Blood studies ware acid® ©n 26 samples from the hind 
Musis of dogs comparing blood before sod after 30 a&imtea of 
a tight touraliiu*t application to the limb end the following 
ofeiiptatiQiM war© made*

2*- Thm ©aptilary end erythrocyte peraeaM.ll by were 
altered during the a fe&gnation of blood*

3* A hem®ooneer to a ti on developed as a result of ex** 
eossl’sr® fluid leakage I t e  the capillaries during stagnation 
as revealed by«

Cm) A 20*2 per cent increase of** the hematocrit 
value

Cb) A 2^*3 per cent lamas® 1b the erythrocyte 
count

Co) An izkoreaae of the a peel fie gravity of* the 
whole blood: from a value of 1*050 to l*05t3 
and of the plasma from a value of 1*023 to 1*026* 

4* T h m  erythrocyte dtolniahed la else from a xaeen eor*» 
puseular velum* or ?%*? to 6?*1 eu# si crons* this
loss of alee was aceesqpli shad partly by the lose of sugar* 
potassium and fluid from the cell*

5* T h m  number of leucocytes found in the stagnant 
blood had decreased 35 per. cent from the- eapeeted value 
which m s  based on the hematocrit increase*

(a) fhs neutrophilic leucocytes were lost in
largest BOThers followed by the eosinophilic
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and smnounele&r leucocytes .
(b) The X os© of leucocytes from tho stagnant

blood la largely the result of diapedesls mid
may be partly duo to the destruction of t h m  

©alls in the blood*
&* The eoneentr<3. tion of the sodium in the blood da** 

creased largely as a result of a decrease of the sodium in 
the plasma* This .stxggoats that the fluid that escaped fro® 
the capillaries contained a higher sodium concentration than 
did thm- nomas! plasm*

?• Baa potassium ions were lost from the blood stream 
largely at the expense of the blood cells during the stag*** 
nation of ‘the blood, There was an. 00 per cent reduction of 
pot&salua concentration from its expected value in the blood 
coll.

8* flie chloride eoncentr&tlon of the blood increased 
during stagnation largely through a 39 per cent Increase of 
the blood cell chloride content*

9# The sugar content of the blood decreased 1.5*2 per 
cent during stagnation*

10* The plasma carbon dioxide content increased 10 p m % >  
cent during stagnation of blood,.

11* Tbs total blood oxygen content decreased 30*5 per 
cent from normal to stagnant blood* Howewer* there was a 
6!| per cent decrease from the expected value which was based 
on the erythrocyte increase in the stagnant blood*

13* A slight usieoKgMnsated acidosis or acidemia developed1845X9
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in the stagnant blood whicfr is revealed by a pH dropped 
from a ntean ?«3t to ?*19 during 30 migrates of stagnation.

13. the calculated plasma, protein concentration in-
creased P#p cent during stagnation of b lo o d *  This is
slightly greater than erythrocyte count mud hematocrit in
crease#

14* there was little tkmmmtmtrable relationship between
the changes of any of these factors during stagnation*

15*  One t o g  s t u d ie d  d u r in g  TQ, a p p l i c a t i o n  o s#  and on e  

half weeks before and then after parturition rewaled con
siderably different results from the other animals* These 
were* a low hematocrit* a da crease of the erthroeyte count*, 
a considermble increase of the M*C.V** an Increase In the 
leucocyte count* an increase to the sodium content ©f the 
blood cells* a large Increase of the plasma chloride concen
tration* a large decrease of the oxygen content * and an In
crease above average of the plasma specific gravity* More 
studios are needed on pregnant and post—parturition animals 
before any conclusion may be mad#*
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