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The blood as the maln media of transier of ionic substances
to and from the tissues is normally in constant movement through
the vessela. Any interruption of this flow may be followed by
a change of concentration of these ions in the blood. Thus the
tonic concentration of the blood substances, normally very care-
fully regulated, may be alterad considerably: however, there
is a limlt bevond which 1life camnot exlist. These changes an e
to be closely related to the lenzth of time of the Tlow inter-
ruption. The official first o2id ftrentment for an injured 1imb
allows the apolication of a complete touwrniguet for 20 to 30
minutss {(1}. In surgery, such as aortic grafts, the blood llow
to the lower half of the body may be stopred for 20 to 50
minutes without lethal effects (Z). During wars llumbs have been
lost 2imply becnuse a tourniqguet had besn applied too lonz (3).
There are mumerous diseases that produee a slow or limited
cireulation and others that allow vooling of blood in various
aress of the body. The blood cells move sluszishly and pool
in some of the larper bleod vessels {l,%). In the standing
poslition there 1s a tendency for the blood to pool in the lazs
and at the asame timoe f1lter Ilntoc intercellular snaces with the
result that the volume of bloed returning to the hesrt is do-
ereased below that of the reelining sosition. In Lthe cose of
sreatly impalred venous refurn, thwe blood may nool in larce

guantities in the ovardlstended and weal wvaricoze veins, This
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on 1l-fitding chairs
vhen the odse of the c¢halr zebs as s partial tourniguet,
Srossins the legs marv also croduce the came elfeet.
‘e litersiture citsotions of blood studlies during blood
stopgnetion avre very few. For this resson they are included
in this intrpductory zection. Isclated studles have been made
of the effect of wvarioua ner’ods ol blood {low stonpare on 2
fow of the blood constituenis., One of the first changes that
may take place is an increased capllliary Illltratlion of fluid
feor: the plasma {5 < 11). Thls resulis in a hemoconcentration
of the solid elemenits and the dissolved mwledules of large
sire {7, 9, 12)e In a mors complete or lon-er period of siag-
natlon a2 seall amount of olaosma protein may £lso move throuzsh
the eanillary intoe the tissue (8)., This iz primarily albumin (13).
The sodiw and potassium content of the blood changes,
denending on the type of Ylood stagnation - arteriazl, venous
or complete., Daetler (1) by redueing the volume of blood in
the 1izb of cats 30 per coent by hemorrhaze Tfound no increszse
in the potasalum of the resmaining blood hut after z 90 per cent
rednuction, a O0 per cant increase in the pobtassium concentration
wag observed. TVennlis and Voore (15){é@part@d e inereanse of
13e3 m3. £ {50 per cent incresse) dwrinz 5 - § minutss ol
myocardial izchemlas of the ecat and doz followlinz llioation of
both the coronary arteriss and veins but no change afber Licution
ol the coronary velns and not the aritsries. Parber et zl.(iy
similarly reporbted that there was no change in venous plasma

oobtassiam Jdur’nes verncun si2sls of btwoe mlinutes duratlion in the
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hmen. Laufman et al. (16) reported that during & 50 nor cent

regtriction of the infericr vema cava of dogs there wag an

increase of sodilimm ang potssslwma in the sermum. In o gpeclal

tyne of partial venous stagnnblon in humans, congestive heart
fatlure, the values of both sodlwm and sotnssiwm in the slacma

inereased (17, 18).

Berry gt sl. (7) are Joined by other workers in reporting
an increass in seruw protein, hemogleobin (20}, speclfiic pravi-
ty (21, 22) and pocked cell volume (20, 23) in the blond of
concested vessels. Landls et al. (I) hod previously rerorted
that a 80 m. Mg, commression will prodiuce a 1.5 ner cent loss
of proteins from the nlasma.

The acildity of stagznont blood in the cat and dop Inerenssd
during a2 combination of arterisl and vencus ligation, Tuaring
only venous stasnation for 5-7 minutes no change oeccwrrod as
renorted by Moore and Sreenbers (2L). Similarly, durin
aschyxia, the blood decreased {(23),.

The blood suzar lnecreased In man during the bezimminz of
venous stagnntion but then later decreased, whereas, during the
use ol an arterial tourniquet for five minutes, 1t changed
very slishtly (25).

Senorts on The caorbon dloxide ond oxXygen changes in the
blood durling stagnation eonuld not be found. In the case of
sanhyxia the oxygen saturatlon decreasss and carbon dloxide
gaturation inerenses (23).

Hater and salt move Ironm the blood plasme indo the tiasues

in vencus stasls thuwe reducing the chloride concenbration (6,25,2



A% the smme time there ils o galn of echloride lon in the
eryithrocyie.

Marmy of the above resorts deal with only one or Ltwo
faptors. Thus sodium snd potassimm, which are generally lne-
verasely relsted, should not be studled singly. "I+ ie imporiant
to consider the pathology of the blood as a whole ™ (23). In
many cases nathology of the cell may influence the plasma nnd
vice versa. 4in some cazes, the albteration of two components
may be concomitant, while in other cases the alteration of one
may produce an alteration of the other (28}, In most cases
aither the total blood or plasma was stuxlled individually so
that only the general movement in or out of the blood stream
was detected., Llittle 12 known about the exchange of ions
between the blood cells and the plasma dwring stagnoations

There has been much variation in the typez of blood
staslis used n previous work, whilch conld be eilther partial or
complete, of elther the arteries, or the veins, or both, The
tyre of stasis emoloyed makes o conziderable difference in the
final dleood composition (7, 8, 24, 29).

The purpoze of this work was to show a more complste plee-
ture of the changes that take place between the blood cells
and the plasma and between the blood and the tlssue during come
plete stagnation of blood for sbout one~half hour in the hind
lez of the doge

The terms stognation, stasls, stoprage, ligation, corpres-
sion, and ischoemia have all been used by nrevious authors to
indlcate o« partial or comlete interference with the blood {low

and will be used Iregquenitly in this naper.
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4 total of 1 mongrel dogs welghing between 30«00 oovids
each, in a post-absorptive siate, were subjected to 20-3C uin-
utes of tourniguet application on the upper part of the thigh
close to the hips. Host of these animals were used tThe second
time, 2-l. weeks after thelr first experimental run thus giving
a total of 26 experimental tests. The contraleteral leogz was
used for the zecond test.

The T {abbreviation for tourniquet to be used herealter
in this revort) was a2 simple strand or two of flexible & rmm.
rubber ftubling siretched and wraprped very tightly around the
thigh and held together by a strong hemositatice forcepsa. The
T was suwrorted on the leg by an atitendant who kept constant
wateh that 1t 4id not loosen or slip down the tanered lez.
There were cases where the animals were eszpeclally quiet so
that & gspeciamlly bullt table platform could be used which
supported and maintained the T. in the upper thizh area. Iven
in these cases someons was in the immediaste vieinity to keep
close watch on the ™. In two cases (animals 620 and 79) the
T8 broke 1n the middle of the experimental period but was re-
adjusted within 30 seconds. This was followed by 20 minutes of
corplete stapnation.

Some dogs rarely moved thelr less while othsrs rmoved them
gulte freguently; some appeared annoyed and others in definite

discomlort. In two or three cases the T was removed alter 20
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wmintes becausd of oxtress aanoysnes, In zoneral, Lhe antmels
were guled and calm. They had been cared lor dally by the
eiserinenbor for a 2ericd of 20 montns sreviouns to the sxreri-

ment and had become very res.onsive to Dis volece so that a lew

zenble words from him would reasswre then., This Is $the Iactor,

in many caszes, that made 1t poscible to merlors this experiment
without anesthasie.

Soenstant checks wore made for the sions of complete sbale
nation -- considerable cooling of the asikin and abgenee o7 a
nulze. There ls a nossibility that when the doos moved thelir

lexs o wery zmnll guanitldy of blood was loresd throusn the

&
(34
£
8
2
i
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the »erlod just srior to T remcoval, 20 ml.
of blood were wlithdrown, dlsbtal to the T4, from a suerfielal
veln whiech was quite distended zand tender by thnt time. A fow
times the T wag removed lor one sscond and with one swilt

sitroke ol the hand, thwe veiln wnas mussazed in the Jdirection of
the heart. alter the 7. was reapplisd the saole was wlthdrown.
This procedure was trled in an atbtempt to get pooled emnillary
blood whieh has been subjected toc o longer perlod of lonic
anchangze in the tissues,

A econtrol sample was drawn frowm thoe contralateral legm
30=50 minutes before the T was established. This was the
lenzth of Time necessary to bezin the analysis of ifhils blood.

in some of the rums a zamle was drawn from the contrae
lanteral lsy immediately befors the 70 release.

The samsles were w!lihdreawn inte o 20 i, syringe sealed
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with zrease. The syringe coniained =iy drows of heparin which
was the egqulvalent of 5 mgm. Ons part of thoe samole wap lre
maediately injected under oll through n long needle into z test
tube, and another part of the sample wes placed inbto a centxl-
fuge tube and centrifupged for 30 nminutes =t spproximutely
3500 pome

Twelve factors were studisd Qwring sach of the first few
experiments. Since conziderabls timw was requlred to uoake
these tesits even alter wvery careful plamning i1t was feared thatl
blood changes may teke »lace which would albter the Iz vive
picture. or thils reason the factors were divided Into twe
orouns, and only one srous of factors was tested on each
exverimental k.

Une groun consiszted ofd

hematoerit total leucocyte count
suzar differential cound
chloride pH

erythroerte count speciliec gravity

The second zroup included:

henmatoerlit carbon dloxide content
sryithrocrte count sodiws
oxyzen content pobtagaim

The henmatocrlit waz determined br two methods: Yintrobe

and Yan Allen. (30).

values rom the Vintrobe method were
used asz the racked cell volume, excert in o fow cozes where
there was inauffiﬁi&ﬁ% blood, at which tine the Van Allen method
was used.

The erythrocyite and leveocyte counts were made on the
hemocytometer using the standard methods (30). Tor 4ifferential

leucoeyte studles Wrizhts staln was used. The lymphosybes and



monoeytes were counted as wononuclesr cells.

The scodium and rotassium were analyzed by the Sarclay
flame apectrophotometer using the internel stendard (31}. The
amownmts of thesse ionz in bhoth whole blood and nlasma were
deterained, The blood ond nlasma were dlluted by llthium sule
fate and water as soon as nosaible after withdrawel {rom the
dor to nrevent erronecus results from shifts of lons between
the plasma and cells. Zometimes the dlluted sample was relrige
erated for a day prior to znalysis.

The amount of scdlum and potassium in the erythrocyte was
caleulated fronm the plssme and blood velues on the bazxis of the

matoerit reading,.

The cohloride lon in plasms and whole bleood wae analyzed
by the method of Lchalen and Schales as outlined by Hawk, JOser

rson {32) and Simnons and Sentzkow (33), respectlvely.
The smount of chloride ion in the eryvithrocyte was caleulated
fror the measwred valuss in the vhole blood and -lasma on the
basis of the hematbtoerlit. Dunlieate samples whieh were run
{requently gave similszsry rosults.

The susar content of whole blood was analyzed by the method
of SomozyieShallereiartmann, as osutlined by Hawk, Jser and
Sumeerson {(32). TFregquent duplicate samsles revenled zinilar
values. OGenerally two standards were determined and ithe averase
value used.

The carbon dioxzide and oxygzen contents of the blood were
analyzed with Van Slyke menomedric gas analwsis ennnratus by the

nethed reported by lawk, User and Suwmerson {(32). The oxyagen
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absorbent used was the specisl oxygen reazent contalining potage
sium ferricyanide.

The »H was determined almost immedlately after withdirawal
fron the veln. 3Sometimss the sample was first plased under oil
and other times 1t was imowdiastely placed inte the anslysis
chomber from the nesedle of the syrlinpge. The Coleman eleciro-
meter was used,

Tne specific zgravities of the whole blood snd the plasms
was detsruined by the copper sulfate method of "hillips gt al.
(34).

lumerous preliminary enalyses were mmde for each factor
studled on known solutions a3 well as duplicate blood samples
Lo 4$83uPre ACCUTrACYs

211 animals were gensrally observed duwring and after the
experiment for edenz mnd pny sipgns of shock or irpaired

funetions,.



™e nacked cell volume was Jdetsrmined on

evory anlmal. The msan value for 20 animala before T applicaw
tion was LO.l ocompared with }3.2 after T applicstion, (Table 1).
Thls 1s a mean incresse of 20.2 per cant. Only one of the
animalsg, a pre:mant female, showed a decreaze in hematocrlt.

Blood wasg drewn from the conirslateral les before the T2
was removed. In flve cnszes the hematoerit had not changed or
it changed only slicshtly Zrom the normal control value. In
two cases the hematoerit value was about halle-way belween the
control and experimontal veluve,.

The Yintrobe and Van Allen miero methods were used for the
hemateerlt determzineiion. The ¥azn Allen methed o2ave alishtly
lesz pacled cell valuesz but there was not o eonslstert decresse,
Since any lnaccursclies are anrlifMed wieon workin,s «16h nlerow
mathods, the resdings “rom the Wintrobe tubes were used generally,
with s few excepilons, vhore only small guantities of blood were
avallable,

cytes. The number of erythrocytes per ou. mue of

bled ineresged in savery caese but one dur’n, T aonlication. This
onn case was & posbeparturition dog {Table 2, animel 626)., It is
augnested et IF g count wo 1d have beesn made on this same

animal when 1t was uze? the fiwgt time Tor an ernerimental run
wiile preznant, a deersase in the erytivocyte count would also

have been reveszled sz nce Lthore was o deereass 1n the hematocrit



Table le Homatoerit  Changes

Per dent
Aninalsl Pofore Ti. After Tl 2lange Jharge
31;..?5 5';.3
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RO ZZe2 P 15.2 el
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#  The ani~als bad been nuubered originally by the Jdate that
they wore uped and the pase nurbers were naintained here for
realy reference Lo these dats sheels.

#2  This is 2 pregnant dog about 11l days before parturitione
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(Table 1, animal 68), In general, howsever, the erythrocyts
count rose from s mean S.71 million {range 4.657.2) in normal
blood to 7.1k million (range 3.95«10.0h) after TQ appliocation
(Teble 2). The mean per cent of increase was 2.8,

T™he size of thew e vte seems to diminish duwring stage
netion as suggested by the dirfference between ths per cent of
inereass of the erytimocyts comt of 24,8 and the hematoorit
inorease of 19.4 per cent. In order that the cell volums remain
the zame thess valuss should ineresse in egual amoumts. Also the
mean corpuseular volume reveals a decrsase in 12 out of 16 cases.
The mean normal value obtained hers was T4.7 cu, miarons while
during stagnation it dvopped to 67.1 ¢u. microns, This does
net inelude animal 626, the posteparturition antwal, and antmal
62l, voth of whom had a large inoresse of the M, €, V. Statistie
cal znalysis of the difference reveals s Stevalue of 3,50 whioh
indlcates significance at the 1 per ewnt level (35).

There was no 1w reity of total eell count on samples
'tmtmmmm&ml w., Inmmthmma
ammm w: mmem. an increases equal to the

experimental values and.in another case, no shange from the normal
eontrel value, o

m total mumber of lsucocytes in ons cu. am,
g slly decreassd during tourniquet applicse
ticn. This decrease has a mean value of 5.5 per ssnt (caloulate
ed from colunns 1 and 2 of Table 3). The tetest, however, ine
dicated that this is a nomesignificant dlffevrence (35). There
was an inorsase in 6 out of 18 animals, Since sn tnereased
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erythrooyts counts were caleulated and the difference between
these expocted counte and the actual counts efter towrniquet

W&mﬁm nave boen determined {Table 3).

The d1fference between ths expected oeunt based on the
hematocrit inoreass end the actual count after tourniquet applicas
tion revealed a mean loas m‘:m&z lsucocytes por ous M. of
stagnant bloode This 13 a mesn loss of 23+9 por cent of the
expested valus, UThen the insrease of arythrocyie count wes
used to indicate hemoconsentration instead of the hematoerit
there wes s mean loss of 3359 leucoaytes per cu. mm. This is
20,1 per cent of ths sxpeacted laucosytes.

The type of leucocytes lost was predominantly neutrophilie,
asmmxmwamamm count decresss of 6,1 cells
imk); Ms,; hmiw mnmmmamm
wmmwumma Mx‘mg mwmtm:sbmm
nmtarmefmmmm thnwawm:aw
in nusber the least of the oslls. The mean mmber of neutrophils
sosinophils and mononmuclsar cells found 1in normal contyol bleod
was &?&, 7.6 ana &,&, respectively.

2edtunm apd Potaggluge Sodium and potassium tests were mde
mWW&aMM&I&m&@ On the basis of the packed
osll volume the smount of thesze slectrolytes was mew in

' nroeyt Thas a change of coneentretion of these ions
betwean the erythrocyte and the plaasma,
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) 3 - “ e P
Based wu Chanoe
A P e O %
of Jermpitoorit

CHANGGS

b T SR =
Tifference

3 taeen
capected and

ACttual Count

zrpected Count
3ased on Change
of -rybhrovytes

Difference
Jeteaen
mapocted
and Actual

Count

59 5780
520 172275
66 11750
612 10375
617 13775
&1a 1h75
£2h 13775
it 11927
627 15350
1% 10300
ks 1135¢
715 25900
715 A&y
714 23550
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723 13500
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130 13325
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T 1i1k6

Fange 17275
5o L356

4.30,932 for coluun 2 and 3 8

15525

15137
12952
11662
19100

P,
G50

23979
13326

13450
3934

#] post parturition animal

&

1,L23

14327
15821
213109
15156
13506
21241
13200
27313
12350
1241k
31509
11123
23119
1&333

{797

¥nis is non siznificant

- 2223
- 102
- 8321
- 239
- 1766
- 4581
- 3766
+ 2325
-12166
+ 590
- 1152
12509

7958
Y, e
- 1ids

12,15,
18,603
l?,ﬁﬁ%
22,565
16,227
1,218
1h,333
13,506

12,133
13,121

234330
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Ui, 910
23,235

R

250261
15,685

ab the © porcent level.

- 2934
- L7l
- 995k
- 5415
- 2827
- 5653
¥ 2592
+ 1519

+ 817
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5030
23

5927
5370
5639

53750
- 335§

tt Y i
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Yeutrophil Chanpe

coginophil Chanse

LRI L LIRS | ARSIy L L TR & i Sl ER SRSVt
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dononuelear Jell Total wucoeyle

Animal Sefore  After ___before After sefore After Chane Jefore Alter
7 =IH 57 51 &) 17 6 - 1l 25 343 35625 52050
7 -5 Gx 0 -1 2 3+ 1 17 17 ¢ 25,900 15,100
7 =10 & 54 =10 b 3- 1 32 L3 #12 11,350 11,562
7 -23 6l L7 - 17 15 174 2 2. 3645 13,500 12,825
T =22 53 - 4 3 114 3 39 Lo+l 12,330 18,206
7 =13 77 67 - 10 5 3~ 2 1 30 12 20,550 15,850
7 =29 66 62 - I 6 e 5 23 27 -1 11,900 9,600
7 =30 78 n-1 i 1-3 13 22410 13,325 12,550
81 Sl 591 « LS 61 5 - & 93 2L 55 11479 108503
T §.5 Glde bl Tu6 6.90.7 2 3L 1685 13,562
range 24 31

Seba 18.2 1.1

t - 2,557 for the neutrophil count chances, This is significant at the 5 par cent level.
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ard also the plasma and the sxiprsvazcular area. Iy determining
the concentration of the eryithrocyte and lasma soparately on
the basls of hemstosrii cringes 1t was nosgsible to determine

whebther any snllt ol fons was dus sinply to the movenent of

?"2

fiuld from the blood wakting wiih 1t 148 noarmal coneantration of
sodivm or pobascium, or whether the actual concaniration of the
reuaining blood had changed. The measured wvelnes wers sodlum
and sotasaius in whole blood and in slasme and the e oatocelt
readlinge The remalning values are caleulated {Tuble U).

There was s decresnse of Louh sadlum and 2otlzzluld conGenw
tratlion in the total hlﬂad sand in the plasrm. “he wvalunes for
godlem in the Dlood dronped 3.0 ner cent frox the conirol value
of 1234 to 12L.5 mig.: snd in the plasma, 3.0 ner cent from the

control value of 1L7.5 to 3/ 3.2 mig. {Tables T and 6}, “The

b3

value o nobzszium In the bloocd dronned 33 por coant fron T3

*,

to Le7 wilge; in the -Lasma, 10 per cent, o 5.7 to A0 mUQ.;
in the blood cells, 77 ~er cent from an sxne~tsd 6,2 o 3.b
\,ﬂfﬁ. Ia the normal O fhe guantliy of catrzeliem Prond in the
erythroeyies 1y almost one and one Mnlf tlmes that foimd in the
»lasme (Table 7). Thiz ratioc decreased dAurin< siarnntion of
bleed., The guantity of z25diam 1n the cell 15 normelly about
ey e quontlts of »obgastur In the cell, ™in value
Inereased during stamation of blood, Ths susntits of sodium

the nlesma is normally sbous 2L $laes sreaster tharn the sotassium
in the plasma. This inereased 211hily duriac stosn-tion. The
guantity of sodliun in the »lasma 1s noromllir abont two Limes

mreater Than the sodl m In the sprthrocyis. ™Mle deerenzed



Table § Sodium Changes in the llood

Andmal Tlood Plagoma Sodium  Sodium in Plasma of Lxpected Sodium
Sodliun , nefare alter 1000 cc. af Slood in Hlasas of
Telore &l ter belore alLer 1000 cec. of ble
arber To.

BT CEC LY am b P Ly sET AR
il - albel o e ey w el @ v @ leeg w

55 1I21L.%  125.0 1h3.7 o

126,85 125.0 13L.L 0 132,38

52{) 12"2 43- 123 14%?,%*“‘-3 l:i‘j-{) ?‘:}-a .?E.; .2 ‘, E';cg
EEB 1?*3.'} 1&1 1}3.1 }.33.? ?4‘-&‘? ?303 w‘(’;cff‘

&4 129,1  120.3 UL.7 0 139,10 0.3 £2.0 5342
£13 137.5 125.0 1hé.s  1hw.3 181. 7.0 The®
420 132,88 317d.2 192.3  130.5 105, 8647 377
710 125,00 21h.1 181.% 0 127

v 120.3 115.5 1h2.1  1i85.9 90.¢ G5 03,2
ceim 103,00  120.3 137.5  13L.hL 59.0 92,7 Gie9
&27 120,3  111.0 137.5 125.0  B83.2 5740 6247
745 132,40 113.0 185.5  1hf.e 86,9 &l 68,7

?].{3 1370.!; 12606 lg?czt 3.?.552*.‘7 9332 %3 nﬁ}

7 128.4  12k.6 1hWT7.5  1h3.2 0 85.7 68.5 705

wk post parturition animal - has not been sveraged in with the other

resulis,



Thange oilae Hae in Jalls Expected Wae hange of Total “hange
concein Flasma in 1000cc. of in JB8lls of g.oomicein of Nae fronm
of 1000 oc. of Fhole Rlood 1000 e of alls of 1000 cee of

Stagnant Slood Blood 1C00ecs of Blood Femalne
belore alter Blood ing at the end
i : - of 1T applicaw
Uil WG ARl HE B L
B 4809  4TeB 5240 o2 ~ie®
Fed 50e8 4847 5G9 - EeB - 2ak
- L2 476  T7e1 611 15840 1te8
- De& 5641  51.0 61.7 107 1148
- 1.0 7Te7  91aB 93.1 - L8 - 2.5
1143 4%.9 B35 4945 4.0 - 743
2.2 254  50.2 4543 4o¥ 7ol
- 2,2 del  27.8 4.4 2347 21,0
- 5.8 37¢1 5440 " 531 249 - 25
- Ta? 5242 570 B3 - Te3 1540
- Gl 4443 5840 58e 7 1.9 -4

- Dabd - Ny Foab 58.2 - (32 - g 56



Table S. Potassium Changes in the Rlood

*otaszium Trnected
in plasma Potassiunm

Animel Blood Potasaglum

of 1000 in plasma
A afver T4
BeTore ALber Sefors M‘&m’ Baforo ﬁﬁii‘i;mw
T Qe m%a 3 mice ﬁﬂ“l@i g, . S .
58 9 605 Lol L7
2 La0 12.0 8e0
520 g 5e5 8.9  S.b 5.0 2.9 L.8
523 & 3.5 6.1 h.2 3 2.1 3.1
6l 5 3.3 640 1 3.k 2.0 27
R 3.5 3.2 75 4 he2 1.2 3.3
£20 13 11.0 8,9 8.3 he9 3.8 el
710 7 3.5 6.3 L.6 3.6 2.2 362
b2l 605  LheS Bl S5 3.5 2.k 2.h
626"Y 6.5 5.0 5.3 6.7 3.7 L6 3.7
627 7.5  b,0 5,8 Te2 3.5 3.3 2.6
7i5 5.8 Le? Lav Tl 2e5 3.1 240
716 ba5 3.7 6.0 ba5 35 3.0 2.8
bd Te3 Le Ha7 Y 3e7 243 Sed
#k

rostepgrburition animel



Chanze of ¥ X in eellas Hxpected Chen~e of Total loss
concs in in 1000 ee. K in cella X conc.in of X from
nlasmn of of whole of 1000 ca. eellz of 1000 se.of
1000 cc. of hlood of bloond 1000 ean. Plood remaine
starnand of blood inz at the
blood and ol TY
annlication

Bafore Afteor

e, miiq, mEd, g . mio. nEg.
- 1.9 245 Lo 2.7 + 1.3 - 0.6
- 1,0 3.3 2.1 3.7 ~le3 - 2.3
- 0.7 3.3 2.3 o2 - 2.0 - 2.7
- 2.6 Galy 2.6 7.0 - Loy - 7.0
- 03 106 Fal 12.7 - 3.6 = 3.9
- 10 Se2 2.0 58 - 3. - Lol

0 Le7 3.3 T3 - Leo - 4.0
+ 09 o6 3.7 Sl - 1.k -~ CaS
+ 0.7 SeT 2. 79 =~ 545 - 1o
+ L.l heS 3.2 Feb - 2.4 - 143
+ 0.2 L8 23 6.1 - 3.8 - 3.6

- ngiﬂ 519 3025 6#2 - Q,{% w 3.2
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during stagnation. The amount of sodium contalned in the cells
found in 1000 ml, of blood incrsased Irom Lb.l =¥g. in normal
blood to 56,1 miEg in stagnant blood. &t the same time, there
was an increase in the soncentration of cells in the blood
dupring stagnation. Therelore the toial amount of sodiws cone
tained in the cells of a unit volume of blood was excected to
inerease in progeortion. In order to deternmine whether there
was actually 2 change in concentration of the sodium, the per
cent increaze of the cells smst be multiplisd by thelr original
sodiuwn gquantity to determine the expected sodlum ceontent of the
cells, The difference between thia wvalue and the sotual value
wlll reveal the smount sa'ned or lost by the cells, In siz
animals there was a gaini in flve, a loss of scdlws Irom the
ceils, (Table 5). These individual cases revealed considerable
variation indicating that sodium ¢ould move elther in or out of
the cell. There was a slight statistically nonesignificant
overall inecrease of sodium in the cell,

in the same manner that the actual loss of sodium {rom the
cell was debtermined, the notsssium chance was also calculaded.
in ten animals there wes a 1083 and in ones animal a ~ain in the
potassium content of the blood cells during ithe stasmation of
blood by a complete tournliguet {Table 5, 6.

ihe plasma volume, bSein: inversely prorzortional to the
paoked cell volume, likewise cuanged during stagnation {Table 1)
thus requiring calculations similar to Lhe ones sbove %o determine
any change in the aciual concentration of sodima and poiassius

in the plasma of a unlt volume of blood. The sodiwm and potassium
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contained 1000 ml. of normal »lasms were each multizlled by
the per cent of plasma contalned in the atagsnant blood to deterw
mine the expecied amemis of sodium and potassiuzm on the baals
whnt the setusl soncentration does not chanse. This expected
value is corpared with the actual amount of these lons measwred
and 2 ~aln or loss deternmined. In eolght animels there was a
inss, in two animals o onin, and in one animal no change ol the
plasma sedium. Jor plasma potasslum there were six animals
with a loss, four with 2 zalin and one animal with no change durlng
a half® hour period of complete stagnation. Then those separste
chanzes of electrolytes In the plasms and the cells wers averaged
the mean loss of sodiwm from stagnant blood was S.7 mig. per

1000 ml, of bleod.

Table 7. Chnanges in the atlio of Sodium and Potazsivwm in the

Ilogd
bl B e bal Literp
dadle L In plasza Lo e TN o 3
X in ervihroocyte
contalned o L ocee ol wholo Dlocsd
datlo i An weryvtheeosvie So 0.117 AL
v " “
Eitc )
fatio X in plasma to Teh2 0040
Ratleo ¥a in planme 14955 1,255
Ha in earvthroevie

e chloride eontent of the bHlood was

mesgured as godius chlovide. The blood remsining in ths vezsels



after 7Q application contained 16.6 mg.% less sodium chlorid

than the nowmal blood, This was largely at the expense of the

plasma. At the same time the sodium chloride comtained in the

cells found in 100 ml. of blood increaszed 6hB per cent from

5749 to 98.4 mg.d (Takle B). To determine whether this incovrease
nge in packed cell volume alome or also 6o a

expected amount of a@&im chiloride based m the Mat¢M§ 18w
Crease WS M%am%’ ™is was compared w&ﬁ?z the mi-ﬁ ng value
which M an ineregse of 29.9 mg. of t@éiw& chloride in the
erythirocytes domtalnsd in 100 ml, of blood (Tabls B8)., Likswise,
the expected plasma sodiux chloride value wmas calenloted on the
baslis of the ;émm, volume change during Mzggaamm; A ﬂiw
loss in comcentration in the plasma of 4.8 mg. per 100 oes of
blood was revealed. Then theze ocriginal concentrations of
sodium ehloride in the blood cells and in the plasme were some
pared with the expected value based on & change in the amounts
of blood cells and plasma found per unit volume of blood, an

se of 25,1 mg. of sodium chloride per 100 ml. of

1 was found. This was duwe to a L3 per cent increase of
sodium chleride in the blood célls,

Sugay The sugar eontents of the blood decreased Quring
,_5mm£ w of- am&aw smmﬁm bs' a W 15& rg.5. This
‘was a drop from the mean for normsl bleod of 56.7 zg.? to the
mean of k1.5 m.ﬁ oy atawt Blood. This was 2 decroase of
24.2 £ from the normal value. The range in normal bBlood was
L2.8-65, During stagnation 1t was 21.6+58 mg.7,




Pable 3 Sodium Chloride Changes in the Qlood

Animal Viavsa HaCl “hole Slood ¥zCl in olasma #aCl in cells
Tefore aiter belors alter contained in in 107 mal of

100 mi. of hlood
T Dk e Lerore &l Lor

el MG, o, R [ IO A €% ¢ e W
S? Te §?2.Q U‘z‘r\-:’\’ 3€?¢& 3203 £ ot Qﬁal
H4bh L, ié}.? &Ug i btfod “%?-G 3ﬁhch ‘:-3 2368
K20 To%.l H79.0 L3L.O hod.s 335.0 310.2 U5 T 5047

512 53564 597.0 h39.h 0 h26.3 35540 2393 A3.h 136,58
617 AGhs.2 600,10 L30.7  L2..0 39h.1 33%9.1 3046 iR

&18 523.0 607.5 LiL.D 395.9 374 aF 32548 37.4 707

&ak L15.L T97.0  L1N,% 3093 337 305 G 22,0 133.4
26l She.3 53243 ME3.7 0 L3TL0 0 395.5 L0LlS H.2 3342

72 g? e ﬂQQUS hﬂ}.? hﬁﬁah 35&09 Bilng h?-? Q&;O
710 628.1 53L.9 L26.3  hil.3 33640 277 20.3 13%.L
713 590,0 57447 Lot I 3304 250.2 The? 103.9
722 6332 805.1 B36.7  Lbu.l 5 3707 WA

. ”33t& D2 4340< L wd} 3/)» 3(“»{ ke 7%.?
723 02.7 610.3  L1S.9 399.3 330,33 258.2 4546 3,1

730 5377.3 595.1 398,85 3l 373.1 27,4 Riel 11045

X 5078 601le0 420,83 Li0L.2 35260 300..G S5T.5 53 oli

Hall
#1 post parturition dog— has nol boen averaged in with other flgures
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sxpected Hal. Change in NaCl Lxpocted NaCl  Chasge in Nall  Total

i cells in in total c¢slle in plasaa of in plasma of change {rom

100ml. of L1, not accounted I00mke Dle 100mi.00 renain= capected
Por by dnersase alter ™ ins bBleod vaiue of

in nol.ol cells vall in
10Gal,.of
abacrnant bl,

. 4 g ! ~yaq o Ty o
SAd e, 3 o NI Y 4

207 + 18.2 33465 - Lie3 + 1.9

i o ar oA A -

‘-)Gat; - _31?-1; ji%'«‘.l + js;-, ‘i' 909
= RO . ) »
’;‘;9lé had \J.;;‘ 32}0‘-& - _;0? - ‘-:-’.6

394 310.1 - 20,3 # 19.1

+
+

103 Foulel 35064 - 20,0
¥ 26,9 333.2 - 03,0
+

Vi
N
[ ]
il

i
]

<
.

:
+
97e5 273.8 - Te¥ + 91.6
3706 + 22,9 $
+ 3ho 30649 TR 4 39,0
101.0 + 3hek 30ked - 2643 $ Bl
+ 15,5 298,0 - Tol + 10.7
+ 274 357.7 $ 13.0 # Lo
10943 + 31.3 255 .0 + 3.2 + 3L.0
37.2 + Tle3 25247 + 8.7 + 20,0

6845 + 22,9 310,46 - hed + 25.1
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Trosause of the Iree dlrffusibility of slucose between the
eryilwoeyte and nlasma, distinctlon between the anelysis of
whole blood znd olosma is relotively unlmportant” {32). For
this reason only the whole blood sugar has been determined.
However, even though the froe diifusion theory seoms Lo be Jonerale
1y accented (36) Lefevre (37} reported that some surars, prie-
marily tricses will Inhibii the free movement of others,

The czrbon dioxlide cone

tent of the stagnent blood increaaed by a mean value of 2,6
ryolimes per cent. However, there were 2 cases out of 16 with
a very slight decrease of the carvon dloxide eontent. The
ranve of chanze was «0.9 to $3.1. volumes ner cent.

The oxyren content Tell Irom a control mean of li.l volumes
aer cent to 10.L volumes per cent. At the sams “ue the paclked
cell volume inc-oaszed, tims Inersasing the oxyzen carrying
capacity {Table 10). The exnected amount of oxyzen on the bhasis
of hematocrit inerease was 17.1 volumes ner cent. This was 6.7
voluwes per cent above tlhie sctual value after stagrnatlion.
Therefore, the actual value fell 5 per cent below the expected
value., The range of changze 1n oxyoen concentration was Ifrom
=0y to «1l2.8 wolumes ner cente.

In four cases blood was drawn from the contralateral leg
befllore the T4 was relemsed., The oxysen and carbon dloxilde
contents were found o vary only slizhitly from the orizginal
controel sample.

The carbon dioxids combining canacity was deternined in a

{ew cases merely to et & soneral 1dea of any chanze. “There was



Table 9. Bugar Changes in Stagnation

Animal Pafore Lfter Pifference
i 0B e e 7
515 bt L0.8 - 3.3
520 49,0 32.1 «15,9
66 63.2 50.5 12,5
é2 551 ko4 «1h.5
617 ha2.5 33.4 - 9.1
613 62.0 35.2 «26.8
6ol 66,8 28.1 -33.7
626 6.6 Lh.2 -20 o1
79 h2 58 - L0
710 51e2 502 - 1.0
718 L6.3 371 ~ 9.8
722 1.5 46,8 S
723 56.2 53.3 - 2.9
729 65.0 5l.2 =13.8
730 6140 21.6 33l
' 5547 b1.8 152



Table 10 Carbon Dioxide and Oxygen “hanges in the 3lood

Anjmal @Cy Content 0o Conbent COp Change
hefore aiter bafore alter
Tobes  Volep Tobon s Viweh ViLew
520 234 27.6 a7 11.5 + L2
6l 20,7 23.9 1%.1 129 + 3.2
611 25.2 27.0 151 12,6 + 1.8
613 2h.2 26,6 15.2 ih.l $ 2.4
G2e 23,3 274 el 10.5 - 0,9
523 21.3 21.5 13.% 17.9 - 0.6
626 26,7 316 5.3 3.5 + Lo
627 27.6 3l.h 13.0 5.1 # 3.8
710 21,1 22,2 1%.2 17.8 $ 1,1
715 23,3 304 746 1.7 + 1.6
715 23.2 31,9 16,5 39 + 3.7
718 2341 29.4 1548 11.0 + 1.3
722 27.0 32.4 12,2 748 + 5.hL
723 2540 27.17 iGe2 15.0 + 1.7
729 30,0 33.52! 13.2 $ 3.8
730 30.9 3h7 1ied Se3 + 3.9
= 26,1 2047 L.l 10.k + 2.6
Be Da 3.1 3.9 3.2 L.9



02 Change farcent that new Fapected Change in
packed cell volume  Gp Contenmt 03 conc, in
15 of the old ' Hikee in 100 oo,
of plood
";IL'}& E}{ir Cé)!’tﬁ ‘;au'i;(.} 1\!«,’,.‘ c;a%
- 3,2 1‘3{302} 150& - 2301
- 3,2 127,59 20,6 - 7T
bl 1.7 lﬁ?.? l?oh hd 303
’t" 10’4 1‘2{}0@ mng” - {}c!‘-%
bt Qaé’ 10?.(3 18.? - l.{}
b gcg n{:’.? 15}.3 bd {).3

12342
128,90
112,5
1156.0
127.7

1588,.7

30
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a definite decresse during starnation. Insufficlent testis
wore mede to zlve statistlical validity.

seidity. The o of the blood changed from » mean pi Te3k
to T«1% during stsgnation. This was a mean descrease of pH 0.16
{ranze =0.11 to =0,57}., There was only one animal with an
ineorease of »Y {Table 11).

The relative specific gravitr of bLlood

inopzased from a mear of 1,000 to 1.0543 (Table 12). Ivery
animal but one showed increase, In thls one case the snecifie
gravity remzined the same alfter as before ztagnation.

The mean specific gravity of plasma increased from 1,023
to 1.027 during stagnation. The major factor esuzing plssma
specific gravity chances is considered to be proteins. Accorde
inz to the work of "hlllips et al. (3L) the protein concentration
ean be caleuluated from ths blood and plasme speciflec ~ravities.
Uslng thelr method the olasma protein concentration for 10
control samples was 5.9 gm.¥ whieh changes to 7.5 gn.” after
stagnation., This was a 29 per cent increase of the slasma
protein., The nemoglobin content was calculsted on the sane
basls which waa 12.3 zm.? both before and after stagnation.
Since there was no ghonge in the hemoglobin cconecentpation of the
arythreeyte the aspecific zpavity changes of ths hlood must have
veen due solely to the plasma protein inersesse and eryihrocyte
count increass,

There 18 zome questlon as %o the accuraney of these cale
culated IMgures since the hematoerlt value caleulats? by this

wu

metnod varled considerably from the actual exterimental value.


mailto:sp@etf.ie
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Tabls 11 pH Change of Blood

Te3h
Ta3h
7234

Toli2
To48
Te25
7.0
7u32
1.17
Ts3
7.38

7.3

743k

L ta0
Te20-
748
1453

725

7.30
7.28

6.8
7026

7425
67k

7228

Diffurence

« 003

| - é:u
- 0,28

- 1019

- bay
y o
= 020

- 0,10
» O‘Iﬁz
- 03
- o0l
- 0,13

'ﬂ‘» 0&33
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Chanzer in the speeifie Sravity of thole Slood and lasma with
Caleulated Protaia and denoslobin valueswl

Animal

3lood Plasam, yrotein Kemoslobin
e afhor belfore  after in -m, in gne 4
hefore  aftsr vefore alter

-

417
£yn
s
&3,

#1 for wmethod zes ped

1.052 1.0535
1,055 1,054
1.0515 1.0955
1,05 1e003
LeO50 1e0515

1.081 1,054

i L et g
1.047 Le D5k
R A N, 5 n 4 . p « e P B - Y
L.bi&f)f; -‘-o‘:ig loO(-r% l.933 !sii )b? Ve de ‘:-.f:/

1.0515  L.0%4 Lelehd  L1.0335 9.5 Tl 1245 110
1051 1.053 10235 1.027 Gad Tl 1.7 2e0
1.0515 1.084 1,022 L.024 el a3 1543 150
10555 1.,0575

10915 1.0%00 1.0235  LO275  Luk 7o 1249 13e2
1006 L.001¥ 1.023% 1,027 el 7okt 11.7 11.7°
1000 1.0915 1,020 14023 el TG 1203 1340
10513 1,020 1325 Ge? N 13.9 13.7
1.0 1.0L

1.0h% 10545 1,02k 1,035

AP LS
- 3 pn, p s g - ve - - PR , IS 3 y
1,050 L.0%03 1,023 1,023 S 7ol i2.3 12.3

ol

eraence (32)
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In four dozs, blood was drawn from the contralsteral leg
just before the Ty was released at the end ol the experimental
period, The blood and plasma specific pgraviitles werce determined
and found to vary only slizhtly from the normal conirol sample
taken before the experimenial nerlod.

General. There was an inereascd respiration shortly sfter
T2 application whileh eontinuad throughout the ezxnerimenial period.

Toward the end of tnis cerilod and Tor some tlme therealter,
g few of the animals developed noticeable edema whilch »esulted
fpom a blockaze of the lymph channels (33). A zeneral hyvpsrenia
{39, 40, L1, L2, L3) wit: enlargin: of the capilliaries up to
five times thelr resting size (4l)) mar be partly res-onsible.

Analysis of the sample of blcood from the experimental le

]

tazen at the end of 30 mlnutes affter z releass of the T fopr
one second revealed less chanme than in the sample talken just
before ., release {(Ses Yethods}. This was an atlempt to et

canillary blood rather than venous blood but arnarenitly the

sample contalned arterial blood freshly supnlied to the caplle
laries. Tor this remson all the experimental samples desirnated
as "after stagnation” were taken from the dlstended vein before
the 74 removal.

& few pressure tests by the cannulationeand-nerceuwrys

manometer method were made on the lemoral artery uporn the ape

o
ok

plication of & Ti. The pressure immedistely besan n steady dew-

crease from a normal of 50 mm. until after about one snd one-halfl
to two minutes when 1t reached a steady state at a2 jpressure of

&

about 40 mm. of Hz, A few times 1%t dropred lower Ho about 26 mm.
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unce this steady state was resched there sesuned to be little
alteration up to about eisht minutes, beyond which tlime no

tests were made,



DIsSCUsSsSION

Humorous calculated results reported in
this smmmmmwafmmmuuw
ings during stegnation a= 2n index of hemoconcent
Ashworth and Tigextt (21) have found this to be an accurate
tration, Swingle gt al. (20) also
used the hematoerit as a gauge of sirculating plasma volume
ehanges and found 1t compeared favorably with the dye-injection
method, Howsver, Fine gt sl. (12) believe thnt the hematoerit

hange caonot be used to calculate the change in plasma volune.
Landies end Jonms (8) reported that various degrees of venous
compression produced fluld loss in prepertion to the duration
and degree of campression, Perlow (9) reported that a define
ite increase in the hamoconcentration existed in the blood
diztal to the TQ during venous occlusion but later shen the
enimel was in TQ shotk small hemorrhages developed allowing
the escape of erytiroeytes through the espillary well,

The hesoconcentration that develops during M
asphyxia may be dus largely to a release of Hlood cells from
the splsen, and to ¢ small extent, to the inorease of erythroe
eyte size Irom the entrance of plasma fluld, and not from a
loss of fluid from the blood stvean (45)., NHowever, this
suggested chenge in the size of the erythrocyte is contrary
to results of this presont work reported under Eryihrooytes
(alse see Figurs 1).

ation,

measure of the hemosonoer




in this present giudy the hematocrlt incrcase from
Lo.1 to 3.2 4s very similar to the report of Swinsle gt Bl.
{20) of an incresse from 38.3 to L8.8 In T hours of TQ ape
plicstion, Similarly Sectt and Robbins (46} reported an
average inorease from 32,3 to 56,2 during 2n average of S
houwrs of T4 appliestion €o the leg of dogs. The graa&aét
hemoconcentration results in tha Pirst le2 hours of 74 epplie
sation. However, O, B, snd 11 hours after the relsaso of the
Th the hematoerit rose still hisgher, uw to Tl. Damase had
boen inflicted on the caspillaries during the lschamiag at
the same time, the arid metabelites in the ecaplillary had

inereased causing increased permeabllity to {Aulds, which
pagsed through the wall very rapidly when the full ovece of
the arterial blood pressure was released into them (L7).
The capillaries forming the kldnoy glomernll 2lso showed ine
creased permeability to funid during the ap-licationof a
1tmd TQ (48). Berry gt al. (7) reported that a partial venous
T: fer 5 minutes to the human arm will produce & & per cent
increase of the hemetocrit.

Herber (23) reported a very rapid inerease from 3.0
8o 5045 in 10 minutes of partial asphyxia of the trachea of
the dog. Here, of course, the picture 1s comslicated by ro-
1@@@&&.@@&1@ from the anleend

The mean normal hemateocrit value of 40,1 1s within the
ranze of mean values for dogs renorted by other workers. Soms
of these values ave 38,3 from Swingle gt al. (20); 39.3 ivom
Seott and Robbins (L5}, 39.L fros erber (23), 123 from
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might be asccomplished by the movement of fluld from the cell
inte the plasme, I, at the same time, the sodium and chloride
fon 4id ndt move freelvy =ith the {luid zeross the cell mon-
brane, the concentration of each in ths cell wonldd 1aeroass.
Tale mav nartly ssxnlain the inerease of godiuwr and ehlorids
ion obssrved in this »resent study,. llowsver, the increase

of these ilons in the rell mav be ascompllshed by movenant
from the nlasma as durine the noprwml "chiloplide shlifs". 2ince
guxayr possibly leaves the cell when the plsame uzar CoRCanD~
tration decreases {ses sootlon on Sugar wider “esults) a
decrease of call slize mizht be exvected. 4 redusitlon of cell
s4ze has beon reported with 2 deerease of zlucsse in the cell
{37). 2 reduotion of orxyren may also decrease thne ervthrocyte
nize (51).

The hemoslobin wmay alzo be expecied to lnocresnse in cone
centration but nec sueh ghange was demonsirated. Ine investie
zator, Herber {23}, surrested that an inorezse in the hematow
erit of ths dog durins asphyxia was sartly, tes ser cent, due
to the shiflting of water from the olasme o the cell, This
iz contrary to the fMndings during 71 stamation in the present
atudve

Generally soesking amons the aninmels there 1z an inverse
relationshly between the alze of ths clreulating errthrocyte
in the perizheral blosd and thelr murber 2er unit volume of
blood (52},

In the one ease of an erythrocyte comt decreazs, the

postepartuzritieon animal, there was an inerezses in hemaioerit
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whiech indicated an increase in the cell size, At the same
time there was a sonsiderable inorease 1in the plasma protein
goncentration, It is 4irffiecult to suggest ths mechanion of
this shift., It may be possible that same of the sndoorine
changes associated with pregnancy altered the erythrocyte
permesbility. Latrone, for example, lncsreased the amount

of extracellular fluid in the tissues around the genltalia
of the monkey acoording to the report of Eris Ponder (53).
In toxemia of pregnancy the erythrooyte M.C.V. increased (3hL).
It is commonly observed that pregmancy and also anemia (5%5)
sped up sedimentation of theses 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 o0ell sure
face or membrans of the erythrooyte. The cells in this
posteparturition dog 4did settle out wvery rapidly « in adbout
10 minutes. This change of the cell surface may also effect
parmeadility, Thus an inocrease in the erythrocyte perne-
abllity may have allowed the fluld to move into the cell as
woll as tuvough the capillery wall, At the agms time some
chloride fen‘moved ints the cell along with the fluid but
not snough to maintein normal concentration, so the concenw
tration of the chlaride ion in the cell decressed slightly.
The plasma chloride imereased some through an influx from
the intercellular space. Sodium content was very low in the
red blood cells but incressed greatly. However, 1t still was
much less in this posteparturition dog than in other animsls
of this series. The sodium in the plasma also was low but
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finoreased., Thiz means that the sodiuwm comes (rom the intere
cellular fluld. &%t the same time the number ol red blood
cells decreassed. This could not have been from a dilution
of the blood because the nlzsma proteins Increase conslderw
ably in concentration: thareflore, thwe red blood cells rust
have been lost from the capilliary whille scilium, chlorides lons,
plagme proteins and whille blood eﬁlka vare retained since
in this cuse there was sn inoresse in the mumber of leucow
eybtea per cu. mu. 9f blood.

The mean normal erythrocyte count of 5.7 =iilion in
this present study 1s very similar tc the report of 5.5
million by Hallomus (57) and falls within ithe range of mean
values (Lo5 = 8.0 million) reported by other investigators
{50, 52, 57=060).

Ho definite significanee is drawn fpron fhe irreculap
eryilirocyite counts found in the contpalateral sasple.

Leucooytes. The leucocyte has beon siudled infrequente

ly a3 a pard of the blood victure change durins stagnation
dpssey (61) reported an inerease of leucoeytes in 4l sturbe
ances of coronary cireulation. 3¢, in general,. the loss of
leucoceytes Ifrom the blood stream resorted in this atudy may
be anexpecied (Flgure 2). It iz well lmowm, hovever, that
the lsucecyte possesses the ability to "erawl®” (53) and is
smebold (62) in lts ablliity to chanse its shape 80 that it
may pass throush the small opening: between Individual cells
in the wall of the ecspillary. There 1z a substance called

leuzotaxine,; a dielyzable polypoptid crvstsllized fron
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inflammatory exudates by Nenkina {(65) which appears to atimu-
late shemotaxis of the leusouaytes, drawing it from the caplle
laries at the site of bacterizl infection. At such areas
there may be a great accumulation of leucoeytes outaide of
the blood stream, In the present study mumerocus faotors re-
porbed such as carben dloxide increase, oxygen decrease and
pH decreass (Table 10, 11) are the very factors mainly
rosponsible for the dilasation of the capillary, at which time
the pores bstween the cells would be the largest (53, &l).
The ameboid leucocytes were the types that showed the greats
ezt decrease in numbor. _Thia was malnly the neutrophils and

eosinophile with the greatest decrsasze among the neutrophils.

Since no attempt has been made here to demonatrate the
presence of lncreazed numbers of leucocyles in the lywph and
intercellular fluid the possibility may not be overlooked,
that some of the cells were destroyed in the blood strean,
which may account for the increass in the plaame protein.
Gamma globulin is known to de released from lymphocytes upon
their dissolution (65, 66). This is a normel process stimme
lated by the adrenal cortical hormone. No leucocytieo frage
mﬁs woers observed during the differmntial study.

The mean total leucceyte eount of 1,146 for normal
dogs reported in this »ressnt woark is very similar to the
report of 14,180 by Coffin (9). The values found by three
other investigators range from 9,000 to 12,600 (50, 60, 67).

The nomeal mean per cent of nsutrophils, ecsinophils
and mononuclear cells of 67.5, 7«6 and 2li.8 is very similar
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to the averages reported by Albritton (30) of 63, 5.1 and
26,2 respectively., These mean values lie alsd within the
range reporbted by other investigators (53, 60, 67),.

The only detested correlation between the total and the
differential pattern was the high begimming meutrophll coumt
in the sases of high tofal leucocyte count.

Sodium and | sgsiume The metabolliam of sodium and
potassium has been given much sttention recently. Hormelly
both satioms move through the cell wall of the erythrocyted
in such amounts that a concentration gredient exists with the
swrrounding plasma under normal sonditions. However, the
dog erythrocyle seems to be the least permeadble of the eome
mon animals Ctested {68). Rates of tranifer were msasured
for numercus animal and human srytlwooytea (63,72)., These
retes very fyom ons animel to another, In the rat erythro-
cyte ths potassium a# ohangs 18 taim rapid amounting to
abomﬁmmtarmmmsmeatmmMaﬁk
mmmumta@%m» the rate. rarmm
arythrocyte (68, 72). The cat erythrocyte mehama 45 and
the frog l.4 per mt of wmﬁ'm per howr (101). The move
ment of sodiuam into the human erythrocyte ip ¥itxe 1s almost
double the potassium exehange {(70), This movement may be

‘m is also percwabls to sations (73) but
sinse the total leucocyte volume i3 3¢ relatively small sny
lordic ohange that may cocur in 1% L2 Imsluded mwithm
erythrocyte in thizs discussion.
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explalined by simple diffusion in tha case ol the dog
erythroeyte (75) but not in numarous other animal erythrocytes
(7h).

The tranafer of »otassiue into the cell and the maline
tenance of a eoncentration gradient was closely asso¢iatsd
with carbohydrate metabolism (63, 76). If glucose is present
the abscrption of potassium is zreatly incrsased. Increasing
#lveogenesis by injecting glucose or insulin may lower the
soran potassium very consideradly (77)e On thas other hand,
when various inhibitors of glyeoclysis suech as & fluoride or
iodoacetate are prezent, absorption of the notassium lon by
the human erythroeyte in yiliro is prevented (69)., 7The energy
releansed b:vth@‘aavﬁmhyﬁrata metabolism, 1t is believed,
supplises the energy for the cation transfer. Holomon (70)
and Teller and Tavlor {72) have measured this enersy and
renorted that the human utilizes nearly a millimole of zluw
cose Tor every millimole of potazssium that enters the cellg
in the rat thisz ratio is % to 1.

Soth the cold (69) sand barbiturates (73) which slow wp
metaboliam deereass the potasaium gsbsorption by the erythro=
eyte, At the same tlime acetylcholine and cholinesterase
are intimstely coneerned with mesintenance of the ion permo-
ability of the cell surface (63).

It hza been sugmested alse that the srythroevyte potase
siuz content is Alrectly related to the H.l.k. of the body (18).

The erythrocyte, however, 1s not nearly so permoable to

votassium as are meny other tlssues of the bodys conseguently,
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excessive potassium introduced inte the plasma willl bhe gulcke
ly removed by the viscers to be slowly relessed to The
mseles lator (74).

A eoncentration zradient of sodium and potassium also
exists between the internal and the external cellular ooOm~
ponents of rusclo tissue, Twenty-five times more potassium
by welght was found in dozg's muscle than in the serum aceord-
ing to Eleneldberger (73), But, this gradient remained only
50 long as the cell memdrane remained undemaged as reported
by Baetjer (1)}, 80) on ischemla studies.

There is limited information available on the movement
of slectrolytes across the capillary wall., 7he capillaries
ere the mein source of supply for the muscles so 1t is
expected thet they elon; with the lymphatics, facilitate
any total change of cellular and interstitial fiuld electro-
lyte that may occur. "enn gt al. (74) as mentioned previous-
ly suggested that the viscera takes up any excess potassium
very rapldly from the blood. Then, too, during T shock
efter the tissues had been Injured larze guantities of sodium
moved through the caplllary Into the tiasue cells (109).

The eleetrolyte concentration of the blood was altered by
partial and complete asphyxia of the doz whieh produeced an
increase of serum potaesium (83, 84, 85). The scurce cof
this inecrease, however; was probably the liver rather than
the musecle tissue as suggested by the fact that upon extire
pation of the liver mo increase of serum pobtassium could be

observed. Erewster ot al. (76) suggested that this release
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from the liver is sccomplished by the sympathetic nerve
fibers.

The work of Beetjer (1l) with homorrihinge of the cat
and Dennis and loore (15) with coronsr: artery and vein ligae
tion of the cat suzgested a movement of potassiam I'rom the
misele into the caplllary blocd, <ellhorn gt zl. (32) ree-
ported, however, thet the sodium movemsnt through caplle
laries is reduced g8 = rﬁaalﬁ of strsumatic shock. However,
in the firat case, the velums snd pressure of the blood were
reduced considerably Wy the experimental conditions which
makes 1t unlike the present experiment. This work of Dennis
and Moore apnproached the experimental conditions of complete
stagnation as clogely as any. The dliserepancy of the resulis
sonnot be explainsd, In ancother series Dennis arngd Moore
during venous lization found noe evidsnce ol sodliuwm and potase
siuwa movement across ithe ecanillsry wall. The increase of
sermun potasasiuwm durine a partlsal venous stapmation reported
by Lauifman gt gl. (15) was probably alse from the liver and
net the misale.

In the present siudy (Fizure 3) the possibllity of the
release oif potassiun from the liver was eliminated by a come
plete "4 of all of the ler vessels at the upper thiszh, s0
that the losz of sodlium and potassium from the blood means a
transfer through the carillary intoc the interstitlal space.
This movement was contrary to the reporis of the few workers
who have demonstrated a tranefler of catlon durlns stagnatlion

(1, 15). The fact that in these cases the blood was under
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a very reduced volume and pressure may account for the dife
ference.,.

The decrease of the sodlum soncentration of the blood
in this pressent study may be expected since this 1s ithe
generzl direction of change Tollowlng the release of the T,
“inee the movement of sodlum frow the eryithrocyte was by sile
nle daiffusion {75), 2 sligh’ loss from the erythroeoyie might
nave been oexpected. The lack of any conslistent chanme may be
due t: the small conecentration zradlient betveen cell and plasua.

Also following the TY relense L ere is a loss of potase
sium from the rat {85, 37) and rabblt (52) musele cells.
Thus, in this presen® ztudy an anticipated 1lncrease in the
blood potassium mizght be sxpectesd rather t an the conslderable
decrease obssrved. The srestest shift of the cations ztudied
was the potassium movemsnt from the erythrocyte. “cheer {69}
reported thut when the metabollsm of the erythroeyte was
decreassed by z decrease in availzble sugar, the oubtward flux
of ootassium wasg inereased. Sugar was definltely reduced
durling stagnation which may sxplein the potassium movement,

The one factor that makes a compayison of these elecirce
lyte values in the dog with the human, the rat and the rabbit
ele~trolytes extreomely difficult is that the main base of ihe
arythroeytes of these animals 1z potassium while for the dog
it is sodium (39, 90).

The pattern of these cations was clearer after the T
releaass. The concerntration mradlent became changed as & e

sult of the daomagse during lschemia. In the animalszs in wvhieh



potagsium is the chief intracellular catlion ithere was a
los: of potassiue from the tissue cells, and an increase
af szodium in these cells (86, B8). The potassiux content
of the serus inereased {17, 256, 91, 92, 93). It has not
yet been deslermined whether this increase was a direct rew
sult of the lost initracellular potasslun moving inte the
blood, as wo 1ld ssen probable, or from a release o0i polase
glun from the liver stimulsted by & substance In turn roe-
leased by the lachemls tissues (L0, 91},

The incresse of sodium in the Llassue cell was reater
than could be expected on the basis ol simple movement of
intersclitlal {iuids moving into the selly thorefore, it
must have eacaped from the capilllaries (86, 38, 15 of
literature reviewed by “uhrman and Crlamon {(848)).

In the contralsteral leg the changes were vaversed.
There was an inerssse of potassiun concentration and a dee
erease of the sodlum concentration In the muscle cells of
mice @2 preporded br Tox and Paer {(13). Thisz may suggest
that the changes take place in the uninjured lez at the exw
pensa of the contralaterusl leg.

The mean sodium content in the present study of the
normal bleood, plasme end erythroevtes of 128,k nmFg.and

11li.2 m@q% respectively 1s vepry similar o the reported

1T@15 value was delermined on the basls of milliesulve
alents (mEgd per 1000 co.ol eryihrocvyies.



values of Albritton {50), of 127, 150 and 97 mig. Zeports
of others rance from 53 to 137.3 mig.for blood, from Th.l
bo 185,88 mEg.for plasma and from 120.7 to 153.9 =fag.for
erythrocytes (9L, 95).

The mesn coiaszsium content of Te3, 5.7 and 12.0 mﬁq%
in ahole blood plasma and eryihrocyiaes respectively, lies at

a

the upper border of the range of means reported by other ine
vesticators {50, 94, 95). This raenge of mean wvalues is: for
blood, Lo5=10.3 mige for plasma, L.3=0.06 mig.; and for
ervthrooytes, T«0=1l.5 mEqQe

Lhloride, There was an ovaerall decreass of sodium
chioride fpom the blood elong with the fluld which esecaped
into the tiszue, but thes loss wss not as grealt ag that oXe
perted based on the zctual {luld les:z from the bloods In
other words, the MHall concentration in the blood increased
above Lhe expectad zmount. This was due to the larce ine
creass ln NaCl concentration of the erythroevte. There was
& slight decrease in plasma Nall concentration {Pigure l).
Peters and Van Slyke {956) and othere {26, 27} reported that
durins a venous staslis the plasma chlorides eoncentration foll
whlle the erythrocyte chloride ecncantration rose. They
suggested that this movement of the chloride anions into the
cells of both the blpod and tlssues was a result of the ace
cuwilation of carbonic and organlic acidz in the licated linb
on the Donnan dlstribution. Muhwrman g3 al. (97) reported an

increase In rascle echloride concentration In rabblt musecle

b4,
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during injury by parbizl blood flow sioppaye by a micro=-
sushare injection. After the releasse of the Iy, however,
amemen and Crlsmon (55) in snother experiment on raitsz found
an lnerease in plesng chloride eoneentration.

it is menerally believed that the movenent of the chlorlde
ion 1z closely associnted with the movenont of the cations,
There was no quantitative relationship demonstrated hepe in
this oresent study. “he chlorids ion in the intracellular
spaces was generally eonsldered in combination with a cations.
Calculations on the guantity of eation in the cell revealed
2 sufficlent amount to combine with even the larce incresse
of erythrocyte ehloride iona.

The velationship of the ¢hloride ion to the suzar changes
will h@lézscusﬁaﬂ in the following section under Susar.

The sodium ohloride walues of nornal blood found in this
pragent study vary somewhat from the reportz of othir ine
vestigators. The values obtained here are H07.3, L20.8, and
oy .

specitively. The values glven by Albritton (50) sre 570

* m@ge.~ for plasma, whole bleod and ervthroeyies, ree

543.5 WiZes For plamna, [79.7=532 mz.s for blood, and 356w
11030 mze " for ervthrcovtes. The plasma value ia «3thin

ranze but the srvihrocyvie value iz considerably lowsr.

is no reasonable exnlanation for this at the moment, Othep

investigators (60, 9k, 93) concur with Albpritton but suzzesst

1rne value for the ar%thraayt@ was obtalned by adjusting
the wmean valus of columns Table d by the hemstoorlt value
to glve the Kall for 100 sc. of erythrocytes,



a wlder range of normal values.

Sugar. The suzsr decrsase can be accounted Tor by
three methods: (1) loss scross the capillary woll to supply
that lost by constant metabolisy, {2} utilization by the
cations in thelr Mux w»i&h the blood cell, snd {3) zlucolysis
into lactie acld by the leucoevtes {(99) and erythrocyte (37).
¥gidence that the erytihwrocyte does metabollize sugsr has been
gurzested, as reported nt a very recent symposlum (37), by
the zappearance of lsciic seld in the srythrocyte. inother
sugar biproduct, dinhogrhoglyecerate, appears to e 1o equle
l1ibriwm wlth glucose in the cell.

Loughlin et al. {25) reported z decrease of 20 to 2Y mu.%
during 6 minutes of vencus compression in man whlch is higher
than the values found in this work on dogs. However, csution
rmist be exercized in making auch & compariszon belween man
and dog. The inltial ineresse of bBlood supar in the wvenous
compression which Loughlin st 21. reported is probably a
regsult of the hyperemia in the affected capillaries znd velns
alloving Iresh sugare-ladened arteriasl vlood into the veins
{LL3, 100, 101, 102).

No relationship could be demonsirsted beltween the sugar
and chloride changes of the whole blood or plasma during stagw
nation. 2n inverse relationship has been renorted by other
investigators {103, 104, 105} duwrinz various conditions of
suzar deprivation or inhidbition. Theyre apoesrs o be nNo COYe
relation beiween Lhe sugsr decrease ané any other fsciors

atudlied hoere.
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The normal mean Hlooed sugsr found in this present work
1g 35,7 mu.%» Thiz value is at the lower end ol the range
of 50=100 mg. . pesoried by Dukes (60},

it is intersstin: to note thaet asccording to fehnelder
and Zarpovich (4) 4 the bloed sugar level in dozs Lfalls
below L0 mzm.” death results, sinee in the sresent study the
maan value st the end of staznailion was Ll.S mz.” and in some
individual cagesz 1%t dropred to 21 mg.lle Howvever, it 1s neces-
sary to Reer In mind that theze values are a meagurensnt of
the blood in the stacmant 1imb and not of the total body
bliood. There wasg nc noticeable general offect of this low
Yicod sugar value on the anlmal alter the releanse of Tthe Ti.
Tuprosedly, 1t was immedistely mixed with the genersl body
blood and the sugsar guantlity incrsased.

A& carbon dioxide increaze

and an oxygen decraase were expected. Perhang because these
shances are 59 e3zsily anblelivated very little litersiure can
be lound reporting thess values durling blood staznation, The
#oporits of sephyxis moy indlcate the trend. In ten minutea of
asnhyzia the cafbon dioxnide increaszed about 25 nper cent and
the cuygen decreased Srom 18 vole & to 0433 vole © 28 renorited
by Herber 23).

Agports of the normal carbon dioxide end oxysen values
of doz venous blood are very Tew. Dukes (107) reported for
norral dog venous blood a s value of 453 and for Qp 1l.9
vole s Austin gi gl. (99} resorted sbout LI vel. % of GO,

fox venous Hlood o0 2o
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do eorrelation eo:ld be seen between the varbon dlocxide
and oxyzen shifts or the carbon dioxide and chloride shiftis,.

seliditve An inerease in the acidity of the bieood wae
exnected on the basls of eontirmued influx of the azid motaboe
lites Trom the Involved tiszsuese.

¥umerous tests vers made on the carbon dioxide combining
noweyr of the blood whieh revealed a deecreasse in every case
during stagmation thus suprortiag the obssrvation of a pH
deerease. iThese valusy were nobt regorded in this study because
of the »08:31bllity of inacecuracy {pom exposure o the atnose
pheric zases. Yoore and Greenbarg (24) renorted a :meh more
drastic reduction of the eardiac blood in shorter tlme (pd
drop 0f D.22«0.81 irn 3«9 durins coronapyy artery and velin
seclusion than the mean »H (.15 reduction found in the oresent
gtudy. Durling asphyznia of tho dog for 10 minutez there was
2 drop in pH of 0,26 {(23).

The pH wvalue of norsmal blood found 1In this -~rezent
study, p»H Te3l,is within the ranze of mecns, »H Tele7.53,
renorted by other investizators {23, 53, 40, 34). There
appears 6o be a relationship betwesn the n¥ and ths carbon
dloxide ehange but the samples were ftoo feow to make 4 statlzstie
gal analyals,

gpegific

of the blood is normally »roduced by an inersase in both the

Spaygltsy

+ he inocrease in Ths sneeific gpravity

packed cell volume znd the plas

ma wroteln concentration. This
plasma profein concentration almost solely determines the

specliic zravidty of the plasma. The specille gravity insresse



is 2 result of the loss of fIuld from the blood. “lasma
proteins in penersl appear to be retalned within the capil-
iariea during ilsht vasculuar compression while the fluld mwves
throush the wall. The increase of the plasma specifle gravity
renorted by numercus investigators (7, 21, 22) alonmg with this
prasent wori would support this view. The 29 per cent lncrea:e
of slasma protein is greater than the per cent increase of
both the hematocrit snd the ervthroeyte during stagnatlon.
Thia faet iz diffieult to reconcile. It was previously suge
pested that the Yan Slyke gt al. method of hemoglobin and
protein detormination from the spesific gravity appenred
somewhat irregular when anplied to dopms. Perhapa this would
account for the difference between the hematoerit and protein
inereases, 17 not, thsn in searching for 2 poszible explanse
ticn it may be suggested that: (1) the leucocries which dew
ereased in numbere diginteprated releasing thelr proteins

into the plasma, (2) small numbers of erythrosytes alsc ree-
leszed proteins lnte the plasma whieh would secount for the
decresse in srythrecrte size, and, {3), proteln entered the
eaplllary from ths lymph spaces. This latter is very unlikely
orr the basis of previous evidence.

Then, in wore severe compression some plasma orodeln may
escape [rom the capllilaries, This view is supported by the
work of Landis gt al. {8)s It 1s rather evident Ifrom the
previous paragrash that up to 30 minubtesz of complete stasnation
there was no protelin lost from ths ecanilisries of the dog's

hind limb.
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Berry gt al. {(7) during 5 minutes of venous compression
in the Mmsaan obiained a plasmas speciiliec gravity inereasse of
0.0012 in comparison »ith 0.005 of the present study. a4t the
same tlme he renorts a plasma proteln inersase of 0,29 mg.5
in comparison with 1.7 mgl.% reporied in the nresent work
which 13 zlso considerably mors than the 0.9 mg.% incresse
reported by Swingle gt al. (20) during 2.5 hours of complets
stagnation in tho doge A total of 5 hours did not increase
the protein concentration sbove the previous lsvel. This
latter Jact demonstratesz along with the hematoerlit changes,
previously discus-ed, that the greastesi hemoconcentration
rosulted in the Tirs?t 12 hours of 74 application.

The reports of »lazma protein changss, following the
releass of the T4, are contradletory. The plasms protein,

S to 6 hours following the release of the T, have decreased
in the rabblt (22) but inecreased in the doz (20). Yoore {(13)
roported that after relesse of the T4 from the hindiimb of
the mouse the serun albumin decreased while the globulin ine
ereased,

The hemoglobln content of the ecell remained umehanged
during stagnation aceording te the method of FPhilllps et al.
{3}, This method gave very irrezular results with this dog
blood when 1t was ueced to caleulate tho hematoerit from the
gpecliiic gravity of »lood and plasme vhich could be compared
with the measured hematocrit values. The caleulasled hemoe
glebin value of 12,3 zm.”’ of the present study (Table 12)

compares favorably with the 13.0 gm. reported by Dukes (H0).
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Ho corraelation sould be demonstrated beltween the specific
gravity ol blood or plasma o other factors studled.

The normal mean blood specifie gravity osbserved herse was
1.050 which i3 at the lower border of the rance of means
{1.052~1,060) reportsd by numercus workers (50, 57, 60, 38,
107}, The norsmal #esn dlasma specifie xravity observed here
was 1,023 which i3 within the range (1.0205-1.0256) reported
by numercus workers (7, 60, 98). Liltewise the normal mean
plasma proteln wvalue of 5,9 mz.” {Table 12) is within the

range of means (5,7«-7.08) previcusly reported (7, 20, S0).



P R e I ¥ & At e ,“—&%
SUFAARY AND OOHCLUIRIONS

B

1. Flood studies were made on 25 samples from the hind
limb of doms comparing bleod before and after 30 mimibes of
a tizht tourniguet aprlication to the 1limd and the following
osbservations were made,

2e Ths capilliary and erythrocyte permeadility were
sltered during the ataznation of blood.

3« A hempooncentration developed as a result of ex-
ceasive fluid leakaze from the ecanillaries durins stasnation
ags roevealed by:

{a) A 2C.2 per csnt inecrease of the hemstoorit
value
{b) & Z2Le8 ver econt increase in the srythroevte
count
{e} An inersaze of the apecific zravity of the
wholes blood fyom a value of 1.050 to 1.,0543
from a value of 1,023 o 1,023,

and of the »lasne
Le The erythwoeryte dinminished in size from 2 mean corw
pusoular volume {(HaTe.Ve) of The7 to H7.1 ocu. microns. This
loas of slze was accomplished partly by the loss of suger,
potassiuva and fluild fron the cell.
5¢ The number of leucoeries found in the siasnant
bloed had decressed 35 per coent from the expecied value
vnleh was based on the hematoorit inerease.
{a)} The neutronhilic leucosytes were lost in
larzest musbersz {followed by the soszinoshilie
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and mononuclear leucocyics.

{b) The loss of leucocytes from the stagnant
blood is larzely the result of dlapedesis and
may be nartly due o the destyruction of the
cells in the blood,

f1e The concentrntion of the sodium in the blood dew
ereaasd larzely sz a rasult of a decrease of the sodium in
the plasma. This surzsests thet the fluld that escaped from
the capillaries conteined a higher sodium concentration than
d4id the normal plasma.

7+ The potassim: lons were lost from the blood sitreasm
larcely at the expense of the blood cells during the stage
nation of the blood. There was an 30 per cent reduction of
notassium concentration from ids sxpected valne in the blood
cell,

3, The chloride concentration of the blood inerepsed
during stagnation larzely throusgh a 39 per cant inerease of
the blood cell chloride content.

Je The sugar content of the blood decreased 15,2 per
cant during staznation.

10, The plasma carbon dloxide econtent inereased 10 per
cent during stasnation of blood.

11, The total blood oxygen content decreased 0.5 per
cent from normal to stasnant blood. However, thore was a
4y per cent decrcase from the expected value which was based
on the erytihwroeyte inerease in the stagnant blood.

12. 4 siiznt mnﬁummgﬁaﬁgf acidosis or aeldenia deoeveloped
R e 2w 2 B
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in the stasmant blood which 1s revealed by a pH dropped
Crom o wean Tedi 0 719 during 30 minutes of siagnation.

13, The calculated nlasma proteln concentrstion 1Ine
sreased 2Ll. 7 per cent duwrinz stagnation of blood. ?hia i=
3lichily zreater than erythrcceyde count and hemstocrdit ine
creane.,

ile There was little demonstrable relationzhip between
the ehanges of any of these factors during stazgnation.

15. One dog stndleod duwring TU application one and one
hell weoks beflore and thon efter parturition revealed conw
sideprably different resultes from the other animals. These
weret & ilow hematoerlit, = decrease of the erthrocyte count,
a considsrable increase of the ¥.C.Ve, an incresase in the
leuecocyte eount, an Ilncrease in the sodiwe content ol the
tlood eella, a larse inereaze of the plasma chloride concene
tration, a large decrsace of the oxyzen content, and an ine
crease above aversapge or the plaama sveclfiec aravity. Hore
studies are needod on pregnant and poste=parturition animals

belfore any conclusion may be mads.
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