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PheDs Thesin Summary

Blood Volume Studies on Donestiented Animnls

Ten M. Lﬂ'ﬂdﬁr, MoReTlaVeiie



Methoda for determinetion of Lliood volume in men énd common
luboratory snimala have been the subjeot of many invesiigationa
over the past twenty yeuys. The availability of leotopic anrkers
for red blood celle and plosme proteins made sush atudies teche
niqally emmim§ snd moys acourates Uy ocomparison these méothods
anﬁ meuﬂuﬁmmanta haove been applied reolatively seldom to the
domasticated aninois,

The alm of the Qark desoribed in this thenis was to apply
to the domestic enimals blood volume techniques which buad proved
to be suocessful in men, Yarly on in this work it baonme oleny
thot bacnuse of species differences modificetions of eﬁiétimg
methods would hnve %0 be mode, pege it wons found that the upieke
of 53? by red celln showed very wide spagien differences. lors
haps the most important speciea nnomely was found in the mesoura
ment of "trapped plasma® in tho haemntoorit. Thie is s very
inportant correction which hes o bé appiied in all precise vork,
pardiounlarly whore efforts are boaing mnde to meancure trus blood
volume by simultancous estimstion of red c¢ell volume and plosmu.
Thia spacies anomnly had not bheen formerly reported,

A exditienl spurcach to the technicalities of neasuring trapped
ploeme wes mude, and s method developed which overcomes muny of the
difficulties involved in the ‘direct' procedure. Using thise

nothod « substantial number of detorminatione of trapped plasma
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were corried out on the bloods of normal horoe, oow, sheop, pig
and dop, under cendrifugetion conditions sultebls for sach susdcles.
While centrifuge conditions were heing investigated an Important
sonpoveiure elffect on trapped plusnpe wag cbhoerved. 4 atudy wus
nlso wade of the distridbution of trapped plasma in the red cell
aodumn, thus allowing weristions in heematoorit to he teken ingo
pooount in corveoting fox trapped plocoa.

In the aostimution of trapped plasme in the foregoitip oxe
periments ééntrirugmﬁimn wou oprpicd out in polythens tubes o
Wintrobo heematoordt tubes ot an RCE of 1800 g for verying psriods
of tima.  Chion, Dellenbaok, Useni and Gregevsen (1965) compaiced
trapped plesve dn the haenatoerdit of vardoue ﬂpaaiea when the
blood Q&ﬁ pspan at 1500 g for 50 minutes in Wiatrobe tubes and when
gpun at 15000 g for five minuten in mioro~hsematoorits sapillary
tubes.  Thouph the latter method of conmtrifugetion resulted in u
muaoh lower proportion of trapped pleawme, & spacles Aiffovence was
8till quite obvious. Bven after centrifugetion st the highep
impulase, tho ved cell coluuns of goat and sheep bloods were found
e contain 9 per cent and 4 per cent btrapped plasme yrespactively.

Marked spoclies differences werve found in the uptoke of 52?
by red blood cowrpusolea, Red cells of the ruminents, cow and sheep,
and the cells of the horse lubolled relatively slowly with this
isotopa.  fome species differences of this nsture had been

noticed previcusly by Honserd ot ol (1953%) and Sohembye (1952i)
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It wan found that remove)l of plasmn from tho cells before nddition
of the isotope incrdsged the emount and rete of upteke of ggﬁ

and in the larger species this was of marked practical volue.

In studying the persistence of 52P~1ﬂbellad dolls in the olroule
ation the radioeotivity of sauples wap reloted to & comuon hoenufow
arib, bub although thio wes done with o correot sllowence for
trapped plagme the disappearance ourves showed signifiocont fluge
tuntions, The wrote of disappoorancs howaver wee legs then that
desoribed by Hansnrd et el (19%%).

When 5lﬂr bacame ovailable 1% wan used for Inbelling red
agells simulteneously with 321’ ond the uptake and ldsa fron the
cirovlotion of the two isotopes was compareds I wam,founﬁ that
the zed celle of all the spusles studisd took up 51Gv waptdly and
affoctively. Tho loss of ﬁlﬂr from the ciroulation wne lens
opdd thoan thot of 32? tut it wos found that in the faem snimals
the rpte of loas of 510# wae diatincetly grector than the losp
rate desgeribed In aan and the doge  Hlood volumes based on
labolled oells dn general wore dn agreemsnt with the results
reported in the literatare of the lssnt filteen yenra. ood
volumen based on 510?*1&%@11@& aello were smaller than thone
bhapged on 32E%1uhallad cells in sll the specdes examined. As

the ved ocells of speoies whiech labelled poorldy with 52? Lobelled
rapidly and arfactively‘wifh 516:, snd ag tho less of 5lcr Lrom

the alronlabion wos less, it woo oonpidered to be ithe lobel of

choice for blood volume estinntions baned on lsbelled cells,



It wao oonaidared thoeb the results obtained by the usge of
lobelied colls were nod gquite satlsfuotory and that thoe uese of
plusma protein labelled with 1311 night give hatior results sud

wie worthy of further investigution,
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Estimntes of blood volume in mén and animels cen be made use
ofr in a number of ways. They give n quantitotive indication of
the requirements for blood or fluid replacement in scme disease
gtates and their accurate assessment is essential for the elucide
ation of the mechanisms involved in the regulation of blood volw
wme (Gregersen snd Rawson, 195%9), Clinicisns are enabled to ﬁake
a broader view of blood chemigtry by estimating blood constituents
in terms of the totel amount in the circulation and not simply es
8 concentration (Revdin, Walker and Rhonds, 19%3). Blood volume
bears a close relatlonship to the lean body mass (Allan, Peng,
Chen, Huang, Chang end Fang, 1956). Yhe latter is o useful
paraneter for the definition of other funstions, and in animels
reared for foody knowledge of lean body mass i&fof marked economio
importance.

Gregersen and Rewson (1959) stated thet more mecurate methods
of estination revealed errors in praviousiy-accepted values, and
prior to sssassment of changes in pathological conditions it was
necessary to study furthor normal renges, Mayerson (1965) noted
that while there was falrly general agreement that available
methods gave s reasonable measure of the blood volume the accumue
lation of data in snimel species other thon men and.the dog vag
Blow.

All modern methods of estimetion are based on the intro-

duction inte the blood stremm of a measured quantity of some



test substance, and the estimation of its dilution in & blood sample
withdrawn after a time sufficlent for mixing and insuffidient forx
the substinoce to have changed chorancter or escaped from the cire
culstion to & significent degree. The test substance in the
circulation is sssoolated with either the plesma or red oell
partion. Before radionctive lsotopes beoame svailseble for
physiologionl use the most standard procedure involved the ine
Joction of the blue dye known as T1824 ox Evans! blue (Bawaon;'
Wvona and Whipple, 19203 Gregersen, Gibson and Stead, 1935),
which becmme firmly and selectively bound to plasms albumin
(Rawson, 1943), and this method is still in common use. Radio
active iodine (1311) 1a now used to label plasma slbumin (Fine
ond Seligman, 1943), and to some extent the chromium isotope
3 (9terling and Gray, 1950), iz used for the same purpose,
The red blood corpuscles are ldbelled with the phosphorus isotope
32?, (Hevesy and Zershn, 1942) or o (Groy end Sterling, 19%0).
Some other test substances, not in common use, are carbon
monoxide gas (Root, Roughton and Gregersen, 19463 phenylhydrazine
(Wizet, 1948)3 brilliant vital red (Keith, Rowntree and Geraghty,
1915)y >Fe (Hehn and Hevesy, 1940) end 9%Fe (Anderson, 1942).
After injection of the labelled cells or plasma protein a
blood sample ls usually taken from a superficinl vein and the
goncentration of test subatence in it determined by the analysis

of ite plasms vhen lnbelled albumin hao been injectad, or analysis
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of whole blood vhen labelled oelis have buen used. Since vhole
blood volume may be salouleted from measurements nade vith either
lebelled plosma ox lebelled cells and since the values obiained

differ to some extent, the following: conveutions have been adopted.,

BY = The total circulaeting hleod volume.
This can only be estimated when plasma volume and cell
volume are measured gimuliancouslys and eguels PV & OV
W = The circulating plosma volume based on messurements
using lsbelled plasma..
OV = The edroulating red eell volume based on meeswceients
with labelled cells..
Btp = The hleod volume hased on measuwrvement with labelled
Plagmne,
Eve = The blood volune bosed on messurcment with labelled
cellg..
Pv = Plasma volume caloulated jn experiments when neosurew
mont 1e made with lpbelled cellsg,..
Cv = The red ¢ell volume ealoulated in experiments when

mepaurenment is made with lebelled plasmse.

Congider the case where labelled plasma protein has been
injected in an amount corresponding to 50,000 counts of radioe
aotivity per secondy. Buppose that after mixing the coneentration

in the plasna ia 200 counts per second per ml,. the plasma volume
504000

BY) by the dilution prineiple is |
(¥7) by prinoiple ds " Lo

= 250 ml and the bloovd
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volume estimoted by lobelled plasme (va) can be determined only
1f the proportion of plesmn to red cells in the blood is known,
Thie proportion ls usually determined by centrifuging o somple
of venous blqaa‘un&er gtandard conditions in o heamstoorld tube
to separate cells and plasmn end recording the volume of cells
an 8 percontage of the whole samples  This percentege is ro~
ferred to as the haematoorit (Ht) of the somples  Blood volume

may then be calevlated according to the formules

avp = B ox T00HE)

Let it be assumed that the observed Ht is 40

then Bv, = 250 x *ﬁﬁ%é‘ - 416.7 ml

As PV = 250 m)l by subtraction the figure for indirecotly
obtained red cell volume (Cv) is found to be 166.7 ml.

The above valeulation of blood volume snd red gell volume
is based on the nssumption thet the haematocrit consists of uns
diluted ied cells, but Reeve (1948) pointed out that the observed

haematoorit reading for the blood of man is too large, ag some
| plasma 1 trapped among the cells of the packed red cell column.
Lat it be sgsumed that the haematocrit of the sample after

correction for 'trupped plasmae' is 38.0 then the calculation of

blood volume dexived from plasma is as followese
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| 100
Bv, = FV x (100~Corracted Ht)

100

w 250 x 1355:357
=403%+2 ml

As PV = 250 ml then Ov = 153.2 ml.

It can be seen that by failing to allow for 5% of the volume
of the obmserved haematoorit being due to trapped plasma, the blood
volume is onloulated to be 416,7 ml instead of 403.2 ml, an overw
eatimate of 3.3%, end the cell volume is calculated to be 166,7
ml instend of 153.2 ml, an overestimate of 8.8%.

When laebelled cells heve been injected, the blood volume
based on labelled cells (an) may be estimated on anelysis of s

sample of withdrawn whole blood sccording to the formalas

by, = Joful rodionctivity injected

¢ adioactivity/mL of whole bLOOA Wi thdrawn

Assuming thot 50,000 counts per second was the total ine
Jjeeted and 100 vounts 9ér gacond pey ml was the amount found in
the gumple, then Bv, = 500 ml. From the estimeted blood volume
and the haematoorit reading, direot estimation of cell volume
(cV) and indirect estimation of plasma volume (Pv) can be made.
Assuming an observed haemptoorit of AC

* » Ak

W o= B, * 15
"

mﬁmxlm_

w200 ml



)
55001100

= 300 ml

If allowsroe ig mede for 5% of the observed hpematoorit
being due to trapped plasnms, the estimeted cell volume and plasma

volume becomes fe

. 58
oV = 500 x A2

190 ml
. 6
o= 500 x g

re gt s

= 310 ml
If no allowanca is waede for trepped plasma it cen be seen
that the red cell volume is overcstimated by 10,0 ml or %.:3% and
the plasma volume is underestimated by 1040 ml which is 3424 less
than the value obtnined by use of the corrected haemotoorit,
The blood volume based on labelled cells may be caleulated

by First assessing red cell volume then using the haemsiocrit to

.........

derive plasme volume and blood volumes The direct red cell

volume iz c¢alculated from the formulets

‘ Total radiosctivity injected

o= Radioactivity/ml of red cells withdrawn i
Potal radioectivity ingggted \ ml
Radicactivity/ml whole blood X
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Tha blood volume baged on labelled cells i then caleulated

from the formulase

Phe aell, plasma and blood volumes derived in this wey ave
exnctly the seme as those dexived by the method used in the laast
example, snd the errors due %o lack of correetlon Loy trapped
plagma are identical,

It o téehniaally vory difficudt to obiain a measurable
volume of red cells quite free of fiuid, mo in practice it is
necessary Lo measure the cells in the presence of that fluld and
make an allowance for it. The results of failure to do this hove
been showna ﬁamaver it 18 possible to ery in the opposite
direction by using o factor vhich over-corrects for t?@ppad plasma.e
This has dte grentost effeet on blood volume and red cell volune
estimations baged on labelled plosma. In the recent example of
. gglewlation of blood volume baged on labelled plasme, sssuning
the pllowange for trapped plesma of 5% of the red cell colwmn
was covrect, the following results were obiained « va w 0342 ml,
PV = 250 ml and Cv = 153.2 mle If the caleoulations are now made
using an allowsnee for trapped plasma of 10% of the vbserved

hoematecrit the felloving resulis are cobialnedsw



-8 -

. . 00
v, = W % o oveected W5

LA 44 : }'0{)
w BG0 % (1m6~3§3

= BG0 wi

BV om 250wl wa Uv o= 14046 md

It oun be scon that the anioulated blood volwne 45 oo low,
dus bo o falge redustion in the enlumlated cell volume of approxie
maindky Bk

I estinstions ol Wieod volume bpsod on labelled colis, if
an overecorrcobion is mede for YUropped plegmat dn the heenntoorit,
the oell volwas i:é:mmma Telaely snald, pleswn volune becomes faloely
lovge, and the total blood wolwne raneine theé stnc.

It ig obvipun thepefore, thot whlle ploskn volume Ny he
measured divpctly by sweans of lobelled pleswe, blood volumes pnud
vall volunes osn anly be estionted by metholn which involve hoenaboe
erit deterninstions, snd A the enlewlstions nro $o be ressonnbly
aonurate, tho corzect allovanes mmed be pade for Ybropped plesun
in the wed aell column of the hyenstocril tube.

Feon vher an ascurvatn allovencs hen bevw wpde for teepped
plaoto, {0 gonerael pebidshed reoulds on blood woluwe optinstion
in wman and Laborptory aninals bhove Ladiconted bighsr wolunes when
those have been based on plesme woluse astdmetions than vhen they
have boon dexived frow red eell voluse ssbianblons, leo. Bvi?

Ry >hw " Whe osuse of Whde, wldoh aey be of great :ﬁ:ﬁlyﬁrﬂ&‘&?uﬁé.

o nod yob fully understond, bBub &% appeavs thel the {ifforence
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between the haematoorit of blood in the peripheral vessels and the
heematocxit of the blood in the body as a whole may be an important
factor (Gregersen and Rawson, 1959)+ It is often taoitly assumed
that the peripheral haematoarit hgs gells and plasme in the same
proportion as in the remainder of the blood of the body, though
the work of Fahraeus (1929) and F¥ahraeus and Lindgviet (1931)
indiortes that there ia a 1&5@@? proportion of aa;la in relation
to plasns, 1n,ﬁhe.ama11 eopilleries than in larger vessels snd ;t‘
follows that the :aﬁia of cells to placma aﬁ thg whole body, the
'"body heenmptoorit' must also be less than that in the larger
vousels. |

Vhen & test substence is injected into the cireulation, it
does not diffuse homogeneously, but is associated with either the
| plasng or the corpuscles and its dilution really messures either
plasma volume or red cell vulumaQ Gregawﬂenland Rawson (1959)
point out that some investigotors appesr te think that they sre
measuring total blood volume directly by aualysing their test
substance in a semple of whole blood. ‘Irue blood volume (BV)
can only be messuved direetly if ocells and plasma are labelled
sepurately and the volume of eanch determined simulteneously,
Such simaltaneous ﬁétimatiana of total red cell mass and total
plasme in man appear 4o ghow that the body red cell masg is only
about 90% of the proportion of red cells shown by the peripheral
haenatocerit reading. It follows that in a2 ¢alceulation of blood

volume from s knowledge of the true total red cell volume (CV)
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and the peripheral heematoerit; blood volume will be underestimated
becouse there is s relatively higher proportion of plasma in the
body than in the peripheral heemptoerit. Similarly in e ¢alenlation
based on datermined true total plasma volume (PV) and peripheral
haematocrit, total blood volume will be overestimated because the
haematocrit indicates a higher proportion of red cells to plasma
then is present in the total oirculation.

From simultaneous eatimations of plasma volume and red cell
volume the relationship bedy hacmatoorit/venous heematocrit omn be
dotormineds It has been found that this factor, termed 'F cells',
does not vary with changes in the venous haematocrit level, Vhen
it is applied to the venous heematocrit 1t computes the body haonato
erit. If this fector is found to be sonstant in e species it be-
comes possible to obtnin o fairly accursate eptimation of hlood
volume in that species by messuring either red cell #olume.er plasma
volume nnd ealdeulating blood volume frem the peripheral haematoorit
adjusted by '® cellsts 'F cells' is rather ennaﬁaﬁt in normpl
men and the average value ig 0,91 (R&eve, 1952).  In infantski%”
has been found to be 0.87 (Mollison, Veall and Cutbush, 1990).

In normal doga P cellat! nay vary from 0,87 to 1.1 depending on
the proportion of blood in the spleen and & constant 'F cells!
cannot be assumed in saloulating bloeod volume in this apecies
unless the spleen has been removed, In the splenectomised dog

the figurs of 049 has been found (Reeve, Gregersen, Allen and
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Sanr, 1953); Rawson,; Chieny Peng and Dellenbmcky 1959).  Hodw
getts (1961) found 'P cells” 0 be very varieble in the sheep
wnless the onimals were splenectomised or given pdrennline %o
empty the spleen st the stert of the estimations Vhen this waa
done the figure of 0.81 was obtoined,
It is obwious then that an ncourste venous haematocriy

reading is en essqnéial and important factor in all estimations

of bloed volume and an acourate haemptoerit reading can only be
made if the perdentage of the red ¢ell column which 1s due to
"trapped plasme' is known. The amount of plesms trapped in the
red oell ocolumn of the centrifuged blood of men hes been well ine
vestigated and there is geneval agreement that sfter centrifugetion
for 30 minutes at 1500 g the observed hsemstoorit can be corrected
for trapped plasma by multiplying by s faotor of 0.96 (dreaersen,
1951), if the observed haematoorit is not abrnormslly low or high,
When the work dﬂéaribad in thils thesls begeny there was a tendengy
to assume that thé emount of ‘trapped plasme’ in the centrifuged
blood of snimols wes similar to that in men. Hansard, Butler,
Comar and Hobbs (1955) y in valewleting sheep ;plasme. volume fram
‘blond volume hased on labelled 09113, allowed for b ﬁrapped
plogmas ﬁhey hnd centrmfuyea the blood at only 906 g for 30
ninutes and socording to the work described leter in thig thesia
the smount of trapped plasmu was probably about 20% of the ppoked

¢ell volume, Asguming an eslimated sheep blood volume of 3000 ml,
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an observed hsematoorit of 40,0 and an ellowance for wrapped plasuma

of 5%, plasme volune is calculated as follovwsy=

(100-Corvected HE) wl

Py = BVQ x 100
- . (200-38)
z}m@n T i)
- 30 x 62
= 1860 ml

If o trapped plasme of 20% of the red sell column is allowed

fory the oaleulated plasms volume is

000 x (00=33)
‘ 100

= 30 x 68
= 2040 nl
Plesma volume has therefore heen wrongly ealoulsted as 1360

ml instead of 2040 ml, equivalent to an unﬂeweétimaﬁion of 9%bs
If the same faulbty allowenee for trapped plasmna is epplied to
calculation of gell volume this is overestimated by a faotor of
18475
" VWhen the work deseribed in this thesis wasyétar%aaythere
was a large amount of informetion on the wse of isotopic methods
in blood volvme studies on man and the common laboratory animals,
and eomparaldyely little on the application of these techniques
to farm animals gonerally, The sim of the present investigation

was to study the use of isotople redwcell lebelling methods for
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blood volume messurement on a vange of domesticated animnlss No
atlempt to establish so cnlled 'normal values! was intended but
gimply an assessment of the advantages end limitations of these
metheds when applied to the different specles,

Barly on in the work it became ¢lemr that there was e marked
gspecies difference in the amount of plasma trapped in the red cell
column during the haematoordit determinstion by conventional methods
of centrifugation, Becauce of the lmportance of the haemstoorit
meagurement in blood volume studies, pn lacge part of the work
described here was performed in relation to this heretofore unw
recognised speoles difference, mnd is detailed in Part I, Studies
on the estimation of blood volume in different species pre described

in Part 2.



PART 1

DRIBRMINATION OF TTHE INCERCELLULAR PLASMA

OF 1HE PACKED RED CELL COLUNMN
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INTRODUCTION

Hirots (1926) centrifuied blood samples from various species
of snimels until the packed red oell column would reduce in size
no further, Other conditions of centrifugation being equsl he
reported thet the number of revolutions per minute required for
the different specics wesie horse, 20003 rabbiﬁ,.azﬂo} man,
26003 goat, 2900 and ox, 3000. Miller (1925) showed that the
packing of ré? aeila wap clogely related to the relative centrie
fugel force abplied during centrifugntion, Hooper, Smith, Belt
and Whipple (1920) in common with meny earlier workers, assumed
that plasme trapped in the aeil intersticen of packed heewntocrits
wos negligible and polnted out that hypertonic anticosgulant could
reduce thé size of rad ¢ells, so that the volume of red cells might
appear lesa than it should. leeson and Reeve (1951) found that
tho haemstoorit was congistent if anticosgulant, force and tine
of eentrifugation and the form of centrifuge tube were stendsrd,
They found that hapratocrit estimations in 3.0 snd 9.0 wm bore
haematoerit tubes averaged 1.0% more red cells than ostimstions
in 1,0 mm btore tubes after centrifugation of identical semples
under standerd conditions,  They celoulated that assuming that
the rad blood corpuscles vwere rigld flet discs, the most efficient .
packing would leave about 9 per cent space for plasmbs As a
smaller proporticn of plasma was found by experiment, the cone

elusion wos thet cells must be deformed by the eentrifugﬁl foroe
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to £411 the interstices in pert st leasts, They also showed that
8 smpller proportion of plasma is trapped in the lower seciions
of the red cell colunn.

Owen end Power (1953) remark that in the litersature the method
of recording trapped plasms hes not been uniform.  The more
pcourate method is to record the amount s a percentage of the
packed red cell column, but some authors have recorded i1t ue a
percentage of the totel blood in the centrifuge tube, and others
have not made it clear to which standard they were referring.

Hled and Holmes (1953) defined the phyelenl wvaristions of centris
fugation affecting the proportion of trapped plasma but they did
not specify the temperature of thelr centrifuge although it was
steted to be refrigerated, They used n basic mpthemutical theor
etical approach to ﬁheir experiments nnd coneluded that the amount
of plasme trapped was directly related to ‘impulse', which depends
on force and time of centrifugation. As force = ,010966 x R x
r x m (dynes) when R = revolutions per minute, r = radius end m =
massy it i obvious that the numbar of revolutions per minute of
the centrifuge is the mejor factor affecting force.

The height of the observeble haematocrit and the amount of
plasma trapped within it are related (Chaplin and Mellison, 1952),
Hodgetts (1959) studied the effect of wvarying forces and times of
centrifugation on the hremutoorit and trapped plasme of the blood

of sheep, She found that the same impulse (i.es force x time of
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centrifugation) did riot always produce the same effect on the
huemstoorit, and that a small force for a long time was leas
effactive in reducing the haematoorit than the same impulse proe
duced by a greéater force acting for a shorter time., She pointed
out thaet it was diffieult to compare her work with others because
go often the conditions of centrifugation were not fully specified.
Pime and revolutions per minute might be giVen, but the radius of
the centrifuge omitted, so that the relative centrifugal force
(ROR) could not be ealeulateds The RCF ia oxpressed in terms of

gravity (g) and is derived from the formula
\ w2 —
RCF = 1,119 x R x » x 10

when R = ravolutions per minute and r = radius of centrifuge,
mengured to the bottem of the heematoorit tube in cm,

Although 1t is now generslly sgreed thet for human blood under
standard conditions of centrifugation (1500 g for 30 minutes) about
4 to 5 per cent of the packed cell column consiste of plasma,
widely different estimates have been proposed by different workers.
The differences may be lorgely due to differences in the methods
employed, Most determinations of intercellular plasms depend on
the addition to the blood sample of some readily measurable test
substonce, such as livan's blue or 131131abe11ed albumin, mixing,

and centrifugation of & portion under standard conditions. In
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the so~gnlled 'direct! procedure, after centrifugstion both the
supernatant plesms and the packed cells are mnalysed directly for
the test substance, i.e., the packed cells are analysed directly
for plasmas In the 'indirect! procedure the irvwe volume of
plagme in the sample 1g estimated by the dilution prineiple.
The proportion of red cells is e¢mlculated either by comparing
the assny of the test substance in whole blood with its concene
tration in the plasms, or by subbtracting the plesma volume from
the volume of the original blood samples

As sn example ol the latter method let it be assumed that
the volume of the bleod sample is 80.0 ml and that the test sube
stance is 1511~1ab@lled plasma which hes a total actlvity of
10,000 counts/minute end is of negligible volume,  After addition
and mixing, a sémple i8 centrifuged sand the plasma asssyed.
Assuming an sctivity of 200 counts/minute/ml is obtained, the
volume of plasma in the blood must be 10,000 dlvided by 200 =
50,0 mls The red cell volume must therefore he 30.0 ml and the
pexrcentage of red cells 37.5« Supposing the xeading in the
hrematoorit tube 18 ¥9.%, the difference between this and the
red cell percentsge should theoretically be due to trapped plasma,
frae 2 40 39,5 or 5.1% |

The grave disadvantege of this indireot method is that it
attempts to determine a relatively smell volume by finding the

difference between two relatively large volumes and o small
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percentage error in determining either or both of the lorge vole
umes will have & great effect on the small volume., Assuming &
2% error in the dilution technique, the red cell percentage
might have been found to be 36.75, and assuming a 1.0j error in
reading the haematocrit, it might have been recorded as 39.9,
‘he difierence then becomes 3,15, indlecating a trapped plesms of
approximately 7«95, o figure 555 greater then thet found prew
viously. Mathematical aspects of the errors involved in this
method nre dealt with by Vazquez, Newerly, Yelow anﬁ Berson (1952).
Nevertheleas some workers still hold to the indirect procedure
on the grounds that there are nlso gerious objections to the use
of the direot methad.

The two mein eriticism: levelled at the direct procedure
are (a) the technical difficulty of obtaining for ananlysis packed
cells vhiceh sre uncontaminated by supernatent plasna, and (b) the
foet that aa the trapped plssma is not even}y distributed throughe
out the packed cell column, any method in vhich only part of the
cell column is enolysed is likely to give misleading repults.
Leagon and Reeve (1951) used o special haematoorit tube with g
rubber diaphregm in its base through which » needle wes inserted
to withdraw packed cells. Hlad and Holmes (1953) used a plastie
centrifuge tube through the base of which en 18 gauge needle was
inserted and the packed cells sgllowed to drip out nt the rote of

one drop per thirty seconds. Owen and Power (1953) froze the



centrifuged heematoerit tube in a dry loemethaned bath then broke
1t into sections and recorded that the proporiion of trapped plasma
inoreased the fuvther the seobion weae from the bottom of the tube.
Hodgetts (19%9) obtained puoked cells by pipetting off plasma from
above them end washing the inside of the tubes sbove the packed
gells by repected careful ringing with pipetted salines

The difficultieé in the atove techniques might be avoided
by o method which makes use of the feet that while plasme conducts
electrioity, red cells do noly and the amount a$ conductivity in
the packed red cell column should therefore estinate the plasma
contente Within the renge of normsl humen haematoorits the
peroentage of red cells determined by such a method is very similar
to thet found by stenderd centrifugation methods (Kernen, Vurzel
ad Okade, 1961). '

Little work on haemetoorit determination or eveluation of
the amcunt of trapped plesma has been recorded on the blood of
farm animals. In the burro Hansard et al (1953) assumed a trapped
plasma of 5% after centrifugation at 906 g for 30 minutes. In
the cow Reynolds (195%a) estinmated bYropped plasma es 6 after
centrifugation for 30 minutes at 2500 repems with a centrifuge
head of 18 on. radiuvg, ise. an ROF equal to 1260 g  She used
a dye dilution method and hoth direct and indirect methods of
esbimation,.

In the gheep Kennedy and Milliken (1938) noted that an
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ROF of approximately 19000 g for 25 minutes was required to obtain
moximum paecking of red cells in the haematoerit and that packing
was incomplete within 4 hours at 2760 g. Schambye (1952b) used
71824 end an indirect method of determination end obtained n
result of 5% trapped plasma in this species. Ihe conditions of
centrifugation were not fully specified. Hodgetts (1959) used

1311~1abellad albumin and a direot method of estimmntion,.

homologous
She estimated trapped plasma after verying forces and times of
centrifugation and also artificially mltered the proportion of

red cells in the blood samples to produce haemntoexrits beyond the
normal renge. The amount of centrifugation which she uwitimately
recommended was 27%6 g for 60 minutea; which was assoolated with

an estimated trapped plasma of 3.2 per cent.

In the goat, Klement, Ayer and Rogers (19%5) used a correction
factor for trapped plaswma which indlceted they believed the amount
to be nearly 20%, Anderson snd Rogers (1957) used 1511»1ahelled
albumin to determine the proportion of trapped plasma in the blood
of eight goats. Qentrifugetion was carried out at 1800«2000 g
for 30 minutes in 3mm Wintrobe tubes. The direct method of
estimation resulted in o figure of 19.8% ond by the indirect
method & figure of 17.8% was arrived st. Haemstoorit determine
ations in capillary tubes apun at 13000 to 14000 g for 8 nminutes
were 85«87% of those of duplicate sauples spun as for the trapped

plesme experiment.
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Chien, Dellenbuck, Usami and Gregersen (196%) used 1511

end en indivect method of caleuletion to estimate the trapped

" plasme in the red cell column of the blood of man, dogy elephant,
sheep and goat after centrifugution in Wintrobe tubes at 1500 g
for 30 minutea and after centrifugstion in microheematoorit
copillary tubes at 15000 g for 5 minutes. Thelr results are
included in those shown in Table 1 and TPoble 2.

Figures from the literature on trapped plasma in humen
blood ave shown in Teble 1 and figures from the literature on
the bloods of some animal species in Teble 2. Many of the fige
ures shown in Teble 2 are not the results of determinations of
trepped plaswa by the authors, but are figures compiled by Owen
and Power (19%3) from the informntion availaoble in the literature,
They assumed thot the difference between the observed haematoorit
and the calculated hsematoorit wes due to trapped plasma snd
accepted, not without reserve, some dubious criteris which authors
had used for the celoulation of huematoorit values.

The work described in this section of the thesis represents
the first systematic atltempt to mensure intercellulay plasus in
the packed ved cell column of bloods of different species of
animels under gtandard conditions using relicble anclytical
methods. A method is dese¢ribed for obieining pavked red cells
uncontaminated by auparnatant’pluema, go that it ds possible to

use the direct method of estimantion of trepped plasma, with ite
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cbhvious sdvanteges, and avold the major eriticisms whish have been

laevelled ogaingt this procedure.

MATERIALS SND MIETHODS

In the experiments which follow the dirveot procedure was used
throughout, The test substanve wes in each c¢ase homologous serum

albumin trace lobelled with To-

I, A small volume of labelled.
nlbumin wee added to the heparinized blood sumples After thorough
mixing the sample was centrifuged and radiosctivity determinations
wera c&yried out on the packed cells and on the supernatant plasmo
The diffioulty of obtrining packed cells for snelysis unnantémin-
ated by superetent plesue wes overcome by ceveying out cenirie
fugation in polythene tubes (Randolph and Ryan, 1950), vwhich could
be clamped, or frozen and cut, to seperate the poxrtion contnining

red oalls. These methods are more fully descriked below,

The Prepavation of 1)y 1ebelled Albumin

1311 was obtained from the Rediochemicel (Centre, Amershsm,

Buokinghamshire in the form of sodium lodide. Whole blood sgamples
were obtained from the various species y;ﬁh avepbio precautions
and the serum removed after clotting had 6aaurrad¢ About 30,0 ml
of serum was wsually dealt with st ono time. Anhydrous sodium
sulphate was added to the serum %o a finsl concentration of 18%,
end this precipitated most of the globulins, The mixture waos

then centrifuged to separate the precipitate, and the supernatent
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£luld was transferred to s dlalysis sac snd dimlysed sgainst
repeated large volumes of 0.85% NaCl until the dialysede appeared
to be free of sulphate when tested with Ba 012a This 'albumin'
praeperstion wae then traae labelled with 1311 by the method
deseribed by Froneis,; Mulligen and Wormall (19%1).  The albumin
golution was made nlkaline by tho sddition of 0;1 ml of SN NH40HV
to every 1.0 ml of protein solution. The lodine solution was
prapared by saturating a 0.1 N solution of potassium lodide with
finely powdered clementary lodine, This solution was allowed to
stand for 48 hours, with occasional sheking, efter which the ex-
cens lodine was filbered off, leaving o solution containing
spproxinately 12,7 mg of pure lodine per ml, l.e. n solution
whioh was approximately 0.1 N  From it & volume containing

the sppropriste amount of pure iodire wos meamsured and to this

was added a solution of sodium 1511‘ The amounts of 1? in XI
13

and sodiuﬁi I required to give a labelled protein of s certain
12 content and apecific rediocactivity oan be caloulanted since in
such an lodination reaction ahout 1/5 of the free I, end 1/6 of
the 311 becomes mtteched to the protein. The protein solution
won lodinated by adding the radionctive ivodine solution drop by
drop with constant stirring. The solution was then brought to
Pl 7075 by the dareful sddition of 2N £¢}lowed by 045N acetic

acid and the uee of universsl indicator papers The labelled
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protein was then tronsferred to o dialysils sue and dielysed for
at least 48 hourse et 5°G sgainat several chengas of 0.85% NaCl
' to remove eny unbound 15&1. he solution wes then removed f{rom
the sac and ocentrifuged at 1500 g for one hour to remove any
particulate mnteriel vhich might bhave been present. The vredioe
sotivity of the labelled protein in the pupornatunt fluid waes

ghown to ba more than 99% precipiteble with trichloreacetic acid.

The Prepsration of Polythene Tubes

Polythene tubes suitable for the following experiments could
not be obiuined commercially and they were therefors prepared from
polythene tubing, "Portex" polythene tubing (7-8 mm internal
dizameter) was out into lengtha of spproximately 20 om, and sealed
at one end in the following mammer. A plece of solid nnlythehe
was placed on s niokel planchette of the type used for redioe-
active samples. | The planchétte was placed on an eleotric hot
plate until the })p].ythehe ,ﬁﬁ;}i"_:éompl'étely molteds One end of the
tathe to be sealed vas ﬁbﬁﬂiﬁﬁérsed‘in the melted polythene snd
held there until it.haﬁaﬁohplataly fused with the polythene in
the planchette.,  After cooling the planchette was removed with
pliers snd the tube trimmed with o sherp knife or scalpel. In

order to give support during centrifugation these tubes were

placed inside o pyrex test tube (15 om x 15 mm),
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Lentrifugation
Blaod samples in the prepared polythena tubes or Wintrobe
haematoorit tubes were centrifuged at a relative centrifugsl
faiba (ROF) of 1500 g for varying periods of time. In the
preliminexy experdments an Mu30y medium centrifuge without tompe
erature control wes used, but in later experiments sn M.S.5,

refrigevator centrifuge was uged.
- Determinction of Radiometivity

Datermination of Rediometivity

After centrifugation, measured smounts of supernatant plesma
and packed cells were made up to a volume of 10.0 ml for counting
in the M6 liquid Geiger~NMHller tube (20th Century Rlootronics).
The latter is conatructed meinly of gless and is desiened to
messure the radiosctivity in 10,0 ml of Liquid held in the outer
chenbey of the tube and surrovnding the ges~filled central core.
The counter tube wos shleldsed from exbtrancous radiation by boing
placed within a oylindricel lend ‘*castle’ (Panax Ltd.)s A1
counting was performed at & volinge suiteble for the counter uved.
Usually each sample was counted for s time sufficient to record
at lesast 2500 counis. Duplioznte counts were made of each ssumple
pnd 3f these varied by move then 5% sdditionnl counts were made.
Before counting the first sample and beiwasn the determingtbions
of succespive simples o count on the empty M6 tube was undextaken

to eliminate the poseibility of the prasence of residual sotivity

from previous samples. I excess uctivity was found to be present
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tha tube was viised repeatedly with distilled water contnining
s little cercier {iodide and dried by the ingertion and manip-
ulation of o plece of filter peper. Thin PrOCEns Was reponted
if negessary until contomination was eliminateds The counting
mechanism wagy switohed on sinulbaneously with a stop watch and
switéhad of £ at the full minube resding which firat followed a
total count sufficlent for a statlstical accuracy of 1,062,0
per cant, The radioactivity of eaéh gample wae recorded as

counts per minuie.

Gorrections to observed count rates

(a),ﬁaﬁkgroqpa;autiviggs 4 cortein smount of rediosctivity

is always present in the envivoument and is responsible for.a Prow
portion of the impulses recorded even when the tube is enclosed

in ite Ycaostlet'y, At the begluning aﬁd end of each counting
'saasion & count was performed with the tube emply and clesn, and
the meon ‘background! rate subiracted from all other readingsi

131

(v) Gorrection for radiopctivity decays ~°I decays with

a half«life of 8.1 dayss In the following experiments it wese
always possible to relate the potivity of plasma to the adbivity
of packed cells of the same sample within such a short period of

time that no correction neaded to be made for decsy.
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EXEERIMINTAL

A, Preliminaxy Experiment Without Temperature Control

The determination of trepped plesme in rabbit, dog, horse

aﬁﬁ bovine bloods after m@ntrifugatipn at 1500 g for 30

minutes, tempecature unknown

About 10 ml of blond from each of the experimental animals'
wag collected in a stoppered hottle conteluing heparin. About
042 ml of p solution of homologous seﬁum albumin trace-labelled .
with 131I was edded to each sample which wes then mixed thoroughly
by repeated inversion for at least one minutes Yach cample was
divided and treneferred Uo btwo polythene tubes and two Wintrobe
heematoordt tubes by meann of a teat plpettes ALl the tubes
waee then eentrifuged in the M.8.E. mediﬁm ceniyifuge for 30
ninutos at an ROF of 1900 &4 Afber centpifugation most of the
supernatent plasma wop removed cersfully with a teat pipette and
the polythene tube olamped below the btop af the red eolumn as in
Plaoure 1 e tube vas then oub off just below the olamp =and
thé paéked calls transferred to a graduated eentrifuge bube which
was spun for ¢ short timo b0 facilitate reading of the volune of
callas The cells were then lysed by addition of 0.02N NaOH and
made up to 10.0 ml for counting., Before the samples wers sheken,

e. drop of capryl aloohol was edded to prévent fomming. Duplicate



Separation of packed cells free from plasma

L — q r
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0.2 ml semples of the supernatant of each bleood sample were made
up to 10,0 nl with 0.02N NaOH. Redlosctivity determinetions
wore ocarried out in the M6 liquid counter. By comparing the
count rates of the cell samples with thoss of the corresponding
supernatent plasms 1t was possible to ¢aloulate the amount of
plasma in each cell sample and hence the percgentage of trapped
plesmas  The results are shown in Tobles 3,4,5 and 6 and summare
~dised in Table T

In the foregoing experiments on various spaciea the cone
ditions of centrifugation used were those generally accepted for
estimations of human blood, snd the resulte obtained in the rabbit,
dog and horse are comparnble to tho figure of 4«5% now generally
agreed for human blood under these conditions (Gregersen, 1951).
The result for bovine blood is obviously in o different category,
ranging from 6‘;/5 to 24% with & mean of 12.5% in the 22 samples
Est;ud;ledé‘ Becnuse oi—‘ the very wide :Eangé :in.the results obtained
for bovine aamﬁlea it would obviously be unwise in expaiimeﬁtal
vork %o epply the mean correstion of 12% indisoriminately to ;il
samples and it seemed that the results on hovine bloods, which
ware surprising, warranted furthey investigation.

1% seemed likely that oloser packing of bovine cells could
he obtained by incressing centrifugetion either by using o greater
RGP for the same time or the same RUF for a longer period of time
and 1t was decided to try the latter methods A8 a preliminery



PABLE 3 - RABBIT

THE _DEVERMINATION OF TRAPPED PLASMA IN BLOOD AFTER
CENTRIFUGATION AT 1500 g FOR 30 MINUTES, TRUPERATURE UNKNOVN

. Vol,
Corregted Corrected
Rabbit Vol. Cells . N Plasma % Plasma
- Counts/min.,  Counts/min/
1 0,80 48,0 328.2 «029 3.7
2 1,15 99.4 453.3 +044, 3.8
3 1.30 87«4 440,0 »040 2l
4 1.%5 103.4 48146 043 342
6 1.00 177 458.1 +034 344
9 1,10 T4¢4 40341 037 Se4
10 1,17 122.3 53741 w046 5.9
12 1.17 9445 441.3 «043 ST
13 1410 6046 W 361.4 +034 30
12 1440 97.2 436.7 045 3,2
15 1.30 6946 388,4 .036 2.8
16 1.0% 55;4 4%8.8 «029 2.8
17 1.50 T9.4 35540 +045 340
18 1.25 73«3 465.() «032 2.5
19 127 6349 39641 ,032 2.5
20 1.58 138,2 52745 052 3.3
301

22 L5 9T a3l 4045

Mean 3:5:0047

Range 2.5 = 4.4



TARLE 4 = D60

THR _DETERMINATION OF TRAPPED  PLASMA IN BLOOD AFTER

OENTRIFUGATION AT 1500 ¢ FOR 30 MINUTES, THMPERATURE UNKNOWN

Dog Vol Cells Corrs Counis/Min, Corr. Counte/Min. % Plasma

My°f N pl_’ o ggl;s._‘ ‘ Qe2 m; Plaamaf in Cells
1 1.70 448.7 1644.1 3.21
2 1.0 2806 1259,0 3.19
3 1«40 531.9 1408.4 307
4 1450 43646 15772 2483
5 170 56142 18342 3,60
6 1435 291.6 179442 5,24
7 1440 312,7 163042 2491
B 1440 36445 1658.9 3,14
9 1440 30640 143345 3.22

10 127 236.8 13182 2.83

Mean 3,1240.26
Rangﬂ 2085 - 5.69



TABLE 5 ~ HORSE

THE _DETERMINATION OF TRAPPED PLASMA TN BLOOD AFTER OENTRI-
FUGATION AT 1500 g FOR 30 MINUTES, TEMPERATURE UNKNOWN

Horse Vol. Cells Vol. Plasns o
Nos il ml Plasoma, 7°
1l 1.00 0.028 2.8
4 1,03 -QsQ25 244
3 1.24 0.0%% . 2.8
4 0.9% 0.027 2.8
5 0499 0.02% 245
6 1.00 - 0,025 2459
T 1.10 0.033 340
8 .00 0,031 - 3ed
9 . 0490. 0,022 244
10 Le20 0,03% 249
11 1,22 0,030 2e4
12 l.18 0,032 . 247
15 1*45 0@@44 5.0
14 1.10 0.031 : 2.8
13 0+95 0.02% 244
16 1408 0.034 - 3.2
17 Led2 04026 1.9
18 1.3% . 0.032 ' 2l
19 1.30 0.02% 149
290 L1450 0041 ' 267
21 1.45 0.037 245
22 1.80 . 0.036 2+4
25 1,58 0,034 2.1
25 1.60 0»0@3 440
26 - 1,80 040064 3¢5
27 4 1,65 0.060 3.7
28 1.80 0.069 58
29 1.78 0.068 3.8
50 1.70 0071 4.2
31 1.65 0.068 4ed
32 1.68 0.070 42

Moan 2.940,67
Range 1.90 « 4,20



TABLE 6 = COW

THE DETERMINATION OF  TRAPPED PLASMA IN BLOOD AFTER
CUNTRIFUGARION AT 1500 g FOR 30 MINUUES, RMPERATURE UNKNOWN

Cow Vol. Cells Vol.. Plaams

e 1l ml Flasia 7
1 1,40 0,097 6.9
2 1436 0.208 15,3
3 1455 G.229 14.8
4 1.50 0090 6,0
5 1430 04101 N
& 1,35 0,139 1043
7 1.35 0.120 8,9
2} 0.60 0. 037 6.1
9 1435 0142 1045

10 1.10 0,075 648
KRS 1422 0,138 11.3
12 1.32 04161 12,2
13 1.50 0,211 16,2
14 Q90 0,105 3.7
15 2400 0.488 2444
16 1,60 0.269 T 1642
17 1.90 0.319 16.8
18 1.53 0.298 1845
19 - Leh5 0.229 14.8
20 2300 04180 5.0
21 1.72 0.206 12.0
22 1.75 0. 305 174

Mﬂm 12;5‘1‘4084
R&nge 6;0 v 24-4



TABLE T

SUMMARY OF DETHRMINATIONS OF TRAPPED PLASMA IN RABBIT,

DOG, HORSE AND GOM_BLOODS AFTER CENTRIFUGATION AT 1500 g

FOR 30 MINURES, TEMPERATURE UNKNOWN

~ Nos of Intercellular
Species Animals Plnema Range
Rabbit 22 3.3 + 0.47 2.50 = 4.40
Dog 10 79 § : 0.26 2.8% - 3660
Horse 32 2,9 + 0,67 1490 = 4.20

Cow 22 1?05 1‘ 4:84 6¢00 v 24v40
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to estimating trapped plasma under new oonditions of centrifuge
ation it was decided to estimate the effect of these conditions
on the normal haematoorits of various species. Because of the
tendenoy of ordinary centrifuges to heat with prolonged use it
vas decided to use a msghine with temperature control. All |
subgsequent experiments were carried ouﬁ uging an M.S.Mle Tos
frigerator centrifuge. Initially this machine was run at 15°0.

.0, a little below room temperatire.

Summgrx

Trapped plasma was estimated in the haematocrits of 22
rabbits, 10 dogs, 32 horses and 22 cowa under conditions of centri
fugation acceptable for estimations on man. The results in rabbit,
dog and horse were comparable to those of man, but in the bovine s
mean of 12.5% was obtained with a range 6.0#24.40%,

It was decided to investigate the effect of longer centrie
fugation on the percentage of trupped plasma. As a preliminary
it was decided to determine the effect of longer centrifugation

on ‘the normal haematoorit snd for this purpowe to use a centrie

:ugq with temperature control.
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Bs. Experimenta in a Temperature Controlled Centrifuge

(1) The effect qf ingressing the time of centrifugation on

Haematoorit determinations of bovine, éheep, dog, rabbit,

pig and horse bloods, Centrifugntion st 1500 g and 15°C

Heparinised blood samples were colleoted from at least ten
individunls of esch of the sbove specles and Wintrobe haematoorit
tubes were set up in triplicete for each sample. Theae tubes
were centrifuged for e total of 3% hours. Readings were taken
at 5, 10, 15, 30, 45, 60, 90, 120, 150, 180, and 210 minutes,

In oxder to facilitate comparison hetween different semples the
haenatoorit rendings at the different time intervals were all
expressed as n percentage of the final reading at 210 minutes.
The results are shown in Table 8 end Figure 2. It is obvious
that the speclds atudied fall into two groups. In the dog,
rabbit; pig and horse the cells have packed down feirly well
after one hour's spinning, whereas in bovine and sheep 2«3 hours
spinning appears to be necesaary. Since the trapped ﬁlaam& is

& minor part of the red cell column the species differences which
have been shown to become apparent aimply on determinstion of the
haematoorit, must correspond to relatively lerge differences in

the proportion of plasmn trapped smong the red cells.
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PIGURE 2
The effect of increasing the time of centrifugstion on haematoorit
determinations on the blood of verious species. Centrifugation
at 1500 g snd 1’5°G.~ The earlier hsemntoorit readinge are oxe

pressed as n pergentage of the final rending at 34 hours,
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Bummaty

Heematoorit determinntions were made at different times of
gentrifugmtion st 1500 g and 15°Q in various species. Bovine
and gheep red cells were found to pack poorly if spun for under
2 hours., 'This was in line with the previous expewiment in which
trapped plasma in the bovine hdematocrit was found to be high

when gentrifugation hed been csrried out for %0 minutes.

(2) Determination of the Intersellular Plesms in Bovine Blood

after Centrifugation for 2 hours at 1500 g and 15°0

66 semples of bovine blood were obtained in heperinised
bottles from that number of animals when they were being sleughtered
at an abattoir, Trepped pi&ama,wa? estimated in duplicate samples
by the method outlined in the preliminary experiment (A), but with
the cﬁnﬁrifugation time inoressed to two hours. The results are
shown in Teble 9.

Ap it hed been demenstrated that bovine blood showed o large
drop in heematoerit between 30 minutes and 2 hours spinning st
1500 g and 1500,,it was expected thﬁt the determinstion of trapped
plasme after 2 hours centrifugation under these conditions would
give a result iawar than that obtained when the conditions of
centrifugation were 1500 g for 30 minutes, temperature unknown.
However, it was found thot the amount of trapped plaswa was 11l.4%
with a very wide range, similer to the result in the preliminary

experiment.




TABLE

DETERMIVATION OF INGGBCULLULAR PLAGMA _IN 66 BOVINE BLOODS

AFTER 2 HRS. CENIRIFUGATION AT 1500 & AND 15%

Gow ¢ Trapped  Cow % Trepped  Cow % Trapped

No. Plasma No. Plasnn, No« Plasms,
1 15.9 23 - 9 45 124
2 9,8 24 849 46 10.8
5 742 25 15.6 AT, 12.3
4 8,8 26 10.4 48 1744
5 741 27 8,0 49 6.8
6 14.4 20 T8 " 850 1640
7 11.7 29 T+9 51 13.2
8. 13.4 30 R P4 .oob2 . 0 12.1
9 115 Bl 1545 53 1744

10 640 ®2 12,9 54 9e5

11 9.8 33 4.7 %5 - 13.0

12 5.5 34 7.7 56 1843

13 641 3% 1T.1. LY 12,8

14 5.8 56 10.2 58 1346

15 1642 x7 14.5 59 12.9

16 843 3B 18,6 60 1642

17 644 39 8,8 61 47

18 6ed 40 15.8 62 11.6

19 9.9 4l 11.6 63 7.6

20 8.9 42 13.7 64 20.5

21 845 43 15.4 b8 14,0

22 842 44 16.3 66 174

Maan 11,9 b 3.9 Range 4.7 « 20,5
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This result was surprising and seemed to throw doubt on the
validity of the method for estimating trapped plasma. It suggested
that the drop in haemstoorit of bovine blood between 30 minutes and
2 hours centrifugation was not simply due to closer packing of
cells with the sppropriate decrease in intercellular plesma. It
geomed that there might be sotme other factor involved, e.g. the
extrusion of fluid from the cells as a result of the prolonged
centrifugation,

An experiment was therefore carried out to test the validity
of the trapped plasme corrvection over s wide range of hsematoorit

values of the same blood sample. This 4s described below,

(3) Experiment to test the validity of the method

of estim@tian of trggggd glasma

About 5.0 ml of 131& labelled albumin was added to approxie
nately 300 ml of heparinised bovine blood whioch was then thoroughly
mixed. JFrom thie blood 48 samples were mede up in polythene
tubes and from each tube two Wintrobe haemntoorit tubes were
filled, and all tubes were spun at 1500 g and 1500. Four poly=-
thene tubes and the corresponding heematocrit tubes were removed
after 15, 30, 4%, 60, 75, 90, 105, 120, 135, 150, 165 and 180
minutes centrifugation. The haewatoorits were read, the poly=
thene tubes olamped, volumetric and yadiosctivity determinations

performed on cells and supernatant, and the percentege of trapped
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plasme caloulated as desoribed in the preliminery experiment (4).
The volume of trapped plasma was then subtracied from the ohe-
sarved haematoorit of each samﬁla to determine the true red cell
volume and the results are shown in Teble 10 and Figuré Be

It is clear fram'tha iaaults iﬁ Table 10 end Figure 3 that
the drop in haematoocrit ;hich ocoura with prolonged centrifugstion
of bovine blood is sssociated with a corresponding drop in the
trapped plesma. When gorrection is made for the trapped plesma
ot different times throughout the experiment n frnirly constant
figuve for red cell volume: is obtained, This neems an adequate

vindication of the method.

Summaag

Trapped plasme was estimanted in hovine blood after centri-
fugation for an inuressed time, The temperature of the centrie
fuge wag 15°0a The proportion of trapped plaesma was litile
less than thet determined invexperiment (4). ‘

The method of estimation of trapped plesma wes tested snd

considered to be vrlid,



| PABLE 10
EXPERIMENT TO TEST THE VALIDITY OF 9HR METHOD OF RSTIMATION OF

TRAPPED PLAGMA,  CENTRIFUGATION OF SIMILAB, BOVING BL@QHS IK POL, You

YMEKE TUBRS AT 1500 g AND 15%., FOUR 'WUBES REKOVED AT BACH

TING  INTBRVAL

Geﬁiggfggation nggzgisgd) ‘rmzfped gﬁ;ﬁia ((:ogzg*bgg for

Ming.. R Plasme  Plasme  Trapped Plasma)
15 55«4 47.3 26,2 2942
30 45.0 3043 1346 314
45 4049 24,9 10.2 30,7
60 36,3 142 Ta4 3049
7% 37.0 16.6 6.1 30,9
90 35.8 1447 503 3045
105 35,7 1540 5ed '~ 30.3
120 34,9 12,2 443 30.6
135 34,8 12,7 44 30.4
150 3447 12.3 443 3044
165 5448 1146 4.0 30.8
180 o 54,? | 1@y6 356 o 30.4

Mean 30.5 + 0.5
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WIGURM 3
The vomparison of measured (obaerved) and true hoematocriis of
bovine blood after varyilng periods of centrifugation at 1500 g

and 15°C.
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Following the last experiment a» different explenation had
to be sought for the apparent lagk of decrease in hovine trapped
plasmn even after prolonged centrifugntion at 1500 g and 15002
It was noted (able 10) that after 30 minutes gpinning ot 1500
the proportion of trapped plapma waa’ﬁOJB%, nn even higher figure
.than that obtained in the preliminsyy experiment (A), when the
'aentrifuge without temperature aonirol was used. This suggested
that the temperature of the centrifuge might be sn important
faﬁtar in influencing the result of determination of trapped
plasma, ag up to 30 minutes spinning time, conditions of contrie
fugation in those two experiments had only differed in that
regpects It wes declded to determine the effect of varying
temperatures on the haemsiverit readings of the blood of various
species as a prelininexry to studying the effept of temperature

on trapped plesma distribubion.

(4) The Effect of the Temperature of Centrifugation

on the Heenatoorits of the Blood of Various Syenies
Quadruplicate samples of blood of each specles were spun in
standard Wintfube haematoorit tubes for 30 minutes at 1500 g at
5 104 154 20 and 2506¢ The mﬁeraéelhaématoerit repding at each
temperature below é5°é was expressed es a percentage of the rende
iné at 25°C which was taken as 100%.  ‘The results are shown in

‘Figure 4. It is clear that the red cells of all species pack



FLQURE 4

The effect of the btemperatura of the centrifuge on the hrematocrit

of the blood of various spsuies.
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more effectively with inoreane in temperature of the centrifuge
and this is most marked with the red cells of bovine, sheep and

pigs To confirm this finding 1t scemed desirable to determine

4% it vas reflected in the amount of plosma trapped at different

temperatures.

(5) e Effect of the Temperature of Centrifugation

on_the Percentage of Plusma Prapped in the Haemntoorit

Hemologous 13lIulahellad albumin was added to heporinised
blood samples f'rom four pigs and mixed wells, Duplicste sanples
of esch pig's blood were placed in polythene tubes and cehﬁri»
fuged at 1500 g for %0 m:nutea, ane gample 1n the M.8,B. Medium
Centrifuge at a temperature varying from 20~35 G, and 1ts duplioate
in the refrigernted centrifuge at 15 Ce The amount of trapped
plasma wos estimated as before and the results are shown in Table

11.

Summory

The results of experiment 5 confirm those of the previous
one and explain the apparent anomasly between the results of
experiments (A) snd (B)1 and (B)2, i.e: follure to optyin bettenr
paoking of red cells when the time of centpifugation wes greatly

incresseds The incressed time had been offset by the poorer

packing obtained at lower centrifuge temperatures in experiments



TABLE 11

THR  WFPGGT OF THE TRMPERATURE OF THR CENTRIFUGE ON 'HE

PROPORIION OF PLASMA DRAPPAD IN THG HARMATOCRIT OF THE

BLoop  (PIG) 1500 g FOR 30 MINS.

Intercellular Plasma %
e iy Aty g e S gl 0 D i i N s S O D gt Tty S g S0 g b S iy S PO M - S Y S 0 M i A 90 S Yo

Animal No.

Gentrifuge Centrifuge
Tamparatufe‘lsoa Tempeggture 203570
1 13.8 5%¢6
e 1l.4 549
3 14.2 8.7
4

7.9 59




(8)1 and (B)2. Under the conditions of sentrifugation studied,
the temperature of the centrifuge was shown to he of marked impoxtm
ance, and it would appear that for present purposes, 2500 ig a more
sudtable temparature than lﬁoca All further wvxperiments were
therefore onrrled out ai the higher tempersture, and an ROF of

1500 Ea

(6) Determination of the Amount of Trapped Plausume at

Different Levels of the Red Cell Column.

Modified Analytical Method

It has elready been mentioned that in the past "direct"
determinations of intercellular plasma had been rendered diffie
cult by the technioal problem of obtuining packed cells unconw
taminated by supernetent plasuwa, end representative of the vhole
column, ss thae proportion of trapped plasma varies st different
heights of the column., Other workers have shown that much
more plasms is trapped in the p&oximal than in the distal part
of the haematoorit tube. As heemsetocrits vary, those in the
lower wange hawve g relatively low proportion of trapped plasmas

It wng decided to study the distribution of the plasma
ﬁrappﬁé in the red cell column of the verious species of
domesticated animpls so that graphs might be constructed from -
which the amount of irapped plesms could be estimated for
different volumes of red oell columm in siandard {ubes iundex

stonderd conditions of aentrifugsntion,
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Matoriala and Methods

Until: new the method of olamping & polythene tube Jjust below
the upper surface of the red cell column had beeén used. The dise
advantages were that the uppermost laysr was excluded from exnme
ination, and although the operstion was performed quickly there
wos & ah&rt time when some movement of cells and plasma toock pluce
ayound the site of clamping and their proportions mey have thereby
been pliered. To overcome these difficulties a more accurate
méthod was devised,

After contrifugation and removal of mogt of the plasma the
polythene tube uﬁs plunged into. u béaker aontaining acetone to which
had beon added & block of solid 002 ‘the blood in the tube wos
selidified almogt unstantnnaoualy and that part of it consiating
of red cells wus out into approximately 1 cm lengths by a omall
mechenical saw.  For convenience numbers were givon to each section,
bmginhing with the mbwt distal, a8 in PFigure 5.

The polythene surrounding each 1 om section was out longitudine
ally in three pluces end stripped off the fyrozen biood, which was
Pplaced in'a graduated centrifuge tube, allowad to melt, znd the
volume vesd off (a more precise method based on welghing was ine
troduced later). The cells were then made up to 10,0 ml with
weter containing a little 0.1N NaCll and 2-3 drops of capryl ale
cohol to prevent foaming, snd radiocactivity estimmied in the M6

liquid counter., Plesma samples (usually 0.2 ml) were diluted
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with 0.0LlN Na _OH to 10,0 ml for coumting. As the radiomctivity
in & known volume of plasne was determined it was possible to
caloulate the volume of plusma trapped among the red cells of o
segtion, as the radioactivity of the sedtion was due solely to
trapped plasmo

Measurement of the vblume of a seotion of packed red celis
in e centrifuge tube was thought to be a somewhat inesccurate
method of measuring stuch & comparetively small amount and it
vag decided to find tha agpecific gravity of packed bovine red
cells g0 the volume of guch & specimen could be aslaulated by
weighing the tube before and after blood was put in it and using
the speaific gravity factor.

Heparinised blood samples were obtsined from & bovines by
Jugulax venepuncture end ﬁﬁpliaata samnples prepared. One of the
.samples from esch animal was spun for 10 minutes, the plasma re-
moved and ite specific gruvity determined by means of s specific
gravity bottle. The other samuple of whole blood was used for
the determination of ite specific gravity by the same method and
semples were algso spun in standard wintrobe haematoorit tubes
for 24 hours at 1500 g =nd 2§°C¢ The specific gravity of packed
cells was onloulated according to the formula

S.G. Packed Cells = Safs whole blood x 100 =~ 5.G. plasme (100-Ht)
WGy . o Ll

The results are shown in Table 12,



TABLE

12

THE DBPVRMINATION OF OHE SPROTFIC GRAVITY

OF PACKED HOVINE RED CELLS

So Ht 5.0, Plasma . S0 ?ﬁ@%ég;ﬁod
1 374 1.039 1,063 1,103

2 38,7 1.041 1,065 1.103

3 38,3 1,042 1,064 14099

4 30,2 1.040 1..059 1,103

5 3643 1.041 1,063 1,102

6 36,5 1,040 1.062 1,100

7 3749 1,040 1,064 1.103

8 35,1 1.041 1.064 1,107

Mean 1,103
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Sunnary

A method of £ree£ing the red ooll column and obtaining
sections for snalysis of trapped plasms is desoribed, overcoming
previous critieisms of the 'direot! method of anmlysis.

The speaifia gravity of pscked red cells was determined, 80
that the volume of packed cells eould be estimated more accurately

than before, by welghing.

In the study of the amount of plaswma trapped at different
levels of the red cell column, normal bovine haematoorits usually
provided only 3«4 ssctions and it was decided to inorease this
number by usiag blood which had the proportion of red cells ine
creased by vemoval of 50 to 60% of the plasma before the addition
of labelled albumin, Ib was thought that ineresse in the height
of the packed red cell column might possibly alter the amount of
plasme trapred in the lover sectien snd to determine if this waes

o the following experiment was carvied outbs

(7) The Effect of Inoremse in Height of the Red Cell Golum on the

Propartian of Plasua Yrapped in the Lower Bections

Heparinised bovine blood was divided into two portlons.
One portion was centrifuged for 10 minutes st 1500 g and shout
half of the plasma was discarded, the remainder being termed an

tenriched' semple. The other portion was termed an fordinary!
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samole end both ordinary snd enriched samples had 1311~1aba11ed
bovine albumin ndded and effectively mixeds. Octuplicate samples
of ‘ordinary' and tenriched! blood were placed in pélythene tubes,
contrifuged at 1500 g for 2 hours at 25°C snd frozen, The red
ecll columns were cut into approximetely 1 cm sections and the .-
trapped plasme determined. The results are shown in Table 13,

Those determinations were mede on the blood.of one bovine
and it wes decided to meke a similar investigaetion using blood
from 8 hovines.

From each animal 'ordinary' end Yenriched' heparinised
samples of blood were prepared., From esch type of sample duplie
cate specimens were pleced in polythene tubes, centrifuged and
frozen us described previously, The tubes containing the oxdinary
samples were cut &t the level of the top of the red cell column,
excluding the buffy coat, and the block of cells distal to that
point was used for the estinmation of plasma as desoribed previously.
The tubes containing the ‘enriched' bloed which of course had a
higher haematoorit were cut at the level vwhich was equivelent to
the top of the red cell column of the oxdinary sample and only
the block of oells distal to this point was used for the estiw
mabtion of trapped plasme contpined therein. The results are

shown in Table 14.



TABLE 13

Gk BeTIMARION  OF  CRAPPED  PLAHMA TN

SECIIONS  OF _GHE

HABMAPOORET ~OF NORMAL AND CILL BHRICHED BOVINE BLOODS

laematoorit 1
Section No.

Troapped Plosogd
Ordinnry Hlood He8

720

8.5

Henn

82

feapped Plasnn %
finriohed Blood 57

1.3

el

10,8 12,5 18,5
1

HMenn

81




TABLE 14

THE PROPORTION OF PLASMA TRAPPED IN THE RED COBLL COLUMN

OF ORDINARY BOVINE BLOOD COMPARED WIDH PHAT IN THE éQUIVALENT

SECTION OF YHE HABMATOCRI®? OF MNRICHED BLOOD

Cow ¢ Trapped Plasms, % Trapped Plesma
PNo. Ordinary Blood Enriched Blood

1 D443 5el4

2 6.46 6.48

3 TeT7 7.08

4 6459 632

5 7.12 7409

6 4419 3485

7 6,06 5473

8

414 4419

Mean 5497 5¢T4




Summagz

Heparinised bovine blood samples were each split into two
portions. One of these had the red cell content artificially
sugmented by .the removal of plasms., In all samples trapped
plasms was then estinated in that part of the lower sections
equal in length to the red cell column of the corresponding
untreated portion.l Good agreement was obtoined between the
results from eugmented and non-augmented blood.  These results
indicate that it should be possible to mske sccurste estimation
of trapped plasms gredation in the red cell columns of bloods
of various species using augmented ssmples and construct graphs

to show how trapped plasma varies with the haemntoerit reading.

(8) The Acourate Determination of the Distribution of Trapped

Plasma in the Red Cells of Different Species After

Centrifugation at 1500 ¢ and 25°C

(a) The Estimation of Trapped Plasms in Bovine Blood

After 2 Hours Gentrifuggtion

Heparinised samples from each of 20 bovines had the red cell
column "enyriched" by removel of plasma, and duplicate semples
were centrifuged in polythene tubes which were then frozen,

That part containing red cells was cut in sections approximately
1 om long and the trapped plasme in each section estimated as

described previcusly. The results are shown in Table 15.




TABLE 15

THE DISTRIBUPION OF TRAPPED PLASMA IN UHE ENRICHED RED CELL

COLUMNS OF THE HAEMATOCRITS OF BOVINES APFTER OENTRIFUGATION

AT 1500 g ND 26% FOR 2 HOURS

-9 Trag'ad Plasus in Héematacrit Section No.

L LY T TR U 0l A G s A DY P340 Y OO D ) R 0 TS e e i SR S VL RO e B s O O S S e e A ey e

Cow No. 2 3 4 5 6

1 349 4.7 He2 5.8 6.4 6.9
1 duplioate 2.6 4¢3 5e2 5¢5 6.2 6.6
2 6.1 -T.0 - T46 8.3 8.9 8.9
2 " 5¢4 Ts4 Te9 9.1 94 T
3 5.3 4.4 5.0 545 6.5 6.6
3 " 344 4e4 540 G.6 6.1 67
4 5e4 6.7 7.0 79 8.9 95
4 " 54 6.6 59 7.9 8.5 941
9 56 6.6 T3 8,1 8,8 9.5
9 " ST 6.9 Te5 8.1 BT 9.2
6 5.6 648 7.6 8.5 8.8 9.3
6 " 4,8 6.7 Te5 Te9 8,8 93
T 6.1 Te3 T 8¢5 9+5 10.3
7 " 6.0 Tel T9 8.5 T3 10.3
8 5.0 6.0 6.6 7.2 TeT 844
8 " 5«0 549 6.5 6.9 Te5 8.0
9 344 4.6 5¢1 Heb 643

9 " Se4 442 449 55 5.9

[
<

540 6.2 7.0 7.6 Ted

e - - - -

fay
Q
E




PABLE 15 - Continued

" ¢ Trapped Plasma in Heematoerit Seotion No.

Cow Nos 1 2 3 4 5 6

11 56 6.8 7.9 8.5 9.2

11 duplicate 5.7 6.7  Te9  Bud 9.4
12 5.3 6.5 T2 7.8 8.6

12 " 5.4 6.5 Tel 77 8.7
13 6.1 Tuh T 8.0 9.2
R 61 7.0 T 82 8

14 6.2 TS5 84 91 9.8

14 " 59 T T8 8.8 9.3

15 35 42 48 54 5.9

15 " %5 4e% 448 5ad 641 6.6
16 5.0 6,5  T.l T8 8.4

16 i o - o - -

17 5.0 5.9 6.7 T Tid

17 " S5 5.9 6.6 T4l 7.4

‘18 244 2.9 3.3 3.8 4.0

18 v 2.3 2.9 34 BT 442

19 345 442 4.8 5e3 546

19 3.6 445 5.0 544 5.8

20 449 6.1 6.7 Te3 7.6

20 ® 4.8 6,0 6.8 T2 7.7

Mean 4.8 548 6.5 7.1 7.7 8.4
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It was necessary to determine the plaesma trapped in sections
1 +2, 142+ 3, oto,yy, and this was done by totalling the overw
all volumes for these gections, then the plasma volumes and exe
pressing the latter as a percentages As an example, the figures
for one sample from one cow are shown in Table 16. The average
figures for the 20 cows are shown in Table 17.

As the volume of each section was determined and the internal
diameter of the polythene tube was kunown, the length of each section
wag oaleulated and the proportion of trapped plasms related to the
height of the red cell column., Average [igures determined on the
20 cows, and individual maximam and minimum figures, are recorded
in Table 18 and in grephiceal form in Pigure 6, 'The lower minimum
figure was recorded but considered to ba outwith the normal xange.
Before each bovine blood sample had heen enviched, dupliocste Wine
trobe haematoorit tubes had been filled and were ecentrifuged with
the polythene tubes. Using these haematocrit determinations and
reading off the mean graph (Pigure 6), the results shown in Table
19 were obtained.

As there was o marked difference between the maximum end
minioum lines on the mean graph, individual grephs were drawn for
esch of the duplicste samples from euch bovine (Figures 7, 8, 9,
10 and 11). By reading the hsematocrits egainet individual

graphs the resulits shown in Teble 20 were obtained.



TABLE 16

THE DISTIRBUTION OF TRAPPED PLASMA IN THE ENRICHED

RED CELL COLUMN OF THE HAEMATOCRIT OF ‘1 COW

Tube Weight  Volume Volume o
seotionfo, O Ople fremed  fempes

1 0.4458  0.404 02 3.9

2 0.4504  0.408 .02 447

3 0.4488 0,407 02 542

4 0+4220 0,383 02 5.8

5 0.4389  0.398 03 64

6 0.4380 0.397 03 6.9

1 404 .02 349
142 912 04 4e3
1+2+3 1.219 06 4.6
L+2+34+4 1.602 .08 449
1+2+34+4+5H 2,000 J11 542

1L+2+3+4+5%+6 24397 14 5.5

————_




TABLE 17

THE ‘DISTRIBUTION OF TRAPFPED PLASMA IN THE _ENRIGHED

KED COBLL COLUMY OF THE HARMATOCRITS OF 20 _COWS

o Mesn Mean Mean
Tube Section No. Vol. Cells Vol Trapped % Prapped

m} ‘ Plagma ml Plasma

1 0.424 .02 4.8
1+ 2 0.841 .02 543
1L+2+3 1.237 07 5.7
1+2+3+4 1.629 .10 6.0
l+24+34+4+5 2.018 , o13 6.4
L+24+3+4+5+6 2,403 , 17 649

————— —————



TABLE 18

THE DISTRIBUTION OF TRAPFED PLASMA IN THE ENRICHED RED

CELL COLUMNM OF THE HAEMAROCRITS OF 20 COVWS

RELATED TO THE LENGTH OF THE CELL COLUMN

Volume Length % Trapped

Tube Section (ml) (mm) Plasme
1 0442 9.6 4.8

1 +2 0.84 1940 5¢3
Average 142 +3 1424 2840 547
(20 Gows) 14+2+344 1.63 %649 640
1+2+5+4+8 2.02 45.7 6.4
1.+24+3+4+5+6 2.40 5444, 6.9
1 0.45 10,1 6.1
Meximum 1L+2 43 1.27 28,7 7.0
(Cow No. T7) 1+24+ 344 1.66 376 7.3
1+2+3+4+5 2,05 4643 7.8
1‘*‘2‘*‘3"'4'}'54‘6 2,48 56.0 Be2
1 Q.44 9.9 5.4
1 +2 0.85 19.3 5.8

Miniman L +2 + 3 1,23 27.8 4.2
(Cow No. 3) 1424344 1.64 3741 4.5
L+2+3F+4+5 2402 4547 4.8
1+24+3+4+854+6 2.39 5440 5e1
1 Q.42 Geb 243
1 +2 0.79 17.9 246
Subeminimum L+2+3 1.20 27.0 2.9
(Cow lio, 18) 1+243+4 1.58 39,7 3el,
l14+4243+4+5 2.00 4447 343

- T —————— T ——
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TABLE 19

THE PERCENTAGE OF TRAPPED PLASMA IN WHE RED CELL COLUMN OF

v it

RESULTS OBTAINED BY READING INDIVIDUAL HARMATOCRITS AGAINST

Bovine

THE _MEAN GRAPH

Tovine gy fjwemped  Bowine gy % Wearped
1 3046 548 11 3849 6.2
1% 2045 548 11* 3849 - 6.2
2 30,5 5.8 12 36.8 6.2
L3 3149 549 12% 36,6 6.1

3 3247 549 13 38,2 6.

LB 3244 549 13% 3842 6.1

4 3448 6.0 14 46.0 6.2
4* 3445 640 14* 4040 6.2
5 3642 640 15 39.9 6.2

5% 3740 641 15% 39.9 6:2

6 3544 6.0 16 4043 6:3

6% 3504 - 6.0 17 5740 641
i 3542 6.0 17* 37.0 6:1
T* 3545 6.0 18 39:1 6.2
8 38,6 6:2 1% 39.1 6.2
g 38,8 642 19 36,9 6:1
9 37,9 6.1 19% 36,9 6.1
9% 3749 6.1 20 43.4 6.4

10 36,7 6.1 20% 6.4

434

* » Duplicate

Mean 6.1 + 0.2
Ranpge 5.8 = 6.4
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The proportion of trapped pleeme in pelation to the height of the
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The proportion of trapped plasma in velation to ihe height of the
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The proportion of tyapped plasma in relation to the height of
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TABIR 20

THE PRRCENCAGE OF PLASMA IN THE RED GELL COLUMN OF THE BLOOD

OF 20 (0WS

RESULYS OBPAINED BY READING INDIVIDUAL HAEMATOCRITS

AGAINBT INDIVIDUAL GRAPHS

Bovine T % Trepped  Bovine Bt % Trapped
Hoe Plasms Ho. Plasmy
1 3046 46 11 38,9 Te3
1¥ 30:% 444 11% 389 13
2 30,5 6.8 12 36,8 6.5
a% 319 (e 1o% 368 6.5
3 32,7 444 13 3682 7.3
3* 5244 445 13% 3B.2 Te5
4 3448 647 14 4040 T+9
A% 3445 64 14 4040 7.5
5 3642 6.8 15 39,9 4.6
5% 3740 Tal 1% 39.9 446
6 3544 740 16 4643 6.6
&* 352 6,6 17 37.0 644
7 3542 Te3 17* 37.0 6.2
T* 5545 T2 18 39.1 342
8 58,6 6.2 18% %01 3.2
g% %8.8 6.1 19 3649 449
9 3749 4.6 19% 5649 AeD
o* 3749 445 20 4% ¢4 6.6
10 %647 6.3 20% 4344 646

* = Duplioste Mean 6.0 + 1.3

Range 3.2 = 749
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[ .
uumma?y

The proportion of trapped plasma in sections of the hsemato-~
orits of 'cell enriched! bovine bloods was determined after centri-
fugation for 2 hours. Mean and individusl graphs were constructed
by plotting the proportion of trapped plasma ageinst the height of
the red cell coluumn.

Haematoorits of equivalent 'ordinary' bloods were determined,
Trapped plasma wags estimeted by reading the haemstoorits against
both the mean graph and individuwal graphs. There was fairly good
correlation between these estimations, but the resulis mhtaiﬁed by
resding off individunl graphs showed rather n wide range and it

van thought that longer centrifugation might reduce this.

(b) The Estimation of Trapped Plasus in Bovine

quod After 3 Hours cent:ifugatiog

Duplicate samples of heparinised blood from 28 bovine animals
were prepared for centrifugetion as in the last experiment, but
centrifugation was continued for 3 hours. It was decided to
estimate the total trapped plasma in the red cell coluun, but not
to estimate its distridution throughout the column., Accordingly,
after quick~freezing the red cell column was cut immedintely below
the buffy coat and the rndioaptmvity in the distal block of cells
estimated end compared with that in the corresponding supernatent
plasma. The results are shown in Table 21. The mean and renge

are not significantly different from the figures determined when




TABLE 21

BOVINE % TRAPPED PLASMA 1500 g 25°C 3 HOUES

% Trapped % Prapped % Prapped

Gow No. Plasms Gow Now Plasma Gov No, Plasme
1 54 1l 444 21 T4
2 6.5 12 646 - 22 S
3 7.8 13 649 23 4.6
4 6.6 " - 649 24 6.8
5 7ol 15 7.3 25 6.2
6 4.2 16 6.3 26 3.2
7 6.1 17 4.6 27 445
6 4o 18 603 28 6.5
9 45 19 Te2
10 7.0 20 6.0

Mean 6.1 + 1.3
Renge 3.2 « 7.8
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gentrifugation was carried out for only 2 hours.

(c) The Hstimation of Trapped Plasms in Sheep Blood

Aftér"aéfhuurs Gentrifugation

Trapped plasma‘gradatien and total trapped plasma in the

~ red oell column of the blood of sheeplwaa studied in the same way
as had been done in the bovine, Heperinised blood semples were
obtained from 13 sheep and duplicéﬁe standard haematoorit tubes
prepared for each animal., 'The remaining blood of each animal

was 'enriched! by removal of plasme and duplicate samples in polye
thene tubes éentrifugad with the Wintrobe tubes. After centri-
fugation the heenetocrits were read snd the polythene tubes frozen,
cut into 1 em sections, and measured ns has been describéd for the
bovines An example of the range of figures obtained is given in
Table 22 end Figure 12.  Again the length of each section uns
caleulated and graphs constructed by plotting the percentage of
trapped plasna found in a section against the height of the
haematocrit. An individunl graph was prepared for each animal
and & mean graph prepared from the sverage figures. Hstimations
of trapped plasmn were made by reuding off individusl graphs and
the mean graph according to the haematocrit of each'sheep.and the
results are shown in Pable 23. ‘The fipgures derived from mean
and individual graphs arve so similar that no gross error would
oceur with the use of a correction facter for 'trapped plasma'

if that was obtained by reading off the 'mean' graph. The aveérsge




PTABLE 22
S ———————————

DISTRIBURION OF URAPPED PLASMA IN THE RBD CBLL_ COLUMN OF

TR ENRICHED BLOOD OF THE SHREP AFTER CENTRIFUGATION AT

1500 g AND 25°¢ POR 2% HOURS

Tube Section Volume %

Now (m1s) Trapped Plasma
Average of 1 1_2 g:gi %:g
? ;?e'?ﬁ L+243 1425 3.7
“Pi%ﬂ 1L+2+34+4 1.65 4.1
SHMPLeS 1+2+34+4+5 2,05 445
1 0441 340
1 +2 0.85 3.6
Maximumn 1+2+3% 1.30 4ed
(Sheep 13A) 1+24+34+4 1.70 445
1+2+3+4+5 2.10 448
1+42+35+44+54+6 2437 5el
1 0.35 245
1 +2 0.78 2.8
Minimum 1+2+3 1,19 3.2
(Sheep 24) 1L42+3+4 1.62 5.6
1+2+3+44+5 1.99 549
1+2+3+4+54+6 2,24 4.2

...........



FIGURE 12
The Proportion of trapped plasma in Relation to the hedght of the

red cell ocolumm,
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TABLE 23

THE PERCENTAGE OF TRAPPED PLASMA 1IN THH RED OELL COLUMN OF

THE SHEBP APIER CENTRIFUGATION AT 1500 g AND 25°C FOR 2% HOURS

Percentage Trapped Plasma

. Sheep No. - Ht _
, Erqm.Mhan Gtgph_ | From Individual Graph
1 2244 5ed -
.2 2943 3.8 344
5 5245 39 5.9
4 25.8 5e5 , 35
b 527 349 3+9
6 35.2 440 _ 3.8
T 2341 345 503
8 313 548 440
9 5647 4e1 442
10 44,0 4% 4.6
11 ALk 4e3 445
12 4349 444 445
13 0.2 S e 4.6
Mean 440 $-0.4 440 + 045

Range 3ed = 445 3¢3 « 446



- 45 -

trapped plasme estimated by reading off individual graphs hes a

narrower range than similarly estimated figures on bovine blood.

Pig After 1 Hour's Centrifugation

The study of the distribution of trapped plasme in the red
gell column of the blood of the pig was carried out as for the
bovine aﬁd sheep. Blood was taken from 21 animals and &uplicate
Wintrobe haematoorit tubes filled fron eadhi Duplicate enriched.
gamples were then . prepared and centrifuged in polythene tubes.

An indication of the range of filgures obisined is glvern in Table
24 ond Tigure 13. . A mesan graph and individual graphs were drawn
and the percentage of trapped plasma for each animel r@ad.off
according to the haematoerit of its normal bloods The results
aﬁe shown iﬁ Pable 25, It con be secn that estimations based
on the mean gvaph have n good corrvelation with those based on

individual graphse

(e) The ﬂgtimation of Trapnped Plasma in the Blood

of the Dog After 1 Hour's Centrifugation

Trepped plasma in the red cell column of cunine blood wes
examined in duplicate samples from 13 dogs as previously desoribed
for cow, sheep and pig. The findings sre summarised on Tables

26 and 27, and Figure 14,



TABLE 24
B e ra

DISYRIBUTION OF URAPPED PLASMA IN UHE RED OELL COLUMN OF
THE HNRICHED BLOOD OF THE PIG AFTER CENIRIFUGATION AT
1500 g awp 25% FOR 1 HOUR

Tube Seation Volume » :
No« (mls) Trapped Flasmne
1 0.44 2.7
142 0.85 3l
Iveraga of L+ 2+ 3 1.24 38
21 pigs 1+2+3+4 1.568 3.8
14243 4+44+5 2,00 4.1
L+24+34+4+54+6 2,38 4¢3
:!,. + 2 0.89 506
Maximum A k243 1.28 4.0
(Pig 154) L + 2 + 3 ¢ 4 1.65 4.4
L+24+34+4+5 2,06 4.8
1*2*5*4*‘5‘?‘6 2.42 501
1' 0&42 2«4
T l+ 2 0.85 2.8
Minimum X +24+3 1.22 3s1
(Peg128) 1 +2+34+4 1462 E‘g
‘ L4+424+3+4+5 2.00 Beb
14+42+34+4+5+6

239 38




FIGQ&E . L 5‘

The proportion of trapped plsems in relation to the helght of the
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TABLE 25
THE PERCENTAGE OF TRAPPED PLASMA IN THE RED ORLL _COLUMN

OF THH PIG AFTER CENTRIFUGATION AT 1500 g AND 25%C for 1 HOUR

Perventage Trapped Plasma

Pig No. Ht :
From Mean Graph From Individual Graph
1 4644 440 4o
2 43.3 349 4.l
3 44,2 B t 3.9
4 439 59 445
5 4548 440 . 3.9
6 A4S 440 : 441
7 42:6 549 . 3.9
8 47.8 4.1 ' 440
9 443 4,0 %.8
10 48.6 Aed . ‘ 3.9
11 459 4.0 ' 4.1
12 4646 4.0 f 3.7
13 4645 440 ' 349
14 45+6 4.0 3.7
15 4449 440 | 4a7
16 5140 4a2 ‘ 442
17 47,0 441 4.2
18 4340 3e9 _ 4el
19 40.8 3.8 403
20 4645 440 44
21 4447 440 440

Mean 4.0 :..' 0.1 Mean 401 i" 0.2
Ronge 5.8 « 442 Range 3eT = 47
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DIGYRIBUTION OF TRAPPED PLASMA IN THE RED OWLL COLUMN

OF THE ENRIGHRD BLOOD OF THE DOR AFTER GENTRIFUGATION AT

1500 g AND 25°G TOR 1 HOUR

Tube Section Yolume %

No. (mla) Trapped Plasma
1 0.44 %40
Avernge of 1+2+3 1,26 346
1% doge 1+2+3+4 167 B8
P +2+3+44+5 2406 440
1+42+3+4+5+6 2448 4e2
1 0,41 343
1+2 0.88 37
Maximum 1+2+ 5% 1.29 3.9
1+2+3+4 1,66 Ae2
142434445 1.99 4.4
1+24+3+44+5+6 2,38 6
1 0,40 2.8
. i + 2 3 2%60 3,0
4 + + | bﬂa 592
Ninimm 1+2+3+4 1.62 345
L4 2 +35+4+5 1.99 3,7
142434+44+45+6 2442 38




THE PERCUNTAGE OF TURAPPID PLASMA IN THD RED GBLL

COLUMY OF THE DOC ASTER CEVIRIFUGMTION AT 1500 g

ARD_25°C JFOR 1 HOUR

Peréantag‘e ‘Trapped Flasha

Nog Vos Nt
Frowm Mesn Graph Vrom Ind;vi&ual f}?&?h
1 4942 440 440
2 50.8 4.1 BT
3 50.2 440 3+9
4 4143 3.8 3.7
5 3949 348 35
6 5245 4.1 445
7 4469 4.0 442
8 She8 42 4o
9 57«7 4e2 443
10 53a1 4ed, 444
11 ABe4 4.0 3.1
12 50,8 4.1 440
13 5047 443 440

Mean 440 * 04l
Range 3.8 « 4.2

Mean 4,0 i 0.3
Range 3.5 = 4.5






- 46 -

(f) The Betimation of Trapped Plasms in the Blood of the

Horae After 1 Hour's Centrifugation

Heparinised blood samples were obtained from 10 horses.
Wintrebe haematoerit tubes were filled then red-cell snriched
sanples were prepared for centrifugation in polythene tubes.

131

Homologous I«labelled albumin was added to those semples which

were mixed, centrifuged, frozen, ocut and examined as previously
described for other species,. Individual and mean graphs were
drawn and the results agre shown in Teble 28, Figure 15 and Yable
29« 1% can be seen that estimations of trapped plasus mede by
rending the haematoorit sgainst the mean graph are fairly olose
to estimations mede by resding off individuel graphsa.

The distribution of trapped plasma in the heematoorits of

the different species is illustrated in Figure 16.



PADIE 28
e ———

DISTRIBUTION OF TRACRED PLASMA IN THE RED CELL COLUMN

OF THR GNRICHED BLOOD OF THE HORSE APTER CENURIVUGATION AT

1500 g AND 25°¢ FOR 1 MOUR

Tubae Seotion Volume o A

Now : (wis) Trapped Plasua
1 O.44 1.8
l+2 0.87 : 2%
Average of L+24+3 128 245
10 hoyses b2+ 3 4+ 4 1.08 30
L+2%3+4+5 2,086 5.0
L42+3+4+5+6 2:43 S
3 0,44 19
1l +2 Qmas 2-4
Tt 1+24+3% 1.27 Rae0
(No« 7) le2+ 344 1048 Bul
l+2+423+44+5 2404 L 3
L+ 8 +3+445+6 2447 3.6
1 0.48 1.7
l+2 0.90 240
Mininnm l+24+35 1,32 - 243
(NQ; ﬁ) 1 +2 4% 3 + 4 1«71 Qmﬁ
L +2+3+4+5 Q.11 ST {

L+2+3+4+5+6

245% 249




red oell column,

Total Trapped Plasma Percent

JIGURE 15

- The proportion of trapped plmsma iﬁ ralatiqn $o the height of the

.{_

maximum
/

minimum

Ht of Red Cell Column (mm)

10 15 20 25 30 a5 40 45 S0 55 (1¢]
1 1 t ] ) 1 1 ] i 1 1
¥ ' T ¥ 1 ¥ 1 v T ¥ Y
O'44 Obb o-38 L 133 3.14 177 " 2-21 243 2465

Vol of Red Cell Column (mis)



LABLE 29

THE PERCENTAGH OF WRAPPED PLASMA IN IHE RED OHLL COLUMN

OF WHE BLOOD OF UWHME HORSH ARTGR  CHNVRIFUGATION

AT 1500 g AND 25°¢ FOR 1 HOUR

Percentage 'repped Plasnme
Horse No, Ht
From Mesn Graph Trom Individusl Graph

1 3645 2.7 2.5
& 371 2.7 2.7
5 354 27 2.7
4 344G 247 | 2.6
5 57.2 . 2.7 244
6 4045 2.8 2.7
7 3747 2.7 3.3
8 50,2 500 53
9 3640 2.7 | 2.8
10 3041 246 2.7
Mean 2.7 + 041 Hoan 2.8 + 0.3

Range 2,6 « 5.0 Renge 2.4 ~ 3.3




RIGURE 16

Peroentage of trapped plasma in the heetntodrit of different

specles,
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DISGUSE IOW

In the preliminary experiment (A), estimation of the proe-
portion of "trapped" plasma in the haematocrits of rabbit, dog,
bhorse and cow by the direct method showed that the amount in
bovine blood was obvlously in & diffevent category and much
larger than in the other bloods.

It was declded to study the effect of increasing the time
of centrifugation on haematoorit determinations of bovine, sheep,
dog, rabbit, pig end horse bloods. Becouse it wasg thought that
prolonged centrifugation might caunse over«heating in the ordinary
centrifuge s refrigerator centrifuge wes used and set at 1500.
The results showed that dog, wabbit, pig and horse blood had cells
vhich packed fairly well after one hour, snd hovine and sheep
sanples required 2«3 hours spimning time. Hodgetts (1959),
Kennedy and Millikan (1938) and Chien, Dellenback, Usami and
Gregersen (1965) had recorded that sheep cells did not pack ms
readily as those of some othex specias on centrifugation.

Estiwations of lutercellular plasma were mnde on bovine
blood after centrifugation for 2 hours at 1500 g end 15°C.

As hzematoorits had reduced with ineremsed time of spinning it
waa expectad that the trapped plasmr would also be less than
that found in the preliminary experiment (A). However little
difference was found and an oxperiment wes carried out to check

the validity of the method of estimation of trapped plasma by



the direqt method. It appeared thet the method was valid,

It was then considered that the only real difference betw
veen centrifugetion aunﬁiﬁiona‘during the firet 30 minutes in
the preliminpry experiment (A) and in the later estimation of
bovine trapped plasua at 15“e5 was that of temperature.

The efifect of the tempersture of the centrifuge on haematoe
orit determinations of bloods of various species wag then studied
and ineoresse: in temperature was found to be associated with ree
duction in the height of the'haematgarit; The effect of the
tenperature of the centriiuge was then siudied with regsvd ‘o
its efi'ect on the percéntage of plesms trapped in the blood of
the pigs Increase in the temperature of the centrifuge was
found to be assogiated with a lowering of the smount of trapped
plosma.

This afféct of the aantriﬁuge temperature had not bheen

recorded previously in the literature, snd it explained the

 apparént anomaly thet after 2 hours dentrifugation the amount of

trapped plasma in some bloods centrifuged at ISQG wog no less
then thet found when centrifuguntion at the smme RUF had heen
carried out for only 30 minutés in a centrifuge withoutﬁtemper*
gture eontrol, which ran at a higher tvemperature than 1500.

All later experiments were carried oub with the centrifuge

at 2570, and with an ROF of 1500 g,
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A modified analytical method wes devised which proved
effective in the atudy ;f the distributiﬁn ﬁf trapped plasma
at different levels of the packed red cell columm.

It was desired to study the distribution of trapped plasma
in red cell golumns which were at the top of or beyon&'the normal
range, 80 bloods were prepared with an artificially increased
content of red cells by removal of souwe of the plasmm. Experi-
ments were carried out which showed that the inoreased smount of
red cells did not change the proportion of btrapped plssms in the
lover sections of the column.

Accurate determinations of trapped plasma in the bloods of
different species were then performed. TFor esch species mean
and individual graphs were prepared by plotting the propértion
of trapped plasums ageinst the height of the red cell colummu,
Hlad and Holmes (1953), on thegretical considerationsy stated
that the distribution of trapped plasma in the hsematoorit could
not be shown by a straight line. They pointed out that under
regsonable conditions of centrifugation the amount of trapped
plasms. in the bottom of the tube would probubly be very small
whereas at the top of the red ceell column or in the buffy coat
the proportion might well be over 50%, In the experiments at
present being discussed the buffy coat was excluded and in
practice the distribution of trapped plasma was.found to be
linear. Hodpetts (1959) mlso found this distribution to be

linear.
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Trapped plosma was estimsted by resding off mesan snd ine-
dividual graphs for each spedies, reading the proportion of
trapped plesma pgainst the helght of the haematocrits There
was fairly good sgrecement between estinmptions made from mean
graphs end from individual graphs although in the cage of the
bovine the readings from the meen pgraph were subJect to a degree
of error grester than that found in results in other species.

The finding of 6% trapped plasme in the haematoorit of cow
blood agrees with the results of Reynolds (1953a) but as the
aoﬁditiona of centrifugation she usged were 1260 g for 30 mine
utes she might wall have found a much greater percentage than
recorded. The findings in the sheep were of a trapped plasma
somewhat higher than that recorded by Séhambye (1952b) and
Hodgetts (19%59)., The former used an indirect methiod of estiw
mation snd while the latter used a diredt method she obtained
the red ocells for intercellular plasma estimation by first
removing the supernatant plasme by frequent pipetting., Alw
though this was done éarefully there was some denger that the
cells were a little disturbed and some of the saline used for
washing entered the trapped plasms snd reduced its radioaotivity
per unit volume, which would meke it appear thaet there was less
plasma present that there was in fact. Hodgetts however used
an RCF of 2756 g and it is possible that the samples did in fact

gontain less trapped plasma than was found in the experiments




being disocussed at present. The trapped plasma reoorded in
sheep blood was less than that recorded by Chien et al (1965)
when they uged the same RCF, but for a shorter time. VWhen they
used an RCF of 15000 g in ospillary heematoorit tubes they ree
duced the proportion of trapped plasma, but still found it higher

than in noneruninant species.
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SUMMARY

1. Species differences in the intercellular plaamé of the
haematoorit were desoribed for the first time. It was shown
that under gonditions of centrifugetlion suitable for human blood,
the red dell columns of haviﬁé, gheap and pig bloods contained
anomalously lorge emounts of trapped pinsmau

P While more appropriante centrifuge conditions for bovine
hlood were belng investigates an fmportant tempersature effect

on trapped plasma was observeds This hod not been described
”previoualya

% A direct method for messurement of trapped plasme was
developed which Look into sccount the variation in trapped plesna
along the red oell columm, Oraphs have been prepared from the
rasulte on distribution of trapped plusma in fthe red cell column,
£fronm which trapped plasnma onn be estimated if the hacustocrit is

dotormined,



BLOOD _VOLUME NEASUREMENTS ON DOMESTICATED ANIMALS
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INTRODUCTION

The estimation of blood wvolume by the dilution technique
is based on the injection into the circulation of a measured
emount of some teat substance assooiated with either the red cells
or the plasma, and the determination of its "dilution", A great
deal of the literature is concerned with refinements of methods
of estimation of dye dilution in the attempt to attain a high
degree of sccuravy, but these will not be dealt with in detwil.
The Blue Dye T-1824 (Dvans' Blue)

After injeotion of this dye there may be some difficulty
in assessing its dilution in a plasme sample because of lipnemia
or haemolysis. Such diffioulties may be overcome by extraction
of the dye from the sample as described by Campbell, Frohwan and
Reeve (1958).A- Allen, Ochoa, Roth and Gregersen (1953) have shown
that the spectra} sbsorption curve of 1-1824 is not the seme in
all species of animals. |

P-1624 was uged by Cronin (1954) end Courtice (1943) to
estimate plasma volume in & small number of horses and it was
congiderad & reasonably satisfactory method. even though the
plasma of equine blood is naturally of a i#tner deep yellow or
light brown colour. Stahl and Dale (1958) found that in repeat
estimations on the cow the disappearance curve of the dye was

anonalolia, and there was an anomalous rise in the T-1024 plasma

© e
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volume: Reynolds (195§$jo§ﬁmenta& that the disappesarance rate

of the dye from the circulation of the cow was greater then that

in man or the dog. Shé‘found that the méan mixing time of the

dye with tho general cireulation wag 7.7 minutes, with & renge

of 5«10 minutes, Lipremis wés nok found to be o hasard in

bovine animals, Gchambye (1952b) noted that the time-concentration
levels of the d&e in the plasma of the sheep showed a three phase
curveés When repeat estimntions were made different wmethods of

| acrrecting for dye elready present resulted in fairly wvide 4ifferw
ences in the results obtained., (Courtice (1943) found that this
dye digappeared from the giroulating plesma of the goat more
readily than from the plasma of the dogs  Klement, Ayer and

Rogers (1955) estimated that complete wixing in the blood of the
gont cocurred in 5 minutes after inlection. Loss from the plasus
in the first 30 minutes varied from 6 to 26% and the authore
commented that this was highex than reported for other specles,
Yhey pointed out that as the 1&as‘r@%a did not apye&r to be uniform,

errors in plesms volume determinations night heve been larger then -

expaqjad.L

Gibson, Seligman, Peacock, Aub, Fine and Bvans (1946) come

13y eibumin with T=1824 and in general the

pared the use of
rosults were similap, Some commerceisl preparations conbtnined
excessive free 1311 (Crane and Adems, 1954) necessitating purle

fication by precipitetion. Methods of labelling and purification
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 desoribed previously (Francis, Malligen end Wormell, 1951) overw
come this &iffiaultyal The physioal half«life of the isotope is
8407 days.

Radioactivity determinations gen be carried cut much more
simply than dye determinations and alteration of samples either
by haemolysis or iipaemis introduces no eérrors. 151I~albumin
may become adsorbed on glesaware (Reeve and Frenks, 19%6), and
as the adsorption is progressive an error ie Introduced 1i there
is undue delay between filling of the injecdivn syringe and
deliverys Adsorption may be reduced by the use of carrvier
iodide in glasswave or by detergent (Seer, Allen and Gregersen,
195%) » aniﬂé”albumin way induce an lumune resciion in other
species, however there ls no reason why homologous albumin should
not alwayé e employad,

1511-a1bumin was used by Hausard, Butler, Comar und Hobbs
(1953) to measure plasms volﬁma in the burro. About 200 no was
injected into eaoch animal. Samplées were withdrawn at 15 and 30
winutes post injeotion fox rqdioaeti?ity determinations, Hear,
Allen and Gregersen (19%3) reviewed iho literature on simulteneous
determinations of plasma volume in the dog with 1311«a1bumin and
P»1824 ond carrded out similar experiments on'lﬁ dogs using 1511»
human aloumin., Peterminations agreed on the aversge to within

0.5  'The loss rates during the firet hour after injeotion were

found to be the same, but over a longer period albumin was retaeined
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longer then P+1824. Hencard et al (1953) ocerried out plasma
determinations on cow, sheap and pig, bub were dissatisfied with
the resulis obtained: It appemrs that workers have been rather
slow to adopt iaﬂtoﬁda methods for the determination of plasma
volumes in farm animals.

5gg'gg1;s _

The labelling of red cells with 3QP and their use fox

neesurenent of the cirvoulating red call volume had been shown

to be practicsble by Hevesy, Xoster, Sgrensen, Varburg and Zerahn
{1944)« ‘'The wadioactive phosphate ions penetrate the red cells
und tend to become fixed as organic phosphorus compounds.

-In lebelling burro ¢ells for the praciical determination of

“blood volume, Honsard et al (1953) sdded approximately 150 me
52P $o 19 ml of wholé blood from the animal on which the determine
ation was to be performed, and incubated the mixture st 57&56¢ for
4 hours. After repeated washing of the veod cells and recone

sbitution of the volume with saline, 10 ml was injecgted intree
| venously and a sample takanﬁiﬂulﬁ minutes later. It was ocone -
gidered that mixing was probably complete in three minutea;
Fersistence curves of rediocactivity in the circulating blood were
not drewn for esch buxro, btub several samples were taken £rom some
animals and o graph plotted with exirapolation back to mexro tines
Vhen -the radiometivity of o 10«15 winute sanple was ascortained,
the theoretical radicactivity at the time of injectiion was colw

culated by reference o the gragph.



—
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They considered that their methods were reasonsbly consistent
end practicable as they performed four blood volume estimstions on
eaoh of three burros at intervals of one week. The mean blood
volume estimate for each animal was 62, 6 and 62 wl/Kg and the
B+Dv 2,0 in each Qaaa. They puintegmo?t that the radioactivity
of & second or further injecotion had ﬁéﬁbe of & degree well above
the residual activity of the previous injection or injections.

The amounts of 32? injested into cows were similar t6 those used
in the burro, Bush, Jensen, Cartwright and Wintrobe (1955)
inocubated about 50 ne 33? with 6 ml of homologous blood for one
hour when estimating blood volume in the pigs Blood samples
were teken 10-15 minutes post injection for radioactive assay.
During the estimntion the pigs were anaesthetised with pentow

barbitnl.

51gr and Combined Methods

Sterling and Gray (1950) showed that red cells readily took
up 5lcr and this isotope will be discussed further in Part IX
Section (B). True blood volume ean only be determined when
gimlteneous measurement of the red cell volume and plasma volume.
is oarried out. Stahl and Dale (1958) used 510r~1abelled red
cells in combination with T«1824 for blood volume estimation in
calves. Hodgetts (1961) used the same labels in sheep. Schambye
(1952b) used T-1824 and -°P cells simultanecusly in twelve sheep.
P-16824 was used in conjunction with 2*Cp-labelled red cells by

Klement, Ayer and Rogers (1955) in estimations on the goat.
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Galgglﬁtian.bg Blood Volume

Some aspeots of caloulation of blood volume have been dealt
with in the general introductions If only plasma volume is
determined divectly, blood volume is calouleted fram that and
the haematocrits If only the red cells are labelled blood
volume may be estimanted by assay of a'whola blood semple, but
the red cell volume and the plasma volume can only bé caloulated
by mesns of the haemntoorit. The total blood volumes celoulated
in the above mannare§equire to be corrected for the "I gellg"
factor which relates body haematoorit to venous haematoorit.

The grentest errors in bleod volume caleulation arise from
feilure to make an acourate estimation of the amount of materisl
injected and failure to make the correot allowance for trapped
plasma in the observed hﬂbmataoriti - The gorrection foi trapped
piasma has been dealt with in Purt I. Estimation of the amount
of m@tawial injected depends on careful weighing ox volumetrie
oesey. A suitable apparetus for injeotion will be described
later,

Bxtrapolations

Impediately after injection into the circulation the test
gubstance is not mixed homogenecusly, therefore o snmple ‘taoken
goon after injectlion might be too dilute or too concentrated

end blood volumes ocanloulated from such samples wonld be incorreot,



If the injeoted material escapes too readily from the cire
culation blood samples will show a reduced concentration so the
calonlsted blood wvolume will be larger than the true figure.

J*If gerial semplos are taken after injection and the concentration
of the test substeonge plotted on semislog paper & dissppearence
ocurve related to the loss rate mey be shown. The curve on the
graph can be extrapolated beck to the time of injection vhereby
the theoratical initial concentration of {est substance is indicated,
The validity of this method depends on the assumption thet the lose
rate 1s correctly estimated on the slope of the diseppearsnce
ourve (Uregersen and Hawson, 1943). This 13 probably true, as

by uging this method of celeulstion similer resulis are obtained
using test substences with differing loss rates, eand high osnd low
concentrations of the same dye give compursble results.

It 1w of velue to estimete plasma proteins snd haematoorits
on all samples in en sbtempt to detect any volume chunge by come
parison with the {indings on a pre~injectlon sammple.  Auy sugh
ahilft can then be allowed for in the interpretation of the test
gubgtance timemconcentration curve (Gregevsen end Rawson, 1959).
Extrapolation ulso overoomes the difficulty of detexmining the
mixing time' of the test subsiance with the clroulsting blood,
which may voary between gpecies sand individuals and in gome pathom

logical states,
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Red ¢ell storsge depotss

As the circulation ls not equel in rll tissves, the injecied
substence may not slways reech some "backwoters" or "depots" where
blood movement is sluggish, or i mey not be thoroughly mixed in a
depot such as the_apleon%" Gregerseﬁ (1953) end Reove, Gregersen,
Allen and Senr (1993) cerried out experimente in whioh it wes
estinnted that the spleen of the dog under nembutel annesthesia
contnined spproximetely one quurter of the totel red cells.
Hodgetts (1961) found thot mixing of test substunce after ine
Jeotion into the sheep could be delsyed for 3040 mivmates. Some
sheep given ndrenalin at thqt,ﬁime showad a merked deoresse in
call rediosctivity per~ﬁhit of whole hlood, The T«1824 ourves
aid. hot alter at the seme time so the fall must have been due to
unmixed unlebelled cellas extruded from the spleen,

inderson end Rogera (1957) found the heematoorit very
vnriaﬁle in poatpe  VWhen sdrenklin was administered 1t was found
to rolse the juguler huemetcerit by 15 to 51 per cent. The times
aoncentration ourve wes snomelous in some normel goets, but a
straight line resulted when levels were graphed from dethminationa
in splenectomised animele. They steted thet it was generally
eenepted that mixing in the hlood of dog end men wes complete .
within three minuten. They cited Bavcroft {1923-4) as explaining

inoreases in haematoprit after ndrenslin in terms of spleen




oontraction, snd commented that gince then there had Wieen much
controversy over his theory, Bush et nl (1955) noted that the
haematoorits of pig blood were higher before anéasthesia and
attributed this to enlargement ufyﬁha‘éﬁlean during the influence
of panfabarﬁital»

In the 1iterature on blood volume determinations on farm
animals there have been variations in the methods of calculation,
An gllowance for trapped plasma ard ﬁxﬁrapaiatian mey or msy not
have been taken into consideration.  Sishl and Dele (19%8)
caloulated blood volumwe in the same 17 calves in five ﬂiffefent

veys with five different results as shown below.

Blood Volune

»*wmgiziﬁu»a

is From T»1624 plasma volume and the L

haenatoorit 105 .6
2, Botimation of whcle blood 2 0r withoub

extrapolation 7842
3, Hotimation of whole blood 2 Cr with

extrapolation 693
4e Trom 510r packed red cell volume snd

the haematocrdt without extrapolation 82,5
5e From 51ﬁr packed red cell volume snd

the haematocrit with extrapolsation T440

It is to be expected that blood volume derived from plasma
volume will be over-estimated if "F cells" is not teken into
sccount, but not to the extent shown above., With fairly rapid

losg of a test substance from the ciroulation, whether or not
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extrapoletion is used will have a marked effect on the caloulated
blood velume. In the Tuble sbove the result by method 2 should
have been identionl with thet by method 4, and the reeult in 3
should have been identical with thet in B, se the same swmple
of blood was heing sssayed each bines

In one cvase the assay was made on a sample of whole blood,
gay 1 mlse Yo the other case the sample was Livsed spun and
poacked cells obtained for sasay. lsd the packed cells baen
obtuiged from one ml of blood, the radivactivity determined
should have heen identical to that obiained from the whole blood
gample, in which the radiosstivity is present only in the red
oells. The difference shown in resulis which should be identioal
can be explained by fallurs %o moke the correct allowsnde for
trapped plasme in the haematoorit and the sample of packed red
oellé,=ﬁn sone other feult in measuring technigue,

- WMaguares from the Iiterature on blood volume determinations
on farm animals ave shown in the following tables « Tabie 30 -
horge and burro, Teble 31 « cow, Table 32 « sheep, fsble %3 « goat,
Table 34 » plg and Table 3% « doge  Included theredn are some
rasults which wewe published after the greaterhpart of fhe work
desofibed in the present thesis was gompleted, |

VWhen this work wes started, the decision to employ red cellw
labelling rather than plesma=-labelling wethods was made almost
arbitrarily. It was thought thet the cells were the more solidA

and stable component of whole blood,
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(A) BLOOD VOLUME MEASUREMENTS ON DOMESTIC ANIMALS

WITH 2®p.LABELLED RED CHLLS
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METHODS _AND _MATERIALS

In the initisl experiments when whole blood was withdrawn
the anticoagulant used was oxnlate, but later it was considered
that heperin was a more physiologically normsl substence and in
mach the greater part of the work, the latter was used.

529 was obtained as invrgenic phosphate from the Radios
chemichl Centre, Amershem, Buckinghsmshire, In labelling the
red blood asorpuscles of various spocies for blood volume determine
ations, about éﬁuQﬁOlpn of the isctope in isotonie solution, which
contained a 1itile phosphate, wus added to about‘ﬁ ml of the withe
drawn blood. As will be described later, in labelling the blood
of some species 1t was found sdvisable to remove some of the plasma
before addition of “oP,

The botile contanindng the cells being lubelled wag rotated
frequantly for 1 minuta fto ensure effective mixing, and placed in
an incubator at 37°C for a period of 1.2 hours. IDuring this
time the bottle was rotated for a short period every 20 minutes
or so to facilitete mixing, then centrifuged for & short time
to seporate cells and plasme, and the latier yemoved by pipette
and discarded. The cells were washed by addition of an amount
of lce=cold norusl saline at least 5«10 times thelr own volume,
gentle but thorouvgh mixing, eentrifugation, and removal of the
supernatont fluid, This pro&edure was repeated a further two

to three times to elimlante sny extraneous rodiosctive material.



From time to time the supernatant fluld from the last Qaahing wes
checked for radionctivity and this was found to be negligible.

It was found that there was occaslonelly come tendency for
cells to become hiaemolysed ﬁuging washing, end this was reduced in
loter expeorimente by retulning plaswa from the oviginal blood ssmple
and adding a 1itila of this to the saline beforn ench wesh.  After
the last wash the cells were made up to their originel volume with
galine or original plesns for injeation,

Injection of Labelled Cells

In the celoulation of blood volume baged on measurement of
red cell volume, o great deal of the acourscy depends on the
measursament of the reletively smell voluma’of labellad cells ine
Jooted into the circulation.

In initiel experiments the syringe was filled to the ree
quisite mark, 8 needle inserted inte & vein, the syringe attached
and the contents injeoﬁed; " The sywinge was then detached and the
needle left in place in the weln. Another syringe, filled with
galine, wus uged to flugh residual watevial in the needle into
the oirculations During the process of changing syringes, there
was o danger of loss of redioactive material from the needle by
seapige before the "flushing" syringe could be attached.

“ This diffioulty wes overeome by the following method, which
wag epplicadle in all species with the excveption of the pige 4
large boye necdle or MoGregor introducing needle was inserted intro=

venously and through it was thrended seversl inches of polythene



ceatheter, some of which was retained externnllys  The needle
vas extracted from the skin, slipped over the tubing and removed
after which part of the tubing was fixed to the animel's olin by
adhesive itape. Tho oatheter was filled with heparinised gssline
to preveat clotting und to it wes attached » plece of rubber
tubing approximately 2 inches long, which had a elamp near its
free end which terminpted in n "Record" syringe mount (Fioure 17).
The mount and rubber tubs vere nlso filled with heparinised saline
and the clamp closed, Labolled cells werae drawn into o syringe
to the requisite mark through a 22 gouge 15 mm hypodermic needle,
vhich was then ingerted into the lumen of the rubber tube, the
injeotion mede into that site snd the needle withdrawn. A 10
or 20 ml gyringe sontaining hepavinised saline was attnched to
the proximal "Record® mount, the clamp loosened and ell the
meterial previously Injected into the tubing wes flushed into
the vein., The wolume of galine ugeﬁ for this ourpose was not
lerge enough to altey. the recipient's blocd volume significantly.
A mource of ervor that remelued was that 1t wes not possible
to flush into the ciroulation radicsctive mnterisl remaining on
the lining of the syringe thet hed conteined ithe labelled cellsg
without encowntering the problem of involving materisl lying in
the nozale of the syringe. Thieg difficulty could only be overe
come by first cnlibrating the syriggg to allow for the volume

held in the nozzle.




PIQUEE 17

Apparatus for Imjaotlom.
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collgction and Traatment of ngglan,gfter_xqgecﬁiqﬁ

A vein or veins different from that used for injection was
uséd for withdrawals. Whole blood samples were collected into
hoparinigsed hottles at intervale after injection clther by veneoe
puncture, or through an indwelling intravenous cutheter which was
£illed with heparinised spline betweon auecamaivelsamples. It
was ususlly possible to obtuin sawples without causing engoygew
ment of the vein during the vithdrawal of blood,

Usually 1;0 or 240 ml of each sample was pipetted into u
graduated centrifuge tube oontﬁining a little 0.IN NpOH, made
up to 10,0 ml with distilled water snd sheken befora counting
in the M6 liquid counter., Wo conserve 52? and incresse the speed
of counting of samples from the large fawm snimals, 2 succesaful
‘attempt wes mede to count 9.0 ml of whole blood at one time,

1.0 ml of 0% agqueous "Teepol®™ wns added to lyse the cells and
excessive frothing during the sheking process was controlled by
the addition of a few drope of capryl sleohol, A litile sgludge
tendad to settle at the bot@pm of the centrifuge tube, and a conw -
siderable smount of éhaking wosg raquigéd ¢ disperse ite In

the leter experimentie 1% was found more satisfactory to count

1040 ml of whole blood to whioh & kvife point of ssponin and a

few drops of capryl aloohol had been added before shaking.

Haenetoorit determinations were made on each somple by
£illing two Wintrobe heematocrit tubes and centeifuging at 1500g
and 25°C for 2 hours in the oase of bovine animals, 2i hours for

sheep blood samples and 1 hour in the oase of the bloods of othex
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apacies (See Part 1 Bxpewimental Seotion (B)).

Preparation of s "Standard®

Some of the original materinl injeoted, labelled red cells
rassuppended in original plusis or saline, was retasined in order
thet its rediocactivity might be determined, A sample, usually
140 ml; was ocarefully measured by pipette and made up to 1 litre
with distilled water containing a 1ittle carrier phogphate, some
of which was used to rinse the pig&tte~ﬂix~timas. 140 ml of
this "gtandard® solution was made up to 10 ml with distilled
water for gounting. If the originsl activity was known or found
10 be highex than usual the standard was prepared with & greater
dilution than the 111000 indicated above. In later experiments
the standsrd was prepared by suitably diluting the same volume
of labelled cells in suspension ae hed been injected into the
experimental animal. The volume wss measured in the same syringe

as had been used for injection,

Goun%ipg_af Samples and "Standerd" and Corrections to Observed

Count Rahéﬁ

Counting of EQP*labellad oells was carried out on lysed
samples in the M6 liquid Geigarﬁmu11§r tube, with sorrection for
bagkground aotivity as desdribed under "Mpterials and Methods' in
Port 1+ In mddition the failawing corrections to observed count

rotes were mpplied.
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(a) Coxreotion for Badioactive Decayy 52? deceys with s halfw

life of 14.3 deys. If counting of samples which have to be
ral@ted to each othey is spresd over s sufficient time, differences
due to decay besome significant. Such differences were resolved
by repeatedly counting the "standard" snd relating sumple counts

to standard counts earried out at timas close enough for no
pignificant decsy to have aéaurred; For exsuple, if over a period
of 24 hours the standerd was found to have deceyed by 7%, any
sample vounted at the later $ime could be aompa&gd o an earlier
one by ﬂll@ﬁing for this figure, vs stundard and sample decsy at

~ the same raﬁewAv

{b) Correction for Variations in ﬁanaiﬁivity af‘%he Tube and

Equipment
Such variations were seldﬁm found %0 ovcur to an extent
which necessiteted correction, but on oconsion repeated counts of
the standard indionted that correation should be made. This was
done by noting thé ratio batwsenxthe gnunts of atandard’undar
both conditions and using this factor to adjust the counts acgord.

ingly.

(o) Correction for Self Absorption
| When a 9.0 or 1&.§‘mm semple of blood was counted, the ine
trease in specific gravity of the sample. relative to one which

congisted of 1.0 ml of blood and 9.0 ml of water, resulted in the
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absorption within the sample itself of & proportion of the impulses,
An experiment in counting equal amounts of isotope in watery sole

. ution and in wvhole blood showed absorption to be of the crder of

%% and the counts of whole blood were corrected by that factor.

In later experiments it was found ﬁara gonvenient to ignore this

~ factor, but make up the 'standard' sample for counting in vetained
vwhole blood instead of weter, so that stendard and unknown ssmple
were of similar densities.

(¢) Gorrestion for Resolving Time

The resolving times of the tubea and mechanical register
used vere oconsidered to he in s range far'whieh* in this type of

experiment, no correction wes necescary.



- 70 -

BXEERTNENTAL

During the first attempta at blood volume determinations on
horses and cattle suoh low motivities were obtained after carxying
out the conventional ;mbulling procadure that preparations were
useless for the determinstion of blood volume, but they indioated
that the uptake of’sgP varied markedly in the different spécias

and an experiment wus devised to atudy these differences.

(=) Dhe Relative Rates of Labelling with 5??

af the Had Gel;w of Different Specles

vhole Blood wes withdrawn into heparinised bottles from
three snimals of esch of the following apecles - horse, cow,
oheep, pig and dogs  From each sumple two heemmtocrit determine
ations were mnde and the menn velue noteds A known volume of
each sample wes then spun in o centrifuge tube Yo seoperate ocells
and plesua end by subtraction of plesms each sample was adjusted
to a heematoerit of approximately 50 per cents This was dene so
thot equal volumes of nells would be exposed to equal volumes of
rodioactive ploasmae To % ml of each sample of blaﬁdlﬁas adé;d
1 ml of & solution of 2P sonteining approximately 10 e of redioe
activity. JFach semple wag mixed thoroughly, 1 ml removed for the
preparatlon of a "standard" solution, and the remainder plaged in
an incubator nt 37°0. The contents were mixed gently from time
to time and 1 ml samples removed at intervals of 30, 60 and 120

minutes.
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On ronoval #fter a period of Inuvbation the cells of etch
ganple were uashed as desorihed previously, then dissglved by
addition of a little 0.1N NaOB solntion, Heoh sumple was finelly
maede up to 10 ml with #ater fax‘;ddimmativity doterminations in
the M6 liquid'céunter¢ e saumples rémnved inmadistoly before
incubation for preparation of a "atandamd" vere diluted to 1
litre with water and 10 mi of the mixture was aocunted., After
sdjustment for ddlutiom this count ropresented the totel availe

¥
phle e

P por ml of mixture. The radlosotivity deternined in
samples removed nfter inouhation indicnted the smount whioh had
entored tho red cells end this was exprossed ns a percentage of
that originelly nvailebley  As examplen, figures for nna oow and
one dog sve shown in Table 36« The meon Sindings for eaph
species are shown in Figure 18 and individual graphes for pilgs and
doge are shown in Figure 19,
Suwmry

The uptale of ~-P by tho ved celln of pigy horae, shoep
end oow wies ghown te be very much less than the upteke Ly the
red ¢colls of tha dog.

It wan decided to detormine if the rate of labelling of
horss red cells oould ba increazed by reducing the smount of

plasma to which 52? was added,




TABLE 36

I D S R b

IELATIVE RAMES OF UPTAKE OF “°p BY R,B,08, OF COW AND 10O

Sub;jaeh‘ Bample “"”":X%igf"mﬂ/ Uptake %
Cow gﬁigigtinn D 41823
No. 30 minutea K 330 0.8
] 60 minutes 64 146
90 minutas 1119 2.7
120 minntes 1504 Beb
- Dog ?ﬁggg;tion ‘ 41720
Noe 30 minubes 39040 7.4
1 60 minutes 6204 1541
Y0 mEnutes 9536 2247

120 minutes 1161% 2683




HIGURE 16
The uptékg of 521’ by the rebaos. of different species,
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- BXGURE_19
The uptoke of “CP by the ¥ibsyos. of individual dog end pigs
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(b) The Ruts of lLebelling with 2P of Horse Red Cells

in Vhole Blood, in Plood with Redused Plonms, and

Woehad Mrae of Plasma

Wine similar 10 ml portions of & single pasple of heperinised
horse blood were cach placed in s centrifuge tube, Three itubes were
rétaina& intect ond three were centrifuged to sepovate cells and
plests and most of the latter wes vemoved end discerded, The e
neining three tuhes vero zimileply spon snd the plasme renmcved,
then ‘the gells were washed three times with noras) ssline, the
supernetant fluld being discarvded eneh time, Do the contonts of
all tubes wes then edded 0.9 ml of o golution mfeﬁay comtaining
0.27 Jiey and the propavabions mized and placed in sn incubator at
5?°G¢ (ne tube from‘eaeh group of three was removed after one
hour, one after two hours snd dhe remainder at thyee hours,
Imnadiately sfter removel, the contents were spun down, the superw
aptant removed and the cells washed bthree Limes with lee-cold
normal saline, Speaiel care was teken that no celles wers removed
during the provess and thoy were then mpde up to 10 ml with normasl
apline,  From those tubes which had bien incubated for only one
hour 5 ml of the mized vontents was faken and made wp to 10 ml
with diotilled water before counting In the M6 Ligaid countor.

Tron thosy tubes vhich had been incubated for lange#:ﬁéwimd 1 ml
of the nmixed contents vas tnken, mede up to 10 ml with distilled T
watex and cownted similaxlys  The resmlis ave shown in Table 37

and Figure 20.
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TABLE 37

RAYE OF LABULLING WITH ‘°P OF HORSE R.B.US. WHEN

IN WHOLE BLOOD, IN BLOOD WITH REDUGED PLASMA _AND

WHEN WASHED FREB OF FLASMA

Red Cells | Time of Inoubation

3 Hour 2 Hours % Hours

Corrested Counts/iml/min,

Whole blood 53, 135 ‘ 377
Reduged Flosma 229 890 1282
Washed free of 673 127% 2008
placma

Summary

“he uptake of 52? by horse red cells wes shown to bo markedly
inoreased by removal of plasma from the dells before addition of
radioactive material,

(o) The Persistence of >°Pelsbolled Red Cells in the

-Qirqnlation of Qiﬂfarent Species and)quod

Volume Meapurements

In the preparation of saPalabellad cells for injection into
aninmals, advantage was taken of the findings shown in Table 37 and
Figure 19 to conserve time in labelling or the amount of 52? ﬁaed.
In the aase of the comparatively large horse and oow; whose colls

lubel relatively slowly and whose blood volumes are so large that




FIGURE 20

Rate of 1&belling‘with ﬁa? of horae r.beos. in vhole blood, in.

blood with reduced plasms (*cells"), mnd when washed free of

plasion..

Activity (arbitrary units)

20

10
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injeoted material becomes greatly diluted, it becsme standard
practice to remove plasma before adding 52P for labelling purs
posess When the initial experiments were being performed the

£ 32? was high enough for economy to be of importance and

cost o
adaptation of the above method of labelling was helpful in this
regpect,

A few minutes after injection of labelled red ocvlls the
firat blood samples were collected snd samples were taoken at
intervals for €0 minutes in most capes, Neterminations of
redionctivity with corrections of the observed count rate were
made ag described previously, Heematoorits of all semplés were
determined, corrected for trapped plasma, and the mean oalculated.
In determination of radiomotivity of serial samples from one
. animai if the hesmatoorit of a sample différed from the mean
a8 proportionste adjustment wes made to the ocorrected ohserved
count rete/minute of the sample. The results so obtained were
equivalent to deterninations on serial senmples with identical
volumes of red cells.

In oxdor'ﬁhat the results in different snimsls and different
species might be compared with each other more readily, the figure
which wes determined for each ssmple was adjusted so that the
first determinations made in each animal were related to o common
figure., . From the adjusted figures points were plotted on semie
logurithmic paper and graphs were drawn which showed the persise

tence of the labelled cells in the airoulation. ?he results on
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ten horses (twolve estimetions) are shown in Teble 38 and Figure
213 on four cous in Table 39 and Figure 223 on four pigs in
Table 40 and Figure 23 snd on three dogs in Table 41 and Figure
24,

Caloulation atvﬂlaqa Volume s Bstimations were carried out on

17 horsee, five cows, four pigs and 11 dogs, and some were rew
pested onoe or twioces. The graphed persistence curves of 52?
oells in the ciroulation were somewhet anomalous and mande extras
polation diffioult, Blood volume wes usually ealoulated from
the mean of twé samples teken between five and ten minutes post

injeotion, socording to the formula

ml

By = Sotal counts per minute injected .
o * Counts/ml/minute of whole blood withdrewn

An oxampie of counts obtained on one horse is shown in
Table 42, No correction for heematoorit is shown as the 8, 11
and 14 minute samples had the same hnemstoorit as the mean of
all samples. The caloulation of the eéstimated blood volume was
as follows »

Total counts/min, _  Counts/ml/min,

Dilution of X No. ml
injected T of standard

4 stendard Injected

= 3012 X 1000 X 10

Oounts/ml/min . A389
Semple 10

(aversge of 8, 11, 14 min. samples)
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V12 X 1000 X 10 X 10
Therefore By, = p— .
ore 0 4389

= 68,6 litres
Weight of horse = 660 Kg
Therefore Bve/kg m 10349 ml
Further results on horses are shown in Table 43 Results
on the cow are shown in Table 443 on the pig in Table 45 and on
the dog in Table 46,
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FIGURE 22 wontde
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TABLE Al

PERSTSTENCE OF 92pLABELLED _GELLS

IN 'HE CIRCULATION OF THE DOG

‘ Dog Numbey
Time After
Ry 3 \ 5
Qorracted Gounta/ml/umin.
| A,&etual A justed® ‘ Agtusl Ad Justed¥ Actunl Adjusted¥
3 | 60 756 522 756 |
4 541 756 |
6 540 795
T 563 815
8 651 712 ‘
10 521 754
1 515 719 617 696
20 490 604 565 637 492 712
| 30 506 | 707
60 572 45 353 512
90 392 547 258 315
120 | 419 586 110 159

* Adjusted to common starting Ligure
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BXAMPLE _OF _COUNYS OBRAINED IN BLOOD _VOLUMS DETERMINATION

PABLE

42

O_A NORSE BY MOANS OF SZp.IABRLLED R.B.CS.

(Horse Number 9)

" Average  Corrected
No. mins, Totsal (ounte _
Semple Gounted Counts  /inin. Gg:sfa/ Eacigzound
16 208 13,0
Baokground 10 137 13.7 1%.4
(Natural) 12 163‘ 13.5
Background 3 92 35047
(Natural and 5 104 5648 40,0
Residual 10 444 4444
Activity in
10,0 m) blood)*
Standard 1 3069 3069
1.0 m} 1 3087 %087
‘of 1/1000 1 3136 3136
in 10.0 ml 1 2940 2940
whole blood 1 3011 3011 3052 3012
1 2955 2935
1 3090 3090
1 3130 3130
1 3044 5044
1 3052 3052
14 min sftex 1 4178 4178
injection 1 4272 4272 4234 4194
1 4256 4256
| 1 4229 4229
11 nmin. 4470 4430
8 min, | 4592 4542
Average pf 14, 11 and 8 minutg samplea 4389

* Similar experiment carried out on same horse

6 weeks previously

v smy




6°FTr = *g°§
pasTTovwo=-Aucd 17ieng

668 = usay
1°99 196 &¥i, u ¢ . LI
g*tre 656 co iy o*cetT - svix 5w g 9%
§*26 £29 L°ls 1*61T C9LT COCT~T 4 51
e 81¢ g*le 0°9lL 0Log « o1 ¥
*5*9G LL £t 4 g2t a1 008 -1 ot - £T
0°G6 209 2 ve A3 08z 0O0T~1 G*6 2T
L=zo1 Iv9 €°C9 - g*v6s 0092 OHOT~T ot - 11
€6 ¥i2 G*62 06201 COCE 00§ =T 814 43 4
6°*¢<0T - 099 9*g3 . 6gr¥ 260¢ 0 o1 - 3wsdax §
6°C0T 699 g9* 1l L*s2¢ A oO0T~T o1 - gzedsx €
g1t €99 26l gL £262 16, ot - 6
25t 9*25T €96t - cf 8
0*82 - 9*£60T 911Y ® & L
¢S EAFA ¥ £G2T @ G 9
128 aog L9 G256 T6£T u Gy |2
G*62 il Ll*¢s g*20 . £4L “ S ¥
A /A 29l 1*9% 9%Gey 9£6T w S 4
eck Gl 8*9G o162 6292 5 g 2
G*T6 } 72 £*99 g9°9¢z yexe CooT~1 g 4
™ . S8I3TT s1dumey pILPUBRLS T _ _ e
BY/UT0L  apr e twie/T/ /DS peAneru o
) foie ryey me POOTE S4MOG] "TI0D sMeS CIa00 LS 254 W , H

- HSEOE dHs NI YSDdTH ,wrwwmmdqomm HO duESveE SIHOT0A  G00TE  CELVEIGSE

m.w ﬁmﬁ Tt




N T AR e B

TABLE A4

ESTIMATED _BLOOD _YOLUMES BASHD ON %patiWerimd R.8.c8. IN THE COd

‘ 8 Y asd Gorr. Gounts s Blood
oy Injﬁﬁted Steadard gﬁ;ﬁg:ﬁa Lo}ii/gggftﬁ ggtgﬁ:
1 s 11000 650.9 371.1 8,88
Le, 5 2 T4T W0 \ 500473 7443
2 5 " 95440 43645 10,93
20 5 " 869,0 478,90 9,09
2h 5 In 500 8997 251.1 8496
b 5 11000 72640 35648 16417
3n 5 1= 560 1287,2 34647 9.28
4 5 " 84044 21345 9.84

5 10 L) O00 2554,6 eYi %4.,18%

* Adults Others were 5«4 months of age
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DISCUSSION

‘The red cells of ruminanis were found to take up less 33?
than thoge of other species, confirming the findings of Hansard et
al (1953) and Schambye (1952a)s The former authors found that the
uptake of 52? by pig red cells was a little greater than ithat of
the oells of the burro, which however had a greater uptoke than
thet of cow or ahee§ red cells. Schambye found that the upteke of
32? by the red cells of man and the rabbit was markedly more then
that by the cells of* the horae, which in turn had a greater upteke
than that of the cells of the ruminants -~ cattle, sheep and goat.

The upteke of 52? by the red cells of various speclean, after
2 hours incubation at 5700. wag found to be approximately halfi of
that recorded by Henssxd et al (1953). These guthors found that
the proportion of 52? added in vitro to burro red cells which was
taken up by the cells was 6 per cent in 30 minutes, 10 per cent
in one hour and 16 per cent in 2 hours. The uptake of 32? by
bovine red cells was recorded ag 3 per cent in 30 minutes, 6 per
cent in one hour, and 10 per cent in 2 hours. 'The uptake by
sheep red cells was 3 per cent in 30 minutes, 5 per cent in one
hour and 8 per cent in 2 hours. Bxperiments on pig blood showad
that of the "°P evailable T per cent was takén up in 30 minutes,
12 pexr cdent in one hour and 17 per cent in 2 hours.

After injection of labelled cells damaged cells may he
removed from the oireulation quickly or the label may become

detached from the cells, enter the plasma and from there leave




........

m'{b—

tha oiroulnting blood. Hansard et nl (1953) measured the loss

of 32? from the oiroulating bleed of various species, with the
following mesults, In the burro it was found that the proporiionel
loas of 323 from the ciruulating blood wae 10 per aen® in 15 mine
nhes poat*;njamtion, 23 por ﬁent in 30 minutes and 50 per cent in

1 hour. In the oow the loss of radionotivity was 10 per cent in
1% minutes, 20 per cant in 30 minutes and 40 per cant in one hour.
After injection of shaep the loss was 12 per cent in 15 mninutea,

25 par cent in 30 mimatens ghd 48 per cent in one hour. In the

pia the loss of injected wadionctivity was 6 per cent in 15 minutes,
14 per sent in 30 minutes and 20 per gend in ome hour,  Schambye
(1952b) found the in vitro loss of 52? from sheep red oeliz o be

5 par nent in %-30 minubes,

O'Brien, Howie anq Croshy (1957) considered that the phoze
phorus turaovey in gont erythrooytes was so rapid that the yradiow
antive tag was loat within minvbes sfver injection.

In the pregent atudies the avemge pereontage loss of 52?&
lobelled red ealls in one houy after injeotion wes found to be
rnrkedly less In esch specles then thet recorded by Hensard et sl
(1953}, but in the bovse It still emounted fo 31 per cenk, It
wes thoughs thet this flgure wight be excessive ond ssvoglated
with eell demege during labelling amd injection procedures.

Yhe figures foﬁ blocd volume per kilogram body weight

obtained in the horse were found to be equal to the higher range

of those quoted in the memgre literature on this species (Table 30),

i
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but were higher than those determined in the burro by Hanswrd

et al (1953)s Rosults obtained in bovine animnls osnnot be
oomparaed with those of other workers as it was not possible to
obbain en agcurate resord of body weight, Wide varistion was
found in the determinations of blood volume on four pigs, but

the results were within the range desoribed in the literature
(Table 34). Hesults in the dog were found %o be in the higher
zone of the renge recorded in the iiterature (Table 35). Further
comparison of the reoulis are made in the discussion following

Port 2 Scotion (B).
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SUIMIARY

1« . The uyfaka of 32? by rad blood cells was determined in the
blond of the horse, cow, sheep, pig and dogs Marked specles
differences wore found snd uptake by thﬁ.callﬂ of the ecow, sheep
and horse was pooy. |

24 % wag found that the upteke of BQP by horse rod colls was
naykadly iﬁ@reaﬂﬁd by removing plosme prior to the adddition of
the isotope, |

e Suitable methods weve evolved for the injection of an
soecurntely mensuréd amount of SaPulahmlled rod aellﬁg the
aplleetion of serinl blood somples, and the counling of large
(910 m1) eamples of whole blond.

de The peysiostence of 52Pa1mbélled red ¢ells in the civevlation
wos deternined in horses, cows, plge and dogs.

5 Bleed volume cstimetions baged on 32Pnluballed rod colls
were carried ovt on sevenbeen horses, five cattle, four pigs and

eleten dogs.




(B) BLOOD VOLUME MEASUREMENTS ON DOMESTIO ANIMALS
USING RED COELLS IABELLED WITH O°P AND WITH Jlcr
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INTRODUGTION

As the results obtsined on measuring the persistence of
52P~1ahe11ea red eculls were equivocal and as 5lcr had. beocome
available it was decided to carry out experimente using both
jsotapes fox the labelling of red celld and the celeulation of

ciroulating red ocell volume and blood volume,
510r

L o

Sterling and Gray (1950) showed that red cells readily took
up Blcr and the percentage upteke was in inverse ratio to the
anount of Cr added to the cells, Vhen snionic chromium
(Na2510r04) wos injected into the circulation of a dog the radioe
activity was found fto be predominantly in the red cells and plasms
activity rapidly declined. For in viﬁra tagging T-26 ye Slar
was mixed with blood for 1 hour at room temperatures 80«90
pexr eeqf of the radioactive material entered the red cells in two
hours, and remained firmly bound to the cell even when excess
non-radioactive chromate was ndded to the suspensions Vhen

labelled cells wore fractionated the radicectivity was shown to

be 97 per cent associated with;gﬁroma—frae haemoglobin, perticulerly

the globin frdction. The uptake into cells in saline was appreow
iably grenter than when thé cells vere ;p vhole bloods  After
entering the red cell Naé510r04 is probably reduced to the cationic
trivalent state before binding with haémbgiobin. Very little of

the radionctivity left the red cells during the firast 24 hours




after lobel Ling.
5lcr emitsa gommn rays and soft xnréys with & half-life of
26,5 dayss The amounts commonly used for label ling red ocells
do not injure the cells and are below tho gafa dose for nan.
Lehelled cells can be stored in saline for 24 hours, but long
storage 1s nssosiated with some loss of Slﬁr from the celis and
early sequestrebtion aftor injection (Gregersen and Rewson, 1959).
Cationde trivalent chromium (§10r013) was shown by Gray
and Sterling (19%0) to label plesme in vive and in vitro, A
firm chromium « protein bond was shown with bovine albumin,
Howevex theve are some disadvantages in lebel Ling mlbhmin with

“l
)lCr end the method is not commonly wsed.
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METHOUS AND MATERTALS

Becauwe of the differcnce in the type of radiation emitted
by 32? and 510r it seemed likely that a determination of sach in
the same pample could be effected by using an M6 liquid counter
(sensitive tof rays largely) and & scintillation counter (lavgely
sensitive to electromagnetic radiation).

5lﬁr way obtained from the Husdiochemical Centre, Amersham,
in the form of Na,, 5lcr 04 in isotonic solution. For blood
volume estimations the amount of slﬁr rdded to red cells varied
from 100 o to 850 o© and the dmount of 32? veried from 150 o
to 1600 o©. Plaema was removed from the cells of slow=-labelling
gpecien before addition of the isotopes. The injection of
labelled oells and withdrawal of sauples was aarrié& out as
described in Section A.

Por estinmation of 52? radioactivity, samples were treated
a8 desoribed in Section A and the same correations were applied.
It was considered that counts in the M6 ligquid counter were not
slgnificantly aliered by the amount of 510: present and could be
ascribed solely to 2°P.  For determination of 210r radiosotivity,
samples were aeseyed in an annuler ring welletype sointillation
counter (#.K. Cole Ltd.)s The pame corractions were applied as
desgribed previously, snd in addition & corrention for the proe

325,

portion of radloactivity recorded which was due to e dege

oribed below.
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DXPYRIMENTAL

() The Determinntion of 32? and S;Gr Activities In the

deme Sample

Approximetely 200 no of 3'EP ves added to distilled water
in a 2 litre flask containing a trace of carvier pﬁnsphate.
Approximately 500 ne of Slﬂr wag added to o similur flagk containe
ing a trace of carrier chromete, the flasks made up to their marks
with distilled water and the contents of ewmch thoroughly mixed.
The solutions were termed P and Cr Primary Standavda.  Samples
of 0.1 ml and 1.0 ml were Gaken from the flask containing -op,

The former wag madeé up to 10,0 ml with dietilled vater and counted
in the M6 liguid cﬁmntar; the laﬁt;r wag made up to 5.0 ml ard
counted in the gscintillation counter. SHawples of 041 ml sand

1040 ml were taken from the flask containing Slcr.‘. The former
wag nade up to 5.0 nl and counted in the scintillation countersy
the latter was counted direatly in the M6 liquid counter. ‘'he
count~rates vere corrected for background end the resulis are
ghown in Table 47,

It can be seen that the proportion of counts of 32P in the
1485

16 which is recorded hy the scintillation counter 193?%25’“hi°h
is equal to 4.71%. The proportion of counts of 510r in the

scintillation counter which is recorded by the M6 iaggg%%. =

0.125%, As tha latter figure is well within the range of ex-

perimentel error in the estimation of red cell wvolune it onn be




PABI
THS _DEMUMINATION OF %P AND ler AcTIvITIES

IN B SANE_SAVPLE

1.0 ml Primsry Qounts /100 seos, Countn/100 secs.
Standaxd in M6 Counter in Sointillation
‘ founter
52p 31,540 1,485
(1 30,8 30,920

ignored in experiments involving the use of red cells labelled
with both 2P and 2 0r, unless the radicagtivity due to 2i0r is
very grossly in excess of that due tu"zPe
The proportion of 32P¢M6 counts recorded by the sointillation

counter has been stated to be 4.71%. In the practical use of
the M6 and scintillation counters for the estimmtion of radioe
activity of double-laballed xeé ¢ellsy the forﬁér requires a
ganple made up to 10;0 nml and the latter one of‘5.o mie It 18
more suitable bo eountwlﬁ.Q‘ml firat in the MG then teke 5.0 ml
of thia fbé estimation in the sointillation counter. Using

. this method it follows that the proportion of 52P~M6 county rew

corded by the seintillation counter will be--ﬂ-%]% . 2436%




- 8 =

Summary
In the practical estimation of blood volume with cells labelled

51
Creseintillation acounter

with both 2P end 2 Cr the proportion of
counts which is reoorded by the M6 is negligibles The proportion

of Baﬁmmﬁ counts yecorded by the sointillation counter is 2 0 5654

(b) The Simultanecus Labelling of Red Cells of

Different Species w@tp ?29 anddﬁslﬂr

About 12 ml of blood was withdrawn into heparinised hottles

~ from one fndividusl of each of the following species - horse, cow,

| sheapy plg, dog and rebbit. ¥rom enoh somple two haematoorit

- determinations were made end the mean value noted. A known
. ,'volume of each sample was then epun in s dentrifuge tube to sep=

j erpte cells and plasme, and b& subtraction of plesma each sample

‘ wﬁﬂ sdjusted 4o & haemetoorit of approximntely 50%. The semples
wore transferred to\lo.O ml bottles and 50wo of 3p and 20 yo of
510r were 5&&3& to esachs Ssumples were then well mixed, placed
in n watexr bath at 37.5°G, and gently agltated every five ninutes.
5 ¢ of 52? and 20 pe Of'slﬁr vere added to a 250 ml flesk cone
taining a little carrier phosphate avd parrier chromste, and made
up $o0 the mark with distilled water to serve ps a stondurd.

From each incubating blood sample 0.5 mi was withdrawn

15, 30, 45, 60 snd 90 minutes after the addition of the isotopes.
The cells vere washed three times in loe-cold plasnaesaline, by

repeated mixing, cenbrifugution and discerding of plasme and




w Of -

supernatant fluids The cells were then lysed by the addition of
& 1ittle 0.1 N NaOH, and after suitable dilution with distilled
woter 10,0 ml somples were counted in the M6 liguid countex.,
5.0 ml of the mixture asssyed in the liquid counter was counted
in the scintillation counter. The count rates were corrected
for background, and those observed in the scintillation counterx |
wore plao corrected for the contribution due to 32?. The radiow
astivity of the samples was expressed as a percentage of that
originally aveilsble to the oells, as determined by means of the
stand#xd golution, and the results are shown in Figure 25.
Sunmazy |
Qhe red oells of different spacies vWope labelled simultaneously
with 52? and 51Gr. The species differences in rates of lahelling
with 52P wore sgoin noted. The red oells of‘gll the species
lebelled rapidly and well with'5lcr. e




TIGURE 86

The simulicnecus lebelling of red cells of ﬁifferent apecies with

'?’QP and 5163‘:-
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(c) The Persistence of *p and 5lcr~quq11ad Cells

in the Blood of Different Species and Blood

Volume Meamsurements

(1) The Dog

Approximately 12.0 nl of blood were withdraym into & 30 ml
heparinised bottle. A sample of 4.0 to 5.0 m)l was removed, the
cells gpua down and the plasma added to o 250 nl flask of icew
cold normal saline. Approximately 500jLc of 32P end 200 we of
5lﬁr solutions were ndded to the blood remaining in the 30 ml
bottle, which was gently but thoroughly shaken, and placed in a
 water bath at 37;590 for 6070 minnbee, During incubation the
mixture was pently agitnted at npproximately 15 minute intervals
to ensure uompléﬁa mixdng. Fblloﬁing incuhation the bvottle was
filled with plasmaessline and the calls washed by repeated in-
version, epinning down and discarding of tho supernatant fluid.
The washing procedure was carried ou% four #tinmes then w;thaut
delay the cells wers made up to a volume of TuD-8.0 ml'#ith plasmow
saline,

A mesauved quantity, uwouelly 3.0 nl, was injected into
the laft redial vein within a few minutes of its prepavation.
2.5 ml samples were obtained frbmnthe right radial vain, usually

ab 2; 5y 10, 15;430, 30y 45 and 60 minutes after injéation.
By

Difficulties were sncountered in thé use of an indyelling polym

fhena catheter for sampling., It was simple to introduce a
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catheter into the vein through a MeGregor introducing needle,
but 1t tended to lemk mt the junction with the mount, or it be-
came displaced too rendily aqd no foolproof method of fixation
was devigeds In some omces it was found preferable to perform
repeated venepuncture with s 20 gauge §" needle on a syringe.
Vhen heemorrhage was oarefully controlled by pressure ropeated
withdrawsls were nede quite ssitisfaotorily,

From ench sample two Wintrobe haemetoorit tubes were filled
and oenﬁrifuged at 15008 for one hour at 265°¢.  The mean reading
was noted and correoted by a factor of 4% for trapped placma.

Preparation and Counting of Standards 1.0 ml of the suspension

which was used for injeotlon wes cerefully messured and added to

s one or two litre flask conteining diastilled water with a {race

of carrier phogphate and chromete. Yhe contente of the Flask |
wore made up to the mnrk with distilied wnter and mixed thoroughly.
4 measured quentity, ueually 1.0 ml, was withdrawn, made up to
10,0 ml in & graduated contrifuge tube, and counied in the M6
liquid counterQ From the 10,0 ml sample 5,0 ml was taken for
counting in the sointillation counter. ‘The standards were counted
before, in the oourse of and after the counting of blood samples.

Freporetion and Qounting of Sempless  Usually 1,0 ml of the

senple wps added to distilled weter contuining o few drops of
0,1 N NaOH in a gradusted centrifuge tube, snd made up to the

10,0 ml mark with water. ‘Thin volume was counted in the M6




pountor then half of it (5.0 ml) tranaﬂérred for gounting in the
seintillation counter,

Lorraationss Countwrates of stendard and samples wers corrected
. for buokground. Counterates reworded in the seintillation countex
were mainly those of the 510r content of the sample, but were

52P- The correcstion

corrected by subtrection of the counts due to
figura for a specific sample was obiained by maltiplying the SQP-
M6 count«rates by the figure of 2,36 peor cent, as derived earlier.

; No ¢orrection for self-ahbscrption was required, and correction for
| decey of 32? vas appiied on only one ocoeasion, wheo the counting of
some samples in the M6 counter had %0 be delayed.

Coxrragted ocounts were Lirat exprassed per 100 secs. por 1.0
| ml af‘sample or standerds As & convention, 510r counis weve o
expressed Though in facet 1.0 m) of sawple hnd been made up to
10,0 ml, counted for 32P content in the M6 counter, then 5,0 ml
‘of this taken for estimation of fhe.ﬁlcr content, the equivalent
of only (.5 ml of the sanple. It order {o avold unnecessuary
doubling of corrected counterates regilstered in the seintillation
connter it was decided to express the rates as per 1,0 ml of
sanplae, prepared for counting in the sbove manner,

The counkmrate/ml of packed calls wae saloulated from the
messured notivity for vhols blood snd the appropriate haematocrit.
Reference to count-rates/ml of packed cells for the study of per-
pistence, in effect rulad out Aifferences ketween samples which

wore due solely to changes in haemstoorit. The corrected counte

rete of 1.0 ml of packed cells of each sample was adjusted for easch
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dog to relate AU o o common figurs Lo tho earliest sample withe
drawn from ench doge The vasulis ars shown in Yable 48 and

Piguve 206,

aulabions Gulanlation of cell volume woas bopsd on the formulsy -

Tote). gounke /300 seca, injeoked wl
ountes seos/ml dacked oolle in senple

Ap the poraiatonde guarves of 329 and ﬁlﬂr uowelly showed aone
irwegulariéy, oxtvn~polation wos not earried out, but ocsloulntion
uaf poll volume was basod usually on the sermple taken fon minutes
aftor injeation.
Vhent eell volume hed baen'ﬁataxminaﬂ, blood volume weo Onle
culated according to the formuley

s L1912 ,
ch “ OV x Govranted peripheral hactnboeeit

Ae an oxemple the caloulations for dog No. 1 ave shown below.

| Bog fio, 3 (*%8)

Counts /100 secm/ml stondeed x dilukion standard x Ho. m)l injected
oV ™ Tounts/100 aecn/mi pRoked GBILG AN ARmpAe

™ E@M’“ :@*MW: 3 i) )

- 809 i

Buody Wedeht » 23,8 Kg W Cell Volume w 4048 ml/Kg

Corergoted perdpheral It = 51,0

, o« 889 x 100
» Eve ””"”EITE“”” inl,

“ 1,716 m)
w 8.7 wl/lg
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Tog No. 1 (Ptor)

3583 x 2000 x 1

W - 7394

w 569 ml

s 4da’ ml/Rg

969 x 100

o ; f}"l e ml

- 1,871 ml

85,86 ml/Kg
This and other yesults on the dog ere shown in Tablos 49

and 50,




PERSTSTENGE OF % AND Plor LABELIED CRIZS IN THE

PARLE

9

R T LA &

Time Aftor
Injecstion

CIRGULAYION OF

1

Nog No,

5

(mines) ~ Corrected Gounts/ml Packed Cells/100 seos,
32y, 51y, 32y 52 4 52y 514,
2 N T500%  7500%
5 7500% . 7500%, 7500 T500% 7299 7595
10 5743 6202 7134 7123 7149 7160
15 5415 6131, 7057 6854 6955 7050
20 5447 5849 7179 a'r97 6694 6875
30 5215 60%6 7172 097 6EGL T044
% 5219 eS0T 7008 6929 6410 6838
0 5561 5508 05T (848 62T 6723
Dog No,
Pime After s ¢

i?giggign Correctad Gounts/ml Packed (ells/100 secs,
ks
32P 5101, )dl" 51 Op
2 7500% 7500% TH00* 7500%
5 7960 1220 7610 7768
.10 76849 G738 1047 777
§5 8654 6863 1247 7508
20 Ta80 722% 0365 6006
30 6043 1082 7529 7790
45 7373 6803 7515 7995
60 1262 6647 6077

* AdJusted Yo coumon starting figurs

7254
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FIGURE 26 ocontd.
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TABLE 50

BLCOD VOLUME ESTIMATIONS ON NOGS BAGED

ON _CHLLS LABELLAD WIMH “%p awp lor

True Blood Blood

g“g Cell Vol. Litres Peripheral Volume Volume
0. 7 | Ht Iitres  ml/Kg.
32? | 0.539‘ - | 1.716 787
Cr 0.962 - 1.871  85.8
52p x X 3,117 110.1
ok L
on x x 2,418 85.4
32y 2,221 4.206  127.8
3# 1 52,8
| Gr 1.369 24593 7848
32 2,180 3,949  135.2
Or 2,110 3,822 127.8
32p 0,769 1,882 98.0
5 51 42,2
Cr 04827 1,960 105.4
32p 0,559 1,201  101.8
"Or ) 0.458 . 00964 83;4
* Greyhounds 5 2p Mean 108.6
x Ht omitted 320.6

516‘1' Mean 94.4
+18.7
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(2) The Sheep

The subjects were six adult Blackface ewes which were sucklw
ing two~montheold lapmbe. The techniques used were similar to
thoge desoribed previously for the dogs. About 15.0 ml of blood
- wen withdrawn, end 3.0 ml retained for the preparstion of plasme«
paline for cellewashing. Before labelling, the heparinised blood
was spun and the plesna removed and retained, 200-270)c¢ of 32?
and 300~5Q0 ¢ of 51$r were then édaad and the cells incubated
for 65»70‘m1nutes. © After four wﬁahes in plasme-saline the cells
vere xeoogstitutnd with original ﬁlaama for injeetion. Injection
was mede into the right radial vein and blood samples were colleated
from the iight Jugular vein, Haémataorits of each sample vere
determineg in Wintrobe tubes spun at 15008 and 25°0 for é%-hours‘
A oorrect;an for trapped ﬁlasma of 4% was spplied,

The determination of Blﬁr and 32? in the blood sesmples and
the eubsaguent onloulations were as demcribed for the dogse The
resulis on peralatence of 52? and 510r in olrculating red cells
are shown in Table 51 and Figure 27. The results of astimstion
of red osll volume (OV) and blood volume based on labelled cells

(BVQ) are shown in Tnbles 52 and 5%,



TABLE 51

PERS LETENCE  OF 32

Sheep HNo.
Time After
Injection 3 2 3
(mins. ) Gorreated Counts/m) Packed Cells/l00 Secs.
32, 5L 52y, 519: 32, 516
e 7500% 7500*‘, T500* TH00% TH00* 7500%
5 7040 6768 - 7531 2049 7690 7051
10 6766 6501 . 7088 7029 1497 7400
15 . 6202 6341, 6712 7037 7139 7246
20 6232 6354 7054 7114 7063 T424
30 6011 2910 5556 6937 7531 1375
45 555% 5769 - 6912 7141
60 5513 5992 5917 6422 7293 7404
Sheap Noi
4 - 5 6
2 7500%  T500%  TS00%  T500%  7500%  T500%
! 7591 7348 7451 7309 7599 8059
10 7804 7679 .. 7063 . 7167 5987 6991
15 7513 7346 - 7247 £930 6972 7147
20 7677 7835 . 60%2 6093 6939 6920
30 7023 7058 = 6703 7630 6868 6629
45 7554 7513 6791 6976 6647 6720
£0 7260 7363 6872 6763 6480 6563

* Adjusted to same étarting figure
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PIGURE 27

PERSISTENCE OF Cr & P CELLS.
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TABLEG 62

oo bk By i e

RED ORIL VOLUME BSTIMATTONS O SHERP, BASKD ON

= 4 IS i e gt sy Al D MY W rd TR 1 e e b

CRLLS LABELLED WIm %P b lor

Corx. Counts Corr, Counts Cell Wt Cell

Sheep No. ml Dilution : e
No. Injected Standerd /m1 /1008 /r1/200a  Volume Kgo, Vol/Kg.

. _ﬁtandard Samplg lidtres

2p 1,133 64463  1.793 38.6

1 10 1,000 g 45,4
“gr  2806.7 1,979 14449 31.9
2y 1,103 9,669 1,142 27,7

2 10 1,000 g 4143
gz 1,417 11,776 14203 29.1
By gy 9,148  0.854 26.5

3 10 1,000 g 30,2
Cr 2,754 36,566 0,739 23,0
2p  om 12,377 0,785 21.4

4 10 1,000 6. . 3647
Cr 1,637 26,120  0.627 17.1
2p  oae 7,334 1293 24.8

5 10 LO0O 52,2
Cr 798 74978 1,000 19.2
- 2y 900 5,211 1.727 27,2

6 20 1,000 41 6345
- “*0r 1,241 9,381, 10323 20,8
22 Moan = 27.7

2P 8.D4 = + 5.8

giﬂr Mean = 23.5
Cr SeDe = + 5.8



BLOOD  VOLUME BSTIMANIONS ON SHREP BASED ON GELLS

BEID Wit 2%p awp 2o

m.nwu VUM{PM "'.lﬁ.ib?lgt’%@'l.ﬁgﬂ‘lp AUX | DRIE  DAOLY AN Ww..m,s
LB Witk 2%y s lor
True Blood Blood
5511;2913 c;ﬁrzgl' Peripheral  Volume  Volume
* Hb Litres  ml/Kg.
. p 1.753 - 4.862 03,1
37.4
Lox 1,449 3,870 8542
>2p 1,142 4,326 104.8
2 51 ’ 2644
O 1,203 4.557 110.3
me
; Sey 0,854 2.696 83,7
3147
or 04739 ) 2.330 7244
%0, -
2p 04785 | 2,921 1946
4 51, ‘ ‘ 2649
U 0,627 24342 63,6
32 .
. | 2 1,293 4,989 9546
) 51 2697
or 1,000 3,858 7349
32, o .
; P 1727 ’ 5140 80,9
51, R 3546
or 14325 3,938 62,0

52 Mean - 91.3
1.3

5101" Moan « 77.9
11709
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(3) The Fovine Animal

The subjeots were five R-montheold calves (one @%}a Jersey
ond two male snd two female Ayovshires), and one adult Ayrshire
dairy cow. VWhen red cells were lahelled, most of the plasma

was removed before addition of the isobopess 750 me of 52?

and 300400 ue of 5lcr were sdded to the cslves! red cells, but

in the oase of the cow 1600 mc of 22p and 600 ne of Lor vere
used.  After inﬁubatien and ﬁashihg. the cells were not ree
constituted to their origiual volume with plasmna, bhut were ine
Jocted in a more eoncentrated form, with o haematoorllt of approxie

mately 75 per cent.

B

The aninmals were injooted into the left jugular vein and
withdrewals were made from the corresponding vein on ihe right

sides In the osse of the larvgev individuals, ssmples of 8.0

- md of whole blood were countsd in the M6 liguid counter sfter

being made up to 10.0 ml with water, a kanife tip of asaponin and

8 feu drops of capryl slcchols In such cases the diluted stendard
wos made up for counting with a similar voncentration of original
blood, to eliminate the necessity of meking & melf-absorption
éorrection t6 the M6 caunts‘haaauaa of the increased density

of the sample. Hoemetoorit ‘tubes were apun at 1500g and ZEOG

for £ hours mnd corrected for a trapped plasma of 6 per cent.

The determination of 510r aﬁd ﬁgP 1n the blood somples and the
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subsequent onlamilations were as descrilied for the dog.

results are shown in Figure 28 and Tebles 54 and 55,

The
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TABLE 54

RED CELL _VOLUME ESTIMATIONS ON_BOVINES, BASED ON

GELLS LABRILED WITH “2P AWD  2%(r

' . Dilution Corr., Counts Corr. Counts Cell ‘Cell
Bogi?a Iﬁgacizd Standerd /w1 /100s Jik /1004 Yol g:' vol/Ke
, ' L Lo Standaxd Sample Litres ml
. 3®p 2,28 |
4287 14,725 14165 19.3
1 75 1,000 g 6043
Or 5,414 40,347 1,006 16.7
f 9p 24693 17,676 1.524 2645
2 10&0 1,000 ‘51 iy 5706
»0r 1,569 14,038 1.118 19.4
B %p 3,957 21,695  1.550 19.7
Cr 1,539 154351 1.234 15.6
e 2,499 8,255  3.027 31,2
X naét 7 Ay e .
4 10.0 1,000 9741
gr 1,251 5,500 24274 234
p  p,me 14,364  1.688 19.8
5 10,0 2,500 51, 953
Cr 1,465 94471 1.547 16.2
. C o p g 6uy 5,477 9,812 20,9
10,0 2,000 4690
: Or 1,976 Ay335 9.116 19.4
32

P Mean »~ 22,9

72P 8Dy = #4.9

gicr Mean - 18,5
Cr SeDe = 32.9



BLOOD  VOLUME BITIMATIONS

TABLE 55

ON BOVINES BASED ON OBLLS

LABELLED wimh %p anp lox

' True Blooé Blood
B";‘;i:” czﬁrzgl' Periphoral Volune - Vo?:urie
Bt Litres wl/Kg
. 2p 1,165 . 4,003 6644
29,
1 X,
g 1,006 30457 5743
- 2 1.524 4443 741
2 51 h 3443 o
5 }29 1.550 28,2 5496 69,7
Lo 1e234 ' 4:376 5545
" A 3,027 . 9«75b 100,6
Ly 24274 -0 7oREE
: o2 78535 155
. 2p 1,888 B G.O4L 7248
-51(311:’ 1547 2742 o .
. 5,604 59,7
2 ,
. 52p 9.612 3,652 67.5
lgp 9um16 0 *
94 29.456 62,7

2D Mesn ~ 75,7

#13,3

Loy Metn = 61.2

745
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(4) The Hquine Animal

The subjects were two J-monthwold male Shetland ponies,
two 3emonth-old female donkeys, one sged Hunter gelding snd one
aged Clydesdale gelding. The technigues of labelling, injection,
withdrewal of samples and treatment of samples were sg described -~
for the bovine animal. Haomatoerit deterninations of each sample
vere made after centrifugation at 15@03 and 25“& for one hour,
A qur:ecbion faotor of 2.7 per cent for trapped pla#ma wag applieds

1 . -/
The determination of Jl@x.anﬁ‘JQP in the bloed semples snd the

- gubsequent caloulations were gs desoribed for the doge  The

rosults ere shown in Wigure 29 and Tebles 56 mnd 574

It can be seen that wed cell volumes based on 510r~labelled
calls are in general smsller than ﬁhmae based on 35HP«-lmballea
calls. The relationship §£ the twe sets of results ls indicated
in Pable 58.

An axamination of the persistence cuxves indidastes that the

32

digorepaney in “ F and 510r cell volume resulis is not due simply
to inorensed rate of losa of §2P~1&beiledsoeils betﬁeen two and
fifteen winutes post injection, It appears that there may be a
loss of 3aP from the injecied suspension of dells and the cilrcule
ation within two minﬁtes of injection. It was thought that sven
after four washes in plaosmaw~saline the suspending liquid might
contain en excessive snount of 32? whioh would be rapidly removed

from the cireulstion,
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TABIE 97

BLOOD VOLUME ESTIMATIONS ON HQUINES BASED ON CELLS

[ =4
LABELLED WITH S%p anp Oltge

Wensd Truo Blood Blood
Hquine . “ﬁéirggl' Peviphersl  Volume  Volune
. e "t Litres ml /Kg.
32p 0.785 3,290 1.1
i 1 pl 2§18 .
M 0.784 54295 71.1
52y 24389 6,730 7843
. O 24005 6,211 72.2
30,
P 1,847 44873 89.6
35 r*l 37'9
2% 0p 14695 4472 8242
3y 1,781 44464 86,3
4 51 5919
Cr 14549 % 002 7541
32 "] v T
P 2144359 62,142 10044
Ry 220451 594257 9745
6 ﬁl 3?.9 .
Ur 21-638 57 D066 9;509

]
5“? Mean « 87.2
311.2

510r Mean = 8246
:1205



TANLE %58

RED CELL VOLUME BASED ON P (reIABELLID CRLLS BXPRESSED

A3 A PERCENUAGE OF RED CEHLL VOLUME BASED ON °PeLADELLED OELLS

No. -1)%3 sh%ag Bo;im Equ;/gm
1 109,40 62;7 8644 100.0

2 105,3 T3+4 9243
3 6146 86,5 7946 91,8
4 96.8 7949 75.1 87,0

5 107+9 TTe3 81.9 101.2

w 6 8La9 | 76,6 92.9 9643

AVERAGE 914 8447 816 94.8




Supernatont liquid from the fourth wash of the labelled red
gells of horse No. 6 wos retained for estinntion of 32? rodlo-
aotivity. The fluid in vhich the cells are finelly suspended
for injeetion, when it is first prepared, can be assumed to have
less radiomotivity then the liquid fyom the fourth wash. Assuming
however, that the suspending fluld of the injeoted myterinl cone
toined os much radionotivity as that in the supernatant from the
fourth wash, the following relationships were determined -

Corrected haematoorit of injeoted suspension = 73,9

Correoted counts/100 secsy/140 ml/fourth

wash supernntant = 370,500
Percentage of suapending fludd in 1.0 ml _

eell suspension = 26,1
os Corrected sounts/100 seas. of suspend

ing fluid in 1,0 ml suspension = 96,700
Total count/100 secs/1.0 ml injegted

suspension » 11,450 x 1,000
Porcentage of total counts injeoted 6
due to suspending fluid - 137750 = 1000

L] 0.84

This result confirms thet the fluid in which the injected
cells were suspended contained little free 32p a few minutes before
injeotion, It does not obviate the possibility that some ~°P was
loosely sattached to the surfage of the red cells, or that it be~
came extruded from the cells to s significant degree in the few

minutes between the last wnsh and collection of the first sample.
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DISQUSSION

ﬁlﬁm uged to labal the red cella of calves

The amount of
was 6-10 times less than that veed by Stahl and Dale (1956) who
inoubsted %0 pe 51ar per kilogrem body weight in a whole blood
sample of the onlf under investigetion for one hour at room tempw
erature. Hodgetts (1961) injected shout 35%150 pe 516r into each
sheep.

The upteke of 510r by sheep red cells was found to be more
than 90% in ten minutes and this differs from the findings of
Hodgetbs (1961)., She recorded that the uptake of Pop by sheep
red cells in seidecitrate~dextrose ab 12+14°C was 80-96 per cont
in %0 minuteg,‘but.this enticosgulent was sometimes sssociated
with haemolysis, and when heparin was used the upiake of radiow
activity wés slowed to 30 per cent in %0 minutes and 75 per cent
in one hour. Klement, Ayer and Kogers (1957) found the percente
of' 51

age uptoke Or by goat red cells to be in inverse proportion

to tné original concentration af’ﬁaaslﬂrOA in the bleood and it
wis of the order of 50«85 pe§ cent in one hours High concene
trations of chromate were found to haemolyse cells readily and
some heenolysis was neaxly elways sgeen by those workers.

Stahl and Dale (1958) found that 510X¢tag@ed bovine red
cells did not lose redicectivity readily vhen suspended in saline,

but that washing in homologous plasma was associated with significant
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1bas¢ After injection of labelled cells into oelves, up to

20 per cent loss of radiomotivity from the circulation was found

 two hours after injections Hodgetts (1961) found the loss of

5lﬁr radiosotivity from the eiroulstion of the sheep to be 7

per cent in one hour and 20 per cent in four hours post injection
if labelliing had taken 30 minutes, regurdless of whether the anti-
coagulant wes heparin or ascide-citratewdextrose, If labelling
had taken one houy, the loss in one hour post injection was 11.5
per gent.

Anderson and Rogers (1957) found the time-concentration

curve of 519rvtaggad cells in the olraulation of the goat to be
gnomalous, 20 goats were injected and 11 of these lost 19 per
cent of the original aotivity in 30 minutes, wherems nine animals
lost 15«25 per cents  Klement, Ayer end Rogers (1957) found that
the loss from the civouwlation of the goat during the first 30 R
minutes post injection was generally uniform end logerithmic and
about 10 per cent per hour, but occasionslly it wes much more.
In some cases a segond logarithmic phase appesred 45460 ninutes
post injeotion. Chien and Gregersen (1962), writing mainly
about determinations in man end the dog stante that the loss of
chromiun lebel is negligible during the o@uraa-of an experiment
while in contrant 3aP labelled cells lost aetivity ot s rate of
rbout 6 per cent during the first bour.

In the experiments desoribed in Part 2 Seotion (B) the loss

of 519r'£rom the ciroulation of the dog was approximately 7 pex
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gent in the first hmur-after injeotlon, more thon reported by
Chien snd Gregeysen (1962). 'The losm of ohromium from the
giroulation of the sheep was approximately 10% in one hour, &
1ittle more then repar%ad byfnadgetta {1961). ‘'he loms rate of
Slar and 32? from the ciroulation of the horse wes approximately
50 pear 63&t in one hour, more than in any of the other spegles.

The uptoke of 32P by the red cells of different species
illugtrated in Figure 25 is in general eimilar'tm that found
previcuoly (Figure 18). In the more vesent experiments however
the wptake of 329 by the cells of spocies other than the dog was
gyeater than deteyrmined previously, though the upteke by sheep
‘and bovine blood remained relatively low.

The persistence ourves of "ton gna #°

Pwlnballed cells
'uaually showed signifiosnt fluotustions and no salisfectory exe
plenation for this won found, They were based on estimations
of vadiopotivity in aequal volumes of péﬁkedwfﬁd gells which wore
determined after ocorreotion for trapped plasma, Fluotuations
in the ourve were therefore not due simply to ohangaé in the
haenatoorits of different samylea,'but the&~were of such a nature
that it was no% practiosble to use extrapolation for the cal-
culation of cell volumes,

The relatively high blood volume/Kg results in greyhounds
ngree with the findings of Courtice (1943) who reported that

greyhounds had relatively grestex biand volumes than other breeds
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of dog, tue to inoreaned wed well volume. Kjellberg, Rudhe and
sjostrand (1949) reporied that blood volume is inereased by ine
orense. in muscle volume, as in o treined athletes Julian,
Lewpance, Berlin and Hyde(1l956) uwed p.1abelled cells in oix
ragewhorses ond four Pexcheronsy The blood volume/Kg bodywweight
was nmuch higher in the race~horses.

Prognonoy is known to be asgosiated with sn inorease in
blood volume (Bexlin, Goetsch, Hyde end Psrsons, 19533 Verel,
Buyy and Hope, 19%6), - Baroroft, Kennedy and Mascn (1929) deters
mined inoresse in blood volume, emsentially & plasmaevolume ine
. erease, ap pregnency developed in sheep, compsyed with non-pregnant
controlss  The blood voluwe increase woo of the order of 20s25 per
cont, Reynolds (L953b) determined piaam& and Tlood volumes in
20 pregnent end 7 recently colved gowss i1 was found that the
increase in plesmoe and blood volwne with pregnengy wes mnaintained
during lactations The only preguant aninsl investigeted in the
experiments at present being reported did heve-a noteshly high
blood volume per kilogremme body veight (Dog No. 3. Table 46,

By = 12645 ml/Kg).

Dale et &l (1957) oampmﬁed blood volumes of three lootating
Jorsey cows and three which were dry. The lactating animsls had
plasnma volumes snbout 30 per cent grentex. _Hansara>et al (19%3)
did not find inorease in hlood velume in four leotating Hereford
cows, but reported that five lactsting buxrros had blood volumes

about 25% larger than nonelactating mature snimels, The only
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leetating enimala investignted in the current experiments were
six sheeps The blood volumes/Kg determined in these wero in
the higher ronge of those reported in the litersture.

Hlood volume hes been found to be inoyeased ot an inoresaed
altitude\(Lawyen;;} 1955), and wnder werm conditions (Yoshimura,
1958) « 3&13 et 21 (1957) porformed sstimetes of blond volume
ond plesma volume in c&hﬁ&a at temperatuvres with a marked diwrnal
variation:  Serum and bl@pavvnlum@ estinetlons were increased
by 10-18% at the higher ranges of tempevature,

. Hensard ef ol (1953) faﬁnd significantly higher blood
volune/Ke mepsurements in the young of all species than in older
animalss  Goteev (1939) fownd sipnificantly higher values in
lambs than in adult sheep, In the experiments currently reported,
several young bovines an&'aquinaa vere used+ The rasulte in
théﬂéxaxa,iﬁ;liﬁgiﬁiﬁh the findings of Hensard,

Thé results of blood volure determinetions using Lop and
BQPﬁlabellad cells, expressed in ml/Kg are in line with those

determined in previous experiments, though the ?2

Pecell volume
figures are somewhat highers This is explained by the high
proportion of greyhounds in the most recent experiments. The
lower readings obtnined in 516r experimenis are associated in
part with the slower loss of this isotope from the eirxreunlation.
As 5lcx labels red oells more effectively snd more rapidly than
32? it appears te be the isotope of choioe for this type of

experiment.
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In the estimation of blood volume by means of labelled cells
there appear to be two main disadvaniages. Every animpl must have
its blood individually labelled, and the persistence of labelled
rod cells in the circulation efter injection appesrs to be irregular.
The results obtained with labelled red cells in these experiments
do not appear to be accurate enough to enable changes in circulats
ing blood volume which ocour over e short period of time to be
acourately assessed.

Blood volume might be better assessed by the use of labelled
plesma proteins In thigs respeat 1311 has sdventages over livans!

.~ blue and as this isotoplc method has been little investigated in

animals it seems worthy of further study.
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SUMMARY

1, 2p and P“0r radioactivity was detormined in the seme sample
by counting in different countera,

2 The red gells of different species were 1ahelled simial -
taneously with “2P and 2'Gr. The uptake of ~°P was found to be
gimilar to that determined previously while the uptake of 51 Or

was found o be of 5 much higher degree than thet of 2P, nnd much
more rapids

B The persistence of 32? end tgr~labelled celils in the circule
ation af various spscim$ wag studied by the sstimetion of radioe
sotivity in 1 ml of packed red aelis, ﬁexive;?from 8 haemstoorlit
for which the correat allowanca fer trappea plaqma hsd been made.
519» was lost less rapidly than 33?. »

4. Determinations were made on & dogs, 6 sheep, 6 Savina
animgls and 6 aquine animals., Blood volume messurements were
determined snd when expresced as ml/Kg the results baged on 516r
labelled cells were smaller then those based on 5EP~1ahelled cellss
The resulits based on 510r~1a§ellaa cells sre probably the more
securate sand this isotope ls to be preferred for labelling pure
pogess

5« 7 whe reaults of the experiments are dlscussed in relation to

the results determined in Port 2, Section (A) =nd the literature.
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GUNERAL SUVMMARY

Pyl

le After centrifugation of blood under conditions aoéept&bla
for measurements on the blood of man and the dog, the pmount of
plasma trapped in the red cell column of cows! blood was found

to be much greater than thet trepped in the hlood of rabbit, dog

A
+

or horse. ’

24 Haematoorit deterninations were carried out on bovine, sheep,
dog, rabbit, pigz and horse bl&od%wundar varying conditions of
eentrifugnﬁion.-. It was found ﬁiﬁt bafore reaching stsbilisation,
bovine arid sheép samples required to be centrifuged for o much
longer period than the sauples of other specles. Eatimations of
intercellular plasme were madeé on bovine blood after centrifugation
for 2 hours at 1500 g in a refrigerator caﬁtrifuge. 1 Dazpite the
extended period of centrifugation the amount of intercellular
plasme was 8511l very high. |

e The effect of the temperature of the centrifuge on hnematoe
orit determinationsland the percentage of ftrapped plasma was studded,
Inerease in temperature of the centrifuge was found to be mssocinted
with a reduction in the helght of the haematocrit snd the amount

of trapped plasma. A modified analytlesal method was devised

vhich proved effegtive in the study of the total and distribution

of trapped plasma st different levels of the packed red cell column,
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Hhi

4. It was demonstreted that inoressing the proportion of red
cells in a blood gample did not change the proportion of trapped
plasma in the lower sections of the haematocrit colum,

S A subatantial number of scocurnte determinations of trapped
plasma in the bleods of different apéaiaa were performed, For
each species graphs were constructed from which it was poassible,
when the height of the haemstoorit of an individual of the gspecies
wan determined, to read off the amount of plasma trapped under

stondard conditions of centrifugstion.

Part 2 (A)

"6, Marked species differences were found in the uptake of 32?
by the red cells of different species., Uptake by the cells of
cow, sheep and horse was poor.

" T It was found that the wuptake of 52? by horse red cells was
mavkedly increased by removing piasm& befors adding the isotope.

- 8. The persistence of gaﬁﬁlabélled raed cells in the airculation,

and blood volumes were determined in horses, cattley pigs and dogs.

Part 2 (B)

9, It was found practicable to determine 32P and 51€r notivities
in the same sample by using different counters.,
10,  The uptake of 32P and 518r by red cells was studied in

different speoies after simmltaneous label ling,.
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11. - The persistence of 321’ and. 5 1'Grm).&bellad cells in the ¢ire
culation was studied. Hlood volume estimations were made, based
on 2p.lsbelled cells and on ~ Crelabslled cells and the results

Gampﬂ.red %
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