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STMMARY

Experiments have been carried out to determine the
capacity of the sheep to synthesize hasmoglobin and the effect of
dietary protein intake on the rate of baemoglobin synthesis.

in effeost of intravenous adrenslin om Jugular haemoglobin
concentration was measured, and a gocd agresuent was found betwesn
the Gvans-blus method of determining blood volume and the Sicr-
tagged red cells method of estimmting blood volume.

Splenectomized sheep responded to single massive bleeding
and prolonged dsily bleeding with an increase im the rate of
haemoglobin synthesis and in the retention of dietary nitrogen,

Ip intect sheep & moderate degres of exparimental ansenie
(6 gn HbY) meintained bty daily tleedins provoked a msrked increase
in the rate of haemoglobin aynthesis. The maximum rate of
haemoglobin synthesis achieved wus about 3ix the normal rate which
wes equivalent tc¢ the production of C.25 gm Hb/day/kg body waigsht,
Heemoglobin concentration wes maintained at 6 gm Hbj partly at the
expense of the reserve hsemoglobir in the epleen. Fasmodilution wes
observed during bleeding followed hy & haemoconcentration during
the recovery period.

Uomparisor of the vate of hasmoglobin synthosis on two
levels of protein intake (65 @n amd 145 gn crude protein per sheep
por day) suggested that the mate of haenoglobin eynthesis was
independent of dietary intake within the limits oxamined, but the
level of the circulating mees of hasmoglobin after recovery from
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bleeding was provebly influenced by the protein intake.

The implicatioms of the resulte from these experiments
eve discussed in relation to the factors which imfluence the rate
of heamoglobin aynthesis.
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This theeis contains no material which has been accepted
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or written material from another person, except where due raference

has Leen made in the text.
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I. INTRODUCTION
A+ Factors wueno the Rate of lobin e8is

Hacmozlobin synthesis is intimately associnted with
erythropoliesis, the process whereby red cells are produced by the
bone marrow and released into the circulation. iny discusaion
therefore of the factors which influence the rate of hasemoglobin
synthesis, nust of necessity include those factors which determine
the production of eryihrocytes from procurscrs in the bore marrow.

The presence of huemoglobin in the erythrooyie is =
characteristic of vertelrate blood, and the functioral significance
of the blood pigment in relation to the tramsportation of oxygen
tc the tissues was investigated a century ago by Hoppe-Seyler (1864)
who demonstrated the spectral variations which ccour when hasmoglobin
undergoes oxidation and reduction.

Juring the latter half of the nineieenth century and the
first quarter of the twentleth century there wers only spusmodic
observatione on the factors influencing the fermation of the blood
cells. Ioest workers were concerned with a descripiive and
morphologic approach. 7hen im 1929 dhipple and Robscheit-Robbine
made an important contribution to the etudy of hematopoiesie by
initiating an investigetion intc the dietary factors which influense
bhlood protein formation in the dog, and the dynamic function of
the blood proteins in protein metaboliasa,

1., RButritional Requirements for Red Tell Formation

Cartwright (1947) and Dinning (1962) im their reviews



on the dietary factors comcerned in erythropoiesis have indicated the
purticuler importance of aminv mcids, protein, certain essential
vitamins and minerals. Cartwright has mentioned the diffioulty
of separating those fectorz which are necessary for the formation
of the red cell fram those factors which ave dirvectly concerned
in the formetion of baemoglokin, and Aschkenasy {1960) has pointed
out that the vericus mutritionsl factors are metabolically inter-
related. It is difficult therefore to define with precision ihe
degree cf respomsibility which should bs attributed o a dsficiency
of one or another dietary factore when blood cell anomslies cccux.
#) Erotein and amino scids.- FProtein forms a major pars
of the blood and blood ferming tissues, and haemoglobin is
guantitetively an important protein in vertebrztes, Compared with
estiuates of the amounts of many other specific proteins in WET,
hsemoglobin is present in the body in & relatively lavge amount,
and accounts for about 1% of the body weight (Fauling, 1955).
¥hippie and Hobscheit-Gobbins (1925) established standard
techniques for ssseying the influence of dietsry yrotein and other
Food factors on blood regeneration im the dog. They used standard
anazsric dogs which were bled until their huemogiobin concentration
wes 40-50 peor cent wormsl and then maintained at that level by
daily or 2-3 weekly bleedings, to ensure & constant stimulus to
red oell formation. A maintenance diet consisting of o stasdard
bread wes given to the dogs which were ehle to synthesize 2-3 &
haemoglobin & week above the maintenance level. Additional food,
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extracis, or apecific food fectors, added to, or givem in place of
the basel diet could then be asssyed {or their ability te stimmlate
the synthesis of hasmoglobin and plasma protein. 7The amount of
hasmoglobin and plasma protein remeoved by dafly bleedinz to
maintain the dogs at & standard level of annemis would then indicate
the rate of blood protein synthesis. The recovery from s single
massive bleeding and the effect of dietary intake on the recovery,
was elso observed,

The importence of wr adequate supply of dietary protein
for hasmoglobin synthesis was reported by Dsft, Robschelt-Robbins
and Whipple (1933}, who showed that zcute protein starvation in
the anaemic dog stimuloted 2 breakdowr of tissue protein and a
conservation of dletery nitrogen, in an sttempt te maintain a
limited haemoglobin synthesis., This work was continued by Hahn
and Whipple (1939) who studied the increesed hasmoglobin synthesis
in standard armemic dogs when a limited protein intake was
supplemented by edditional food protein, and caleulated that sach
additional 7~8 gn food proteinm would contribute tc the synthesis
of 1 gs haenocglobin.

£n interesting develomment to the understanding of the
role of protein im blocd formetion was reported by alt (1938) who
found that a deficiency of an essentisl mminc scid in the diet
o young rate suppreossed growth and reduced the rate of red cell
formation. If the young rats were bled however. an increased

erythropeietic response indicated that the rsduced rate of red cell
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formation was not due specifically to a mtritional deficiency.
From these results Al% concluded thet growth and hleeding produce
e pimilar stimulus to erythropoiesis., 4lt's work alsc suggests
that uu inoresse in erythropoiesis in response to acute bleeding
may be independent of the diet.

dfurther effects of protein, amino acids, haemoglobin and
serum digests on hesuwoglobin and plasms protein production wers
reported by Robmchsit-Robbins, Hiller and Whipple (1943) using the
standaxd angemic dog techmiyue, They found that when the dietexy
supply of protein wes adequate hsemoglobin aud plasms protein were
syrthesized simdtancously., In the ovent of protein depletion
however, hasmoglobin appears i¢ be synthesized preferentially at the
expense ol the tissue protein. From these cbservations Whipple
(1948, 1956) developed the concept of & dynsmic protein pcol with
plasma proiein acting as an intermediary between blood sand tissue
proteins, and suggested that the synthesis of the various proteins
is deteruined in accordence with 2 pricrity system.

An example of the dynmamic nature of the bedy proteins
¢an be seen in the experiments of Yuile et sl. (1959). TYuile
et al. used plasis proieins labelled with M&’J-lyaiw to demonstrate
the shift which cccurred after plasmapheresis, in the ratic of
protein in the interstitial {luid to protein in ¢he plesma, A
changze from the normal ratic of 1:1 to greater than 2:) wes measured
in the dog, and thiz transfer of protein favoured the maintensnce
of the plasms pro%ein concentration. When the depletion of proteim
from the total exohangeable pool excezded 3¢ por cent, the removal
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of additional plasma protein was associated with a loss im body
weight.

Dethard gt ai, (1956) gained support for the concept of
a priority systcm for protein synthesis from their studies on the
absrrations in protein metabolism and sssociated ansemia in
rsoplastic diseases. The suthors have suggested that the rapid
decline in erythropoesis found in rats following protein deprivation,
iz an adjustwent of the orgarism to utilise protein in accordance
with & priority sysiem. The reduoticn in erythropoiesis following
proteir desprivation however, may be related t¢ & decressed domand
for oxygen (Jacobson et al., 1957); exrythropoiesis cenm be stimulated
in a protein depleted rat by bleeding or cobalt sdministration,
Bethard et al. (1958 also suggest that rapidly growing tumors
ip debilitated patients can preferentially utilize protein, which
results in o amarked reduotion in erythrupoiesis.

Dinning (1962) has summarized the sifects of dietary
protein on blood cell formation. He suggests that the effeots of
a deficiency may be complex and lead not only to a deficiemcy of
building :materisls ut also produce an hormonal imbalance, and a
depletion of cther hematopoietic factore. In conclusion he proposes
that the requirement for protein is besically a reguivement for
the “essentisl” amino acids,

The requirement for the "eesential" amino acids in the
rminant however, is medified by the intervention of the ruminal

miorc-organism. 4 considerable pwoportien of dietery protein is
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converted into microbial protein before leaving the rumes, and
microbial protein provides z siznificant proportion of the

digestible protein which ie svailable to the ruminant, The
solubility of the dietary protein is one importamt fecter in
determining the extent of the conversion of food protein imto
microbial srotein (McDonald, 1954, and HeDonald end Hall, 1957).

The mieroorganisms in the rumen can supplement the eminc scid
compoeition of the food protein, aud it has been shownm by Loosli

et el, (1949) and Duncan et 62, (1953) that the emino scids which

are known %0 be dietary essentials for the rat can be synthesized from
vres in the rumen, Urea as a nitrogen source does not completely
satisfly the requirements of the rumen microflors, although satisfactory
growth in lambs has been noted by Utarks gt al. (1554) when urea
constituted 30 per cent of the nitrogen in the ration. However, a
naturel ration of hay and grain has been shown by Duncan gt al.

(1953} to be superior to urea as a souvce of pitrogen in the cslf.

It appears therefore, that the basic sdvantege of the rumen is
related ic the synthetic activities of the microorganisms which

can synthesize the essential amino acids which are not represented

in the diet.

b) Vitaminw.,- 4lthough vitamins are required for reactions
which are gqualitatively similaer to other tisesues, experimental
evidence or the apecific influence of deficiencies on red cell
formation suggests that certain reactions are quantitatively

different. In particular vitamin Elz’ folic acid, vitemin C and
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vitanin EG appear to have a significant influence on red cell
formation {Dimning, 1962).

1t is recognized now that the beneficlal effects of some
of Whipple's diete (Whipple and Robscheit-Rotbins, 192%) on bleod
protein formation were due to the preserce of certein essential
vitemine. #or sxsmple, the ability of liver to stimulate
srythropoiesis in arsemic doges was almost certainly related tc the
vitemin E , comtent of the liver. Rachmilewits et al. (1960) have
shown that 1’212 i@ stored in the liver, kidney and intestines, and
that bleeding stimuistes mobilization and transfer of the 312 e
the bone marrow, .

The “extrinsic factor" which Castle (1929) postulsted
formed a substance effeciive in the treatment of pernicious enasmia
when inoubated with am "intrinsic factox" in xormel gastric juice,
vas subsequently identified with vitamin 312, the growth factor
desoribed by Shorb (1948), and was isclated independently by
Rickes et ml, (1948}, and Smith s¢ al. (1948). Recent research on
the isclation of "intrinsic factor” would support the view that
"intrinsic fector” is prebably e protein (Samith, 1960}, In
particular the isclation of a fraction from pig pylorus with
"iztrinsic factor” activity has been reported by Holdsworth (1961);
this fraction was found to be & high molecular weight glycoprotein
whose amino acid composition and physical chemical properties ware
determined. Chosy and Schilling {1963) huve also attempted to

isolate "intrinsic factor" from human gastric juice with a procedure



used for the purification of protein.

Bishop et al, (1955) have shown that vitamin B,, must be

combined with intrinsic feetor ¢c be absorbed, and the physiolegical
mode of vitamin Blz absorption medicted by intrinsic factor has
been studied, for example, by Glass, Boyd and Stephenson {1954),
Doseherholzen et al. {1957, 1959), and Holdsworth and Coates

{1960, 1961), Glass, Joyd and Stephenson postulataed the existence
of an "intreoural intestinal-3. ., acceptor” awd Doscherholmen et al.
suggests that slow absorption under certain conditions may be due

$0 a temporary storsge of vitemin .P.'fm in the intestinal wall.

These results are not incompetible with the more recent studies

by Holdsworth and Coates who have shown that the most active site of
vitamin 612 atsorption in the baby pig and rat is jJust distal to the
saall intestine.

Of interest, although in need of confirmation, is the
work of Wagle, liehta and Cormor Johnson (1958) who have shown that
vitamin Eiz is assooizted with the *pil5 snzymes' {raction from
the Aifferential centrifugation of liver cells. The "pHS ensyme*
fraction is responsible for catalysing the activation of amino acids
with AT¥, and the incorporation of the amino acids into microsomal
protein, which sugsests that vitamin 312 may have a direct influence
on biood protein synthesis., This work was not confirmed by Fraser
and Holdsworth (1959) who studied the uptake of vitamin B, in the
deficient chick liver and found that only about & per cent of the

vitamin taken up by the liver was contained in the pHS enzymes, The
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majority of the vitamin was found in the cell supermstant fraction.
Fraser and Holdsworth also compared the pHS fraction from defioient
liver with the pHS fraction from normal liver and wers umable to
find a direct isflusnce of the vitamin 312 ocontent of the fractions
in the activation of smino acids or in the rate of imcorporstion
inte microsomal protein. In addition, when vitamin 312 was added
to coll fres systems frum chick liver and rat liver it 414 mot
affect the inccrporation of amino aoids inte protein (Fraser ani
Holdsworth, 1959; Armstein and Simkin, 1959).

It has been propossd by Mook (1962) that one of the
primary csuses of megaloblastic ansemis, which implicetes vitamin
% s folic acid and vitamin C, iz an interference with mucleic acid
netabolism, The zynthesis of micleiec z2¢id imvolves two stages,
fivet the synthesis of purimes eand puricidines from 602, formate
and zlyoinme and seoondly the anabolise of purines and purmidines
to micleic scid, Blook suggests that folic scid snd vitamin C
(the latter acting to convert folic to folinic acid) ave catalysts
of the first stage, and vitamin 312 catalyses the sscond siage,
whioh implies that megaloblastie arasnmia can be caused by a
mitriticoal daficlienoy of vitamin 312 s folic acid or vitamin C,

In the case of vitemin 312, & decreased absorption of the vitsmin
from & lack of "intrineic feotor" secreted by the gastric mmcose may
also be imvolved.

Dinning (1962) considers that a primsry role of vitemin
E‘G in M@noglobin formation appears to be related to the requirement
for pyridoxal phosphete in the biosynthesis of haeme, Vitamin B,
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probably acte as a co-decarboxylase in the decarboxylase step in
the synthesis of hasme from glyocine and "active* succinete, in
the nuoleated red dlood cells,

Vitarin deficiency im the rumimant however is modified
by the synthetic activities of the ruminal mloro-argunisms, it was
cbeervad [Theiler et sl. (1915) quoted by ion and Porter (19%4¢))
that rusinants could be maintained for long pericds on a diet lew
in certain vitamine, and it was suggested thsi the extensive
bacterial flors in the rumen might synthesize the vitamins., It
vas pointed out however by Savage and Mekay (1942), that the young
rminent mizh$ reguire an exogenous supply of the vitamin B complex,
until the rumen function develope when the animsls start eating
roughage. This wes confirmed by Johnson ot al. (1950) and Lyaper
and Johnson (1952) who fed young calves on a symthetic milk diet
deficient in varicus B ammplex factors.

Tho effect of the composition of the diet or the synthesis
of thiamine, riboflavin, nicotimic acid, pantesh

biotin, folie anid and vitamin Bm, in the fistulated steer, has
been repovted by Kon and Perter (1953). 4 substantial synthesis
of all the vitamin: messured ccourred on the low vitemin diete,
whioh were compssed of straw anmd & nitrogen scures such as casein,
By comperison, except for vitamin 312 and related compounds, the
vitamin ecorncentration in the rumen 4id not chenge appreciably on a
normal diet of hay and grain,

The ruminant hes the advantags therefore, of synthesiszing
vitamins of the B complex in the mumen before the food enters the
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digestive tract, so that utilization is more favourable than im
other animsls where intestimal aynthesis of vitamins ocours.

s) Minersls,- Three minersls, irom, copper and cobalt are
outetanding for their fundamental fumotion in erythropoiesis.

(1) Zzom. Bethard (1962) states that as early as 1680
Thomas Zydenham preseribed fron Lilings steeped in wine for anaenia,
and i 1831 Fierre Blsud advocated 1 gr ferrcus sulphate daily foxr
anaemias & prescription which it would be diffisult to improve
on today, for iron deficiency ansemia. Cecleman of al. (19%3) have
also discussed the effectiveness in man of ferrous sulphate on
hasmoglobin synthesis, when addod as an iron supplement to the diet
of blood donors.

Ir 1925 %hipple and Robscheit-Robbins were begiming to
differentinte tetween the limiting effects of iron amd protein on
the rate of hasmoglobin synthesis, and subdequently Hahn and
Whipple {1939) showsd thst when the reserve stores of irom inm the
body are depleted, the uptake of iron is en absolute limiting
factor on haenoglobin synthesis. The availability of radioactive
iron fagiliteted studies on the utilization of iron, and radiowctive
iren was wsed bty Hahn st al. (1939) %o demcustrate an inoreased
absorrtion of iron from the small intestine in the dog after the
stores of iron were depleted by bleeding. A4 three Fold increase
in the absorptiocn of ferrous iron in the duodsmum of man and of the
ret after bleeding, hes been found iy Bothwell gt al. (1958), who
have also shown that the statuz of the ivon storee and the rate of
erythropoiesis influence iron absorption.
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The effect of protein dopriveticn im the young rat on
the distzidution of injected “ Pe has shown that there i a
reduction in *“Fe imcorporated intc the red cells and an increased
scowmuistion of 'Pe in the Liver (Eethard e% al., 1952
Aschkenasy, 1962) rbioh parallols the deoremsed growth rate and
suppression of erythropoiesis,

The normal distribution of iron in men hee deen discuseed
by Bethard (1962) amd in the rumirant by Underwood and Morgman
(1963}, Inman 3 gn ivon is associated with haemoglobin ané about
1.5 ga iroxn is stored 22 ferritin awi heemosiderin, 4 further
CG.5 gn is present in transferrin, myogiobtim, cytochvome, and fvom -
depencent ensymss such as catalase and succinic dehydvogunase.

In the ruminant Underwood and Morgan (1963) hove demnstrated that
the distritution of irom is similar te that in man,

(1i) Coppex and cobali, The influence of copper ani
cobalt deficiencies in the sheep has been very thoroughly
investigated, (Marston gt al. 1Y35; Hobonald, 1942; Bennetts
and Beck, 1942, Is relation to ved cell production Marston of al,
(1938) bave observed that in sheep grasing certain coastal areas
in South Australia a severe snssala was present, which only
responded when toth eopper and cobalt supplewents were provided,
The ocourrence of an uncomplicated cobalt deficiency in sheep in
South sustralia bas Deen noted however by Wiclonaid (1942); thie
condition was associated with e variable degres of ansemia and
responded to cokalt supplement alone., DBDennette and Beck (13942) have
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investigated a condition called "emscotis atexis" in Yesterm
Auatrelis, associsted with & severs armmemis in sheep grazing
copper deficient pastures. They found that scme hasnoglebin
syntheais was etill possible provided the sheep wexe not called
wpcn to produce and resr progeny. The ansenis mspondsd te ¢
supplement axi o return to & normal bloed picture ceocurred within
four meeks,

The function of copper im erythropoiesis has been studied
by Cartwright (1947) end Wintrobe, Cartwright and Gubler (1953).
They have shown that when ironm is fed to animels deficient in
irou axd copper the total iron content of the llver and spleen
increasss in proportion to the amount of iron fed, This indicatee
that izon is absorbed and stored mormally in the absence of capper.
If copper is then fed to the animsis, husmoglobin synthesis is
stisulated with & subsequent reduction of the iven stores to =
lovel found in severely amsemic animsls. The authors concluds that
copper is essential for the mobilismation of irom from the tissues,
ard Jor ite conversiox into hessoglobin,

Carteright (1947) has also pointed cut that copper is
essentisl for the cytoohrome cxidase activity of the liver, kidnay
and blood, which euphasizes the role uf copper in erythrogonesis
and in basic uetabolic processes,

The fumction of cobalt ir erythropoliesie is very iaportent,
A deficlency results in anasmia, whilst the administration of small
amounts produces erythrocytosis, and the administration of large
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amcunts depresses erythrojoiesis (Goldwasser et al., 1558), In the
sheep the anaemia associated with cobalt defioiency can be cured
when the sheep are given a dose of 300 mg vitamin 512 per sheep

per waele (Harstom and Lee, 1952; Anderson and Andrews, 1952).
Vitanin B]'2 ves found (o contain cobalt when it was isolated
independently by Rickes gt al. (1948) and Bmith gt 21.(1546): and
Hale ot e1., (1950) showed that vitamin B, is synthesized in greater
amountz in the rumen of normal thun of cobelt deficient sheep., Ford
and Porter (1952) have isolated other cobalt oontaining compounds
related t¢ vitamin Ba from rumen contents and consider that these
compounds may be necessary for normal microbial funetion, In
general however, animal tissuee contain mainly vitemin Bm, whilst
other natural materials and bacteris contsin & preponderance of the
cobalt containing compounds related to vitamin Bo {Ford ot ai.,
1953). It would appeay therefore, that slthough cobslt wmey fulfil

& duel funotion in the ruminant, its main function in relation

to exythropoiesis iz as a constituent of vitamir 312"

2. Fundsmentel Stimuius and Comtrol of Exrythropoiesis

The last ten years have seen the dsvelopment of new ideas
on the fundamental stimulus for srythropoiesis with enphasis on
& lnmoral control. &rant and Root (1952) im their comprenensive
review cn the primavy stimuiue for erythropoiesis, regard Miescher
(1893) as the first person t¢ propose & mechanism of combrol.
itieschex wes probably influerced by the observations of Bert (1882)
and others, on the polycythesis whiokh cccurs in people living at
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high altitudes. He proposed that anoxia of the bone marrow was
the yrimary stimulus for eryihrvopoiesis,
Zieschar's Lypothesis was widely acoepted until Grant
(1948) tested the hypothesis experimentally, snd was wnable to
demonstrate any difference in the oxygen satwratiom in the
bone marrow 5f anaemic and coatrol dogs. Evslev and Hughes (1959)
have alsc shown, that in & suspension of rabbit bone marrow, cell
multiplication incressed with an incressed oxygen zaturation.
Interest in the humoral controi of erythropoiesis developed
from the observations of Carmot ard Deflandre (1905) who found
that after injecting the serum from anameaic rabbits into normel
rabbite, there wee & significant inorease in the concentration of
rad blood cells, From these observations they postulated the
- existence of an erythvopoietic stimulating factor in the plasua,
vhiok they named hemopoietine, Very little interest was shown in
Carmot snd Leflandre's obserwtions until Krumdieok (1%43) axd
Bonsdorff and Jalavisic (1949) presented impressive experimental
evidance in support of ¢ humoral factor im the plaama of ansemio
rabbits. Doradorff and Jalavisto named their factor exythropoietin,
Zhe naxt few years marked the acoumulation of & lerge
amount «i' experimental dats in support of a ezythropeietic stimulating
factor (ESF) much of whioch has besn summarized by Jescobeon et al.
(1959, 1960}, Gordon (1559) and Eorsook (1959). Jacobson and
co-workers have aloc attempted %o standardise the essay procedures
for srythropoietin, and estabiish a unit of exrythropoietin in terms
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of the response in the starved rat to 5 4 sole of cobaltous chloride,
as neasured by the appearance of 2°Pe in the cireuleting red cells
after incorporstion of 59!@ in the bone marrow,

Jacobeon (1957) has also suggested that the body's oxygen
supply and demands oonld determine erythrooyte praduction. He
found lowered #SF levels in the plssma following hypophyzectomy, and
alpo in <ssos of agute starvation, whers the overall metabolic
oxygen requivencent wes reduced, and inoressed levels of ES¥ when there
was o desaznd for axygen fcai'l'owing exposure of an animal to lowered
mrometric pressures, or after blood loes,

The poesibility thet the products of hasmolysed blood may
be o stimulue to red cell preduction ami provide another mechanism
of erythropoietic comtrol has been exemined by Brown et ai, (1963}
who suggests that the control of evythrowciesis may inmvolve
porphyrin-like oompounds ir a feedbaok meshanism.

Goldwaaser and Wnite (1959, 1962) and White et al, (1960)
have used ion exchangs precedures to purify erythropoietin, and
& highly active fraction hes been cbtained containing the hormone,
which hase the physico-chemical properties of & mmall woleownler
weight glyoveprotedn.

Lirmmen and Bethell (1957), Limman (1962) amd Gley and
Pelor (1955) have presented evidence for s second M&ﬁ:tmllim
erythropoiesis, which ig soluble in fat solvents. Other workers
however have been umsble to verify their findings and the majority

of workers now favour a single entity,
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Meirneke and Cmafts (1957) and Fisher (1958) have reperted
a speoific effect of corticoids and growih hommons on erythropvoizsis.
Thie hus been supported by Weinsteim (1962}, who suggests that
cortzin hormonss may have a direcs affect on exrythropoiesis, =lthough
in generel the endoorine system inliuwences erythropoiesis by ita
control of bsaic metebolie processes,

The acceptance of a humoral faotor controlling erythro-
poiesis hac stimulated a search for the site of production and an
investigation of the wode of zotiom of the hormones, There ig strong,
but not conclusive cvidence, thet the hormone is pruvduced or
activated by the kidney. Jaccbson st al. (1957), Hastes (1960} and
warter gt e, (1962) bave demonstrated some activity in kidney
extracte and in saline washes {rom kidney infusioss, Frentice
and Mirand (1957) and Gordon (1959) provide evidence that damage
+¢ the liver ineresses the 1ife span of the oiveulating “5F, whioh
suggeste thal the liver xay play a role in the metabolism of
erythropoletin,

Regaxrding the mode of mction of the humoral factor Erulev
(1959) and Erslev and Hughes (1959) have demonstrated « divect
effect of srythropoletir on bhore marrow suspensions in vitre, amd
op cellular proliferation in the bone merrow in vive. Erslev
recognizes three wain sta:gau in the transformation of stem cells
tc msture red celle in the bone merwxow., First a differentiation of
uultipotential stem ocells into pronormcblasts, & nmon-mitotic pxocess
which is probebly cortrolled by erythropcietin, then the mucleated
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red cells go through a mmber of mitotic divisions, and fimally
maturation and haemoglobin symthesls takes place.

Alpen srd Craimore (1959);‘ Lajtha and Cliver (1960, sud
Filmanowios and Guemey (1961) support frslev ond Bughes (1959)
observutions, and prosent experimental evidences which suggeate that
arythropoietin acoelerates the differentiation of stem cells into
pronormoblasts. Naturation and sultiplication then proceesds at n
rete which is determined by the mutritiomsl status amd the erdocrine
balance of the animal, but is inmdependent of the primary etimulus.

Lisman (1962) meintains however, that a seconéd humoral
factor can alter the mitotic rate, and has produced evidence ihst
a thermostable faotor which is probably a lipid determines the
mitotic rate. This discrepancy in the general trend of thought has
not bewa Pesolved as yot, aslthough most workers do not subscribe to
Liman'a hypothesis.

3o ZThe life Span of the Hed Cell
The life spaen of the erythrocrie in the nmormal mammal

is well docusented. It has been shown thet there is a relatiomship
between body maso and the potentiel life spav of the ved cell, whieh
ranges iree 30 days in the mouse to 120 days im the sheep and man
(Allison, 1960)., This suggests that the average daily turrover of
red cells in the sheep is approximately 1% per day or about 10 ml
oells per doy, which means thet 1% of the total circulating red cell
voluse is removed daily by the reticulo-endothelial system, and

replaced by newly formed red cells from the bom marrow.
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ifter extrusion of the mucleus, shortly before entering
thae circulation, the red cell has iost ite capaoity to synthesise
protein. Putler (1962) has shown however, that the red cell rotaine
the capacity to metabolize glucose to form the high erergy phosphate
compound ATP, which is probably important for the msintenance of
the integrity of the membrane. By the and of four months the human
red cell hog lost many of its metabolic activities, due te a
reduction in certsin ensyme uystems, The aged cell is then dsstroyed
by the reticulo-endothelial system,

The methods that have been used for the measurement of
the 1ife span of the red cell have been desoribed by Berlin et al,
{1959} and Blahd (1962). Heasurements of the life span of a mixed
population of red ¢ells in man have been made using the Ashby
Giffuruntial sgglutinstion method, in which the disappearance of
& sample of universal donor cells in a suitable recipient can be
followed by taking blood samples at intervals, agglutinating the
recipient cells using a suitable antiserum, and counting the
remaining donor celle.

4 useful check on Ashby's method cen be made by tagging
& sample of exythrocytes in vitro with Slﬂr, reinjecting the cells,
and plotting the disappearance curve of the 51Cr, from samples of
blood taken st convenient intervsis,

The potential iife span of the red cells in the eheep
bas been estimated by labelling the red cells in wive with >Sve.

The 59?0 was utilised by the bone marrow, incorporated into new
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red cells, and the potentiel life span of the 25¥e in the oliroulating
red ¢ells was found to be 130 days (Pucker, 1959).

4. The Uplesn

fie ovidence of & direot influence cof the splesn on the
rate of red cell foxmstion in the doz and rabbit could be found by
Faton gt al. {1902), who ﬂ;oud that alter splensetomy dogs and
rabbite recovered from hasmorrihsse as Quickly as normal sontrols.
Jacobson et al. (1957) and Larber (1958) have also beem umsble %o
demonstrate an effect of splenectomy or bleod regeneration after
blcod loss.

The spleen is imvolved in erythropoiesis in man during
the first five or six months of intrauterime life, It has slso been
demonstrated that the spleen retains =z latent capacity to form red
cella. ¥hen rormal spleen Sissue is injected into animals whose
bone marren hea been irradisted, the injected celle pase into the
bones and form the puacleus of new bone marrow, Filmanowicz and
Gurney (1961; ani Kurtides et al. (19€3) have shown thet inm the
mabure souse and rat the spleen contirues as an erythropoietie
orgen and forms erythrocytic elemerte from primitive reticular cells.

Baveroft (1930) regarded the spleen essentially as &
reservolir for red cells, which could make a fine adjustment fox
varying temporary demands. In the sheep, the dymamic storage function
ef the spleen in relation to fluctuations in the »ed cell concen-
tration in the Jjugular vein has been shown hy PTurner and Hodzetts

(1959) to be very important. The splesen in the sheep may contain
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1/Tth of the total blood volume and 1/4th of the red cell volume.
Crosty (1959) end Craddock (1962) have suggested that
the spleen is & specialised purt of the vaecular system, and cote
a8 o master filter. The wuthors slse coneider that the primery
function of the spleen 4e¢ the removal of sged or dsformed colls
and cell delwis from the cireulatiom. After the catabolism of the
red cell in the spleen, iron is either stored or tzensport to the
bone warzow, gichin is degraded o form part of %he pool of
avallable amino acids, and haeme is converted to bilirubin and

axcreted in the bile,
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This investigztion was undertaken tc¢ determine the capacity
of the sheep to synthesize heemoglobin under vaerious experimental
conditions.

The classical studies of Whipple and his asscciates,
summarized by Whipple (1956}, on the effect of dietery restrictione
on hacmepoiesis have shown clearly the importance of protein intaks
in erythropolesis. Whipple's group were able to eatablish ihe
capacity of the dog to symthesize Laemogiobin on different dietary
intekes. The doge were bled until their haemoglobin concentrastion
was A40-50 per cent normal and thea maintained st that level by
daily bleeding, The "Standard Ansemic Dogs" (Whipple, 1560), were
then used for haemoglobin regeneration studies. azchsenasy (1959)
has eles examined the effects of protein deficienoy om erythropoiseis
and found that & reduction im bissus oxidatior within the bone
marrow may be imvolved in the maturation block in the snasmia of
protein~-dapleted rats.

Colemen gt al. (1953} have measured the xete of hasmo~
globin regeneration im man, and shown the importance of an adegunte
supply of iron., Rates of 2-3x normal were observed following
blood loss, and Croshy and ikeroyd (1952) showed that i heemolyiic
disease, hasmoglobin synthesis ngy increase to seven times the
normal vate,

4 search of ths literature however, has shown that
information is lacking concerning the capmcity of the sheep to
synthesize hsemoglobin, or the effects of protein imteke ¢n ruminant
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erythropoissis. Richards gt al, (1954) have shown that lemds subiected to
& heavy infection of the stomach worm (Hasmonchus contortus) developed

An anaemia which was equivalent to the loss of 200 ml bloed per day

in sninfected lambs. This sugussts ihat under certainm oconditione

sheep may be subjected to a sustained loss of blood, =Exvariments

ware uherefore designed to determine the ocapacity of the sheep %o
synthecize haemoglobin aftexr bdlood loss, and the influence of

diotary protein om ruminant erythropoiesis. The resulte from those
experiments ere reperted im thig thesis. GSee slmo Shutt and

Kelonald (1965).
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II. MATERIALS AND METHODS
1. Estimation of Hasmatocrit Valuss

Hodgetts (1959) confirmed the earlier findings of Kemmedy
and Millikan (1938) that the smount of plasms trapped by the red
oells of shoep blood is greater than that trapped by the red cells
of human blood .when both are centrifuged under similar conditions,
to determine the relative red cell volume in the blood by the
hasmatoorit method. Grogersen (1951) and Leeson and Hseve (1951)
estimated that the packed cell volume of human blood contained
354 trappsd plasms, vhen centrifuged in 2em x 10cm haematoorit
fubes at 3000 r.p.u. squivalent to 1500 g for 30 min when the radive
of gyration messurel to the base of the haematocrit tube was 15 om,

Hodgetts (1959) used the 13'I-labelled serum method of
Lesson and Reeve (1951) for estimeting % trapped plasma in the
packed cell volume of sheep hlood, and showed that unmder the standard
conditions used for human blood the trapped plasma in sheop packed
o¢lls zey be as high as 14%, This agreed with the findings of
Jennings et al. (1955) who mads a comparmtive study of the awocunt
of plasms trapped in the packed cell volume of the blood from
several spscies. To reduce the trapped plasms in sheep hasmatocrits,
Hodgstta recommends centrifuging the samples at speeds up to 5000
r.p.m, equivalent to 4G00 g for 6C min when the radius of gyration
to the base of the tubte is 17 om.

In this investigation ssmples of well-mixed heparinised
or oxalated sheep blood were centrifuged on an M.3,E. centrifuge
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at 3000 ».p.m. (20 om radius of gyretion) squivalent to 2000 g

for 40 min, in 3 ma x 100 mm hasmatoorit tubes. When samples

of blood from the same shesp were centriluged at 4000 z.p.m.
equivalent to 3600 g for 60 min, the packed oell volumes obtained
from both methods 4iffered by less than 2%, This suggested that

in the method uscd the trapped plasma would be sbout 6%, as detersined
by extrapolation from & graph (Hodgetts, 1999 p.102), and subsequent
hasmatoorits were sorrected ascordingly.

2. Antisocagulants

Zsparin (3 mg/10 ml blood) was used for small samples,
and oxalate (120 mg Wi, oxalate + 80 ng X oxalate/100 mg blood) was
used for large samples.

Gregersen (1951) reviewed the Evans BHlue (T-1824) method
of estimating plasma volume, and irdicated that extrapolation of
the disappearance ouxrve to the time of injection on a semilog plot
has been the standard praciice over the last fifteen years.

The recson for the esarly decline of the dye curve ie
still controversial and may be due 0 either mixing and/or a zspid
loss of the dye. Standaxdisation of the experimental procedure
oan lead to socurate reprodusible results however, =za shown by
Constable {1958) who has used a modified method for the estimation
of Evans Blue in the plasma of the guinea pig, rab, pig, rabbit and
human, Maofarlane et al. (1959) has slse found Evans Hue suitable
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for measuring relative changes in the plasma volume in sheep,
Msofarlane et al. (1959) snd Hix et al. (1959) have both used &
single sample tzken % and 10 ain respuctively after injlection of
the dye for their salculations of the plasms volume of sheep.

For the initial exploratory work on hsemogliobin synthesis
it was decided to uwee & single sample taken 10 min after injection
of the dye for estimating plasms volume but in subseguent work
extrapolation of the disappearance curve on & semilog plot to
the tims of injection was used,

Evans Hlus (7-1824) i2 & blue azo dye that has been shown
to be non-toxic at the level used in these experiments, i.c¢. cn the
average, 30 mg injected each week, as 5 ml of an 0,6% solution of
T=1824 in 0.9% ¥aCl. In agueous filtered solutioms T-1824 hes been
shown to be steble for several months, The dissppearasnce rate
in vivo is of the order of 5-8% per hour, and the dys i3 removed
from the bleod partly by diffusion and parsly by phagocytosis.

It has also been shown (Kennedy and Millikan, 1938; Palhols, 19%8)
that tha dye circulates bound to plasma protein.

The method used i{n this investigation was essentislly
the method of Chinaxd (1951). An inttia) sezple of blood was Gaken
from a jugular vein of the sheep for use as a blank, Ther 30 mg
of T-1824 in 0.9% Mali was injected quantitatively vis &« ecannuls
introduced into a Jugular vein. Samples of dlood were then takem
from the other jugular vein either 10 min after injection of the
dye or at 5 min intervals up to 30 min after injection. The
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sanples were spun down at 1500 g for 15 min and if necessary the
Plasma was respun for a furtbsr 15 min to increase clerification,

as Chinard (1951) has shown that turbidity from lipemia in the
plasma can lead %0 errer, and in extreme cases an acetome extraction
might be necessary.

Blanks wers prepaved from 3 ml plasms + 1 ml distilied
water, and o stendard, syuivalent to J ug T-1824/ml, was prepared
for each run from 3 =l plasme + 1 al dye (36 pg 7-1824/ml), Test
Plasms~dye ssmplos were diluted with 1 ml distilled water and the
optical densities of the blanks, stenderds ani test solutions were
obtalned from »esdingy taien on a Unicam spectrophotometer SP.600
using = red filter at a wavelength of 520 mu.

Plasme volume (PV) was caloulated from the formula
- -é-o where A is the emount of dye injected in mg and C, is the
conoentzation of dye in the plasma as measured by t:e concentration
of the dye in the 10 min sample or the merc extrapolated sample.

4. Caloulation of Hlood Volume

Initial work on hasmoglobiu synthesis using splenectomized
sheep wimplified ostimations on blood volume, for Turner and
Hodgetts (1959} have shown that the syleen of sheep may contain
move than 25% of the total red cell voluns.

Blood volume was caloulated from plasma volume eatimotions
and jugulor hasmatocrit corrected for the ratie of %@%t
(1@3 olls retio). The correction is required because the comcentretion

of red cells is higher in the large vessels than in the capillary
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beds. Hodgetts (1961) has shown the ratic to be .81 for
splenectomized sheep and for intact sheep 2 min after adrenalir

(30 ug per kg body weight) was injected %o contract spleen. Total

blood hesmatoorit was dstermired from the formulas poicl-— x 100

where BCV is the red csll volume determined by the > Cr-labelled

red coells method and PV is the plasma volume calculated from the
PV x 100
Bvans Blue method, Therefore blood volwse (W)= yor— Toa v

orit x 0,81

5» Messurement of Flasums Frotein Conoentrafion
Yuile ot al. (1959) found that there is & high exchange
rate between the plasma proteire and the proteins of the interstisial
fluid., Comeequently the rate of synthesis of plasme protein cannot
be dstermined by the techniques uced for estimating haemoglobin
synthesis,
The amount of protein removed as plasma protein in the
blood samples vas messured by the method of Phillipe et si. (1945).
Flasma protein concemtration [PP] in gu/100 ml was caloulated
from the formuls [PP] = 360 (PSG ~ 1.0070) where:
P3G = plasma specific gravity as determined from messuring
the specific gravity of the plesma in a graded series
of copper sulphiste solutions.
1.0070 = the specific gravity of protein~free plasme ultra-filtrate.
360 = & faotor derived from the determination of plasma protein
by the Kjeldahl method.
Total oirvoulating plasma protein (oFP) gen then be
caloulated from MW x [PP].
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6. Haemoglobin Esyimation

The direct photometric method of oxyhassoglobin eatimation
desoribed bty Hawk et al. (1954) was umed.

To 20 al of 0,2% m4ox in & 25 ul MoCartmey dottle was
8dded 0,1 ml oxalated or heparinised thoroughly mixed whole blood.
The solution was then shaken well to lyzs the cells and oxygenate
the hasmoglobin. m“c‘m provents turbidity whioh can precipitate the blood
proteins, whilst too much ammonia can convert hasmoglobin to
metbaemoglobin and must te svoidad (3sigeti 1940),

The optical density of the oxyhassoglobin was read on
the Unicam speotrophotometer SP.600 (blue filter) st a wavelength
of 540 mu w compared with the optical density of & standard blood
supplied by the M.l,%. Red Cross Blood Trersfusion 3ezvice, Sydmey,
The blood from the Red Cross was standardised by the Nationmal
Standsrds Laboratory, Sydney, and the hasmoglobin concentration wes
basod on the irom content of the blood., This would make the
hasmoglotin concentretion approximately 2-3% higher than if it had
been Lazed onr the CO capacity of the bleod. That is pertly decause
8+ 25 of the iron is im the plesms, and & small percentage of the
hasmoglobin is in & non-funetional form as oarboxyhsssoglobin
and methasmoglobin,

Conparison with a relisble standard reduces most of the
errors usually associated with inedsquate standards, and King et al,
(1948) and Nioholas (1952) have shown that the oxyhssmoglobin
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mothod is probably ome of the most wseful methods of measuring
relative changes in haemoglodinm comcentration.

Total oiroulating hasmoglobin (oEb) can then be
caloulated from BV x [Hb] ia the jugular blood x 0.81.

T. Effect of Adremalin on Haematoorit

Tusner and Hodgetts (1959) have demonsirated that an
intravenous injection of adrenalin will contract the spleen, whioh
may contein more than 25% of the ciroulating red cells, and tims
inovease the circulating red cell volume.

In these experiments sirenalin (1: 1000) as the
hydrochloride (Parke Davis & Co.) was used, diluted to 1: 10,000
with 0.9% KaCl before injecting. Advemalin (30 ug/kz body weight)
was injeoted into four Merino ewes on 2everal occasions, and in all
cases a peak for jugular hasmatoorit was reached cijer 2-3 minp
accompanied by a transient ¢achycardia and hyperpnoes. Increases
in Juguiar haematoorit rangsé from 15354, and there was &
proportionate increase in haemoglobin concentration. A small
increase in plasma protein concentration wus also obzerved; this

could be accounted for by a slight hasmolysis,

8. Estimstion of Red Cell Volume Using ° Chromium

X, 510:0‘ in isotonic saline with & half 1ife of 27.8
days was obtained frem the Radicchemistzy Centre, Auorshan, U.K,.
The chromivwm content wes 18.2 ug/ml =nd the specifie activity was

of the oxder of 75 uc/ug Cr. Dilute sclutions comtaining 20 ue
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510x/ul were made up in seline, This was found to be more suitable
than the acid-oitrate-detross-> Cr(ACD->1Cr) solutions used ac an
incubation mediws by Mollison ard Veall (1955} or Sterling (1960),
as inoubation of sheep red cells with ACD->lCr solution was
followed ccomsionslly by haemolysis,

It was alse found that a stock solution containing about
20 ue Slﬁr/nl in a iCD mediwm would have negligible available
activity after five days., This may be beocause the ACD solutiom
reduces the chromate ion froz the hexsavalent %o the trivelent
state, which reduces the svailable activity for "tagging“. Gray
and Sterling (19%0) have sugszested that the trivalent ion zay mot
ée sble to penmitrate into the exrythrocyte. Gray and Sterliing
propose that penetration inte the eryithrooyte is a preraquisite
for the labelling yrocess, znd that the chromiux is probobly bound
$¢ the globin portion of the hasmoglobin molecule by co-ordinats
covalent bonds.

In the teciinique used, which was esseniially the method
described by Sterling (1960), 20 ml samples of fresh hepariniszed
sheep blood were spun down ai 1500 g for 15 zin. The plasma was
removed and stored in the cold, a8 plagma proteins will also bind
the chromate fon (Sterling 1960). To & - 9 ml packed red cells
(Porec.) was added 60+80 uo XCr im 10 al 6.5% HaCl, and the rod
cell YCr suspension was then allowsd to inmoubate for 40-50 min
on a ratating wheel at room fempersture. The cells werc then
washed three times with saline, resuspended in the plasms, and
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nade up to a set voliume with saline, After inmcubdbation it was
found that S0-70% of the 51039 was taken up by the red cells,

Suspensions of 4-5 nl labelled cella with a specifie
activity of 2,1-7.5 uc/ml per.c. conteining sbout 0.2 ug Cr/al
P.T.0. wore injected intravenously, and 2} min after injection
of the * ir labelled wed celle, adrenslin (30 ug/ke dody weight)
was injected. The adrenalin contracte the Spleen and thus allows
the 22Cr to mix rapidly with the blood from the spleen in the
general circulation. 4 sample of blood was teksn for the
determination of jugular hacmatosrit and jugular haemoglobin
soncentration 24 min after injeotion of the mdrenclin. Subseguent
samples at 10 min intervals were taken from the Jugular vein
and the specifio sctivity of the blood was messured. The spsoifie
activity of the plasme was found ¢o contain about 27 of the total
activity in the whole blood. Haematoorits were determined on the
injected red oell suspensions, and subsequent samples, so that the
aotivity could be recorded in uc/ml pecked red cells.

Red cell volume (RCV) was caloulated from the isotope
dilutior formulas

To

HCY in al = taﬁiowtivity al p.r.c,

whare total redicactivity = yolume of reconstituted blood injected x
redioncbivity/ml, end radioactivity/ml p.r.c. =

Yolume o ano cmtod x haesatoorit
In this method the reproduoibility of the samples taken 10, 20, and

30 min after injection of >iCr showld be within 54
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An Ecko well-type scintillation counter was used to measure

the sotivity of the semples. -

Cheondum emits sbout 84 radistions,
and the imstrument counts about 55% of all eaissions., Maximum
sensitivity was cobtained by counting 5 ml samples of whole blood,
when sedimentation of the red cells wes not appreciable. 4ll
counts werz corrected for background, exd the atability of the
ingtrument from day o day was determined Ly counting s uranium
standard, 4 vial containing 5 =l distilled water was used as a
blank,and % ] esmples of {he bleod before injeotion, the injeoted
blecd, and the 'ﬂcwﬂsalima solution were counted almo.

Hocd volume (BV) can alse be calculated from the ?‘I'Cr
- —_— RCY¥ x 100
determination of red cell volume frop the formuless LY T 3 0.61

where H+ 1s the heematoerit 24 min after an injeotion of cdvemalin
(30 ug/kg body weight).

9. Caloulation of the Rate of Haemoglobin Synthesis after Blood Loss
Tuoksr (1959) using 2 Fe~labeiled red cells has estimated

the potential life spanm of shsep erythrocytes o e 130 days., 4s
the averags life span of the ved cells may be nearer 100 daye,

it is convenient to uze a 1% daily turnover »ate for comparison
purposes when calculating rates of haemoglodin synthesis,

Finch et al. (1950) have pointed out, that when bleeding
is maintained over several weeks there is a decrease in ihe age
of the red cell population, and the ¥ breskdown of red cells would
b expected %o decrease. For comparison purposes therefore, age
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changes in the red cell pepulation have been accounted for by
estimating breakdown to be equal to 1% of the final circulating
mass of haemoglobin at the and ¢f e five week bleedinz scheduley
this is consiatent with the date of Fiwuch et al, (1250).

The rate of haecmogiobin synthesis cam then be oalculated
as follows:
Let physiologicsl hsemoglobin synthesis = ij%/dey of the imitial
circulating mase of haemoglobin,

Then the vet haemoglobin synthesis/dey =

m haeamoglobin removed Ly bleeding - gm hasmoglobin deficit
No. of dsys

and the rate of haemoglobin tynﬁh«ia/iay = net haemoglobin/day +

the average breakéown/day.

10, To Ni Deterninations

The Kjeldahl method of MoKenzis and Vallaocs (1954) mas
used,

Fitrogen balances were derived by estimating the total
sitrogen intske in the diet and determining the totsl mitrogen ocutput
in the fecces aud urine. BEssentially Total Botet ” Total L
Total Eum wher ihe sheep is im nitrogsn belance. The nitrogen
utilized for wool growth smounte $o about 1 gm 1/day, but was
8invegarded in the csloulations of uitrogen Lalance, Ailiquots
equal to 1/10th of the daily urime output were bulked over
consecutive 3-4 day periods, then diluted se that 1 al samplee
takken for mioro digestion befovre distilling would contain U.5-1.5 mg N.
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Similar aliquote of faeces were also bulked cver =4 day poeriodas,
The urine samples were preserved by sdding 50 ml 4N HZSO“ to
the daily samples.

Sauples of chaflf and bulked samples of fasces, as shed,
were macerated,and then duplicated 1 gm samples of the faeces
and food were used in e macrs digestion, and made up t6 veluse
after digestion. Aliquots conmtaining 0.5 to 2.0 mg W were
distilled in a Markham steam distillation epparatus, and &
(m4)2se4 soluticn (1 ml equivalent %o 1 mg K) was used as &
standard,



This initial experiment wes carried out with splenectomized
sheep to avoid the variable affect of the apleen on hlood volume,
Two five~ysar-old Xerino wethers, 581 and 586, were splenectomimed
and placed in metabolism pens onm & low protein diet, and sllowed
to accustom themselves to the pens, and the diet, Sheep 581 was
allowed 800 gn, diet B9 (equal parts lucerne ohaff nsnd wheaten chaff)
per day, aud 566 was allowed 500 2a lucerns chalf per day (ws &9
was refused), and subsequently 200 gz lucerne cheff per day; no
residues wexe left., A sald mix comtaining 10 ga NaCl, )0 mg Fe
as hﬁﬁ4.7§2€i. 10 ag Cu us cuw4.5320 and 1 =g Co ae CoCl, 68,0 wus
given daily ¢ both sheep throughoud ithe experimentsl period,
Coleman ot al. {1953) have cuphasized the requirement for & dietary
supplement of irxonm, to facilitate haemoglobin synthesis aftax
blood loss, and the amoumt provided was equal to approximately
three times the daily loss fxan bleeding.

Both animals were dwenched with jhenothiasine prior to
the experiment Lo couwnteract Hasmonohue infestation, as Richard
ot al. (1954) have dencnstrated thet the worms are capable of
eonsuming up %0 200 ml blood/day. Blood films were alsc examinsd
for the blood perasite iperythroscon ovis whioh Littlejohne (1960)
has found any cause ansemia,
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ntrmnhlmumhwrmthmumnof
the food imtake and the nitrogen exereied in the urine and faeces,
and the $otal circulating mess of haemoglobinm and plasme protein
were determined befure bleeding smnd then at weekly intervals,
during and after bloeding.

I 5, ALOJLE L Ly

Shesp %51 was bled twice from the jugular veim: 450 md
in one bleading, and after Tscovery spproximately § weeks later,
960 m1 waz bled over a period of 4 days. On bokh occcasions there
was & nsrked decreese im nitrogen exoretion in the urine during tbe
first three weeks following bleeding (Pig. 1), and en inorease in
she rate of haemoglobin synthesis.

The rate of haemoglobin synthesis imoressed to 2;; times
the normal vats, Jiajor rezovery appeared to osour over & period
of approxipately three wesks. The plasas protein comcentration in
the blood returmed to normal before haemoglobinm, bui as it is
possible that the exchangs rate detween the plasma proteiss and the
interssitial rroteins ie high (Yulle et el., 1953), the rate of
plasma protein aynthesis could mot be determined by the methods
used in this investigation for estimatimg the rate of haemoglobin
synthesis,

2, Response to Daily Heeding
Sheep %86 was bled 50 ml bicod/day for eleven weeks.
Thie was eguivalent $0 & loss of 6 ga protein/day. ifter six weeks



| Pig. 1.~ Respomse of a splemectonined sheep to massive blesding:

450 al was bled in one bdleeding, and adout six weeks laier 960 ml

" was bled over a period of four days. Ths relationship betiween

the recovery of the circulating mass of hasmoglobin and a
retention of dietary nitrogen is shown.
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of Weeding the diet was inmoreased from 500 to 800 g lucerme chaif.
Deily bleeding provoked an increased retention of nitrogen, amd
an incressed rate of hasmoglobin systhesis. (Fig. 2).

The oirculating msss of plasme protein returned to normal
when the diet was increased from 500 gm o 800 g lweerns chaff.
The effeot of inoreased protein intake on hassoglobin synthesis
however, was not mcasurable. 3Body weights ressined constant
throughout the experimental period, and egg counts on the fseces
indicated that the aheep remained virtuslly free of intestinel
parasites (< 200 ogze/gm fasces), and blood smears showed no sign
of the blood parssite Eperythrozoon ovis,



Pig. 2.« Respomse of a splenectomised sheep to daily blesding.
The nirculating msss of huemogiobin was maintained at a lowsz
level during tleedisg by an imeresse im the rate wf haamoglobin
syathesis nnd a retention of dietary mitrogen. ™he caloulated
level of itrogen excretion is bused on the proportion of the
distary nitrogen which would have to be exoreted to maintain the

nitrogen balance at the pra-gxperimental level.
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] = ettt (Pogl1g T4%10) in the shesp. The sheep
were also used $o compars the Fvans blue - sdvenslin method of

estimating blood volume with the ﬁlﬁrﬂlshllﬁd red cells method
of dotermining blood voiume. Table 1 shows the P e rmtioc

cbtained for the four sheep, and Fig., 3 illustrates the rime in
Jusular hasmoglobin soncestration which ccourred alter an injection
of sfvenalin (30 up/kg 1.v.). Vsing the procedure desoribed
proviously a good sgreemcnt was found between the two mathods of
estimating bloed velume. This agrces with the experimental dste
of Hodgetts (1961), 4 comparison of the vulues obtained by the
two methods of determining tlcod volume is summarized in Table 2.
It vas deolded therefore to use the Yvans blus -~ adremalin
method for the determinatiom of blood volume im sudbeequent experi-
monte, as there are technical dieadvantages in the use of 51(3:,
viz, & long biclogleal half 1life, the time fmctor imvolved in
labelling, and the care that is necessary when using redio-sctive
aaterial,
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TABLE 3

Fop g BATIO IX POUR MERINO EWES

— e ertt | et ety | Teanta Mot
) {s) {v) o/n

874 3.0 2.5 o

. s 48.0 0,80

63l 28.5 M8 0,84

619 | 34.0 42.0 o

Hoam 0.61
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TABLE 2

VALUZS FOR RED CBLL VOLUME (RCV), FLASMA VOLUME (V)
AND BLOOD VOLUME (BV)

. ) § 2

Sheep Ko. @f:gt ﬁc"slcr Mivans blue | & (] (@
kg 51/kg ml/kg al/kg! al/kg

874 40.6 2.2 45.2 68.2 65.2
8N “d 23.7 38.2 62.5 K
881 31,2 22.3 56.6 78.0 80.1
619 35.0 25.5 50.0 75.6 74.5
Hean 37.8 23.4 47.5 7.2 70,2

Bote: Ets’i(l) Rt }N(a) were caleulated from the following formulae:

ﬁ?(n = Wﬁ‘vm blue™ s
100 - H¢ x 0.81

. EGVSI x 100
andﬁ"z) = ool

Ht x 0.81



It has been shown in the experiment with two splenece
tomised sheep that daily bleeding will provoke an ineresse ir the
rate of basmoglobin symthesis,

o determine the ocapacity of the nmowmal sheep to
synthesize Laemoglobin however, it was necessary %o devisse an

experimental procedure which would maintain & marked stimalus

for heemoglobin synthesis. I% appsared that this aculd be achieved
by producing a state of experimental ansemia in the sheep, Ly
bleediny thp zheep down %o & desired level of angemia, and then
mainteining the ansemis by dsily bleeding. The amount of
hasmoglobin removed by daily blesding would thenm indicate the rate
of hoamoglobin syuthesis, (Cf. The "Standsrd Anaemic Dog"
(#¥hipple, 1960),)

Three five-year-cld Merino ewes were choser to determine
the level of epsrimental amsewia which would provoke the maximuws
rete of hasnoglebin synthesis. The chsep were allowed to accuston
thenselves to single pens und were fed, nd libitum, diet R9
(equal parts lucerme chaff sné wheaten chaff), Total ciroulating
bassoglobin (OHb) wes tien determined before hleeding the sheep
down to the selected levels of 8, 6 and 4 gm HY100 al blood,
identified as wild, moderste and severe anasmia respectively.
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Four to seven days were taken to bleed the sheep down %o
the »ecuired levels, and the level of anssmia was then maintained
by daily bleeding for approximstely four weeks. Nleeding was
then discontimued and an estimate of the sireulating mass of
hagmoglobin obtained. Blood volume and haemoglobin concentretion
ware then determined at convenient intervals to follow the rate
of rescovery.

Throughout the exporimental period & daily salt mix wes
given to the steep containing 200 mg Fe as 3030‘ which was equivalent
to about six times the daily loss of iron frem bleeding., Total
circulating haemoglobin was slev gstimated at intervals throughout
the experimental pericd on & control group of three sheey, cnd if
was found that any variation in the ciroulating bosmoglobin in the
comtrol group could be accounted for by the error of the experi-
uental method which ie of the urder of 57,

In the experimental group of sheep, haemoglobin synthesis
lnoressed to & wsximum of 2.8 times the normal rate at both moderate
(6 g BbY) and severe (4 gs HbL) degrees of arcemia., A mild anaemia
(8 gm b)) does mot appear to etimulate maximum haemoglobin synthesis,
and pevere bleeding &ifects the sppetite of the mheep. Therefors
for practicel purposes a molerante ansemiz (6 ga ¥bh) appears to be
the moat sultmble for provoking a marked stimulus for hasmoglobin
syrthesis.

The resulte froum the experiment are outlined in Table 3.



TARLE 3

RARNOGLOBIN SYMPHESIS AT VAZXOUS LEVELS OF EXPERIMENTAL ANAEMIA

date of Hacmoglobin

: Foed irviake ‘
Sheep Dagree Cl‘{“]”‘ﬁ A4 , Aed i gz | Synthesis
¥o of Mcbﬁ diet 9% l blecd/| bled an/day/ | iate x Bo{ em By/
. Ansemic Hi/kg (11.95 Crude day on/day s 1 7&@ day/ks
& Protein)
&
¥4 ” o
21 (8 “ Bb,!?) 508 720 % é’fg’ g Omg g’v! @“oﬁ Gcl’
Enderate ; 5w 5 g & @
25 (6 o Hhﬁ) 7.6 600 15& 10.5 Ged2 2ol ?o} Ge23
18 Severc 7.6 620 250 14.6 9,36 2.8 .8 0.24
( 4 a gbb) [ E R AE - gul [ e i @ i e

* Diet RS is composed of 50 lucerne chaff and 505 wheaten chaff

g4
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D, Hsemcglobin Synthesis Provoked by Moderate

Lpsemia

The general procedurs cutlined in the previcus expariment
was repoated with three more sheep, feod ad libitum, diet K3,
exoept that ell three sheep were bled down to 6 gm Bbj anmd
aaintained at that level for four weeks by daily “leeding.

The response of this group to a moderate snsemia appeared
to be related to their sppetite and goneral “vigour”. The youngest
sheep inoreased its haemoglobin synthesis to 3.8 times the normsal
rate. The two older sheep however were less "vigorous” in their
response, their food intake was much less than the other sheep,
and their rate of hasmoglobin synthesie only increased to 2.3 - 2.3
times the ncrmal rete (Table 4).



TAELE 4

HAEMOGLOBIN SYRTH2SIS PUOVOKED BY MODZRATE ARAGMIA

Rate of Haemoglobin

Degres |  Imitial od Libitum | Blea | > vlea Synthesis
o of Sroulating | Tri o | ml Blood/ /o | en/any/ ‘
Ansemia W H/kg | (11.9% Crude day - xg Rate x| gm b gm i)’
Protein) normal i%ay dny/kg
.
604 | Moderste 7.0 1220 160 10,3 0.27 | 28 [Bosa |o.27
(6 mg M%) )
874 " 7.1 860 140 10,3 Ou2k 2,9 18,8 }o0,20
871 » 7.8 500 130 9.8 0.23 | 2.3 {77 loay

& Diet RY is ocomposed of 50% lucerne chalf amd 507 wheaten chaff

A
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E. Effect of lutake o Rate of Ha obin
“ypthesis

% oxamine the effect of protein intake on the rate of
hasaoglobin synthesis, six ewes were divided imto two groups of
three. Une group was fed = low protein diet and the other growp
was fod 2 high protein diet., The growp of sieep on the low protein
diet were allowed 15 ga 9/kg body weight/dsy which smounted to
500-600 gm 39/day (equivalent o 65-78 gm orude protein/day). The
hizh protein diet (RI) ccnsistad of 50% lucerne chalf and 0%
cracked corn (equivalent to 14.5 gn orude protein ©), and ke sheep
on the bigzh protein intake were allowed 1000 gzm AI/day. An iron
supplement of 200 mg Pe/day was aise supplied to sach cheep.

ifter & ten week equilibration perfod the sheep were bled
down %c & moderate level of anvemie {6 gm Hb!) as deserided before,
and masintained at thet level for four weeks by deily bleeding,

The changee which cccurred in the concentration and ¢ireulating
mags of haemoglobin can be seer in Pig. 4.

The response of the two groups of sheep was found to be
similar, and the results are compared in Table 5.

Hasmozlobin synthesis incrensed up Lo a maximum of 3
gimes the rormal rate, equivalent $o C,25 gm Hb synthesized/day/ ks
body weight. The values represent the sversge rate of hsemoglobin
synthesis throughout a {ive week exverimental period of bleeding,
and nay therefore be slightly less than the maximum rate of
haemcglebin cynthesis for the period, uz White et al. (1950) have



Fig. 4.~ Comparison of the changes which cccur im the circulating

. mass and concentratiom of haemegiobin dwring and after bleeding.

-ﬁimydtﬁnp@auluprmudmt are compared with a growp

of sheep om a high proteism diet. Advemalin {30 ux/kg body weight)

. was injected intravemously ic cobntract the spleenm, for the

detersimation of the maximum total cireulating haemoglobin.
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HIGH TEIN_DIE
LOW PROTEIN DIET HIGH PROTEIN DIET
COMMENCED DAILY DISCONTINUED
BLEEDING BLEEDING ‘ '
' ' 414-8 4136 Al4a:9
12t 12
¥ ADRENALIN INJECTED
No 206
0 SHEEP No 22 ol
8l 8l 400
6F 200 6 300
4 :\\4 — 100 4 200
1 1 1 1 1 1 1
|2 1 1 1 . I3.I
hi3-O 2
Qlo No 88 ok )
e No 460 z
4 -
2 sl 8l 400 g
: :
)
2 of 300 6P 300 Y
b T
£ o
= 200  4f 200 Z
=
<
=
=1
14 100 ! 1 1 1 1 1 | 100 &)
o
12 L No 619
10
8l
6 300
4 200
1 1 i i 1 i 1

O 10 20 30 40 50 60 70 80
TIME (DAYS)
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TABLE 5

COMPARISOR OF THE RATE OF HAEMOGLOBIN SYNTHESIS ON A LOW PROTEIN DIET, AND ON A RIGH PROTEIN DIET

Feed Intake Rate of Haemoglobin Synthesis
b
Degree c;ﬁgﬂw (R;:::ig;:d ) Eled b Bled |During Bleeding Period 1st 3-Week Recovery 2nd 3-Week
Sheep of Haemoglobin | (13% crude | ml blood | Bled 5";:? 5 Weeks Period Recovery Period
. Anaemia (- d : .
L mf:’ / B gi:;n%lgr /asy gm/dsy Rate x | gm Bb | gn/Hv/ Rate x| gm Hb/ | gm Eb/ | Rate x| Hb/ | gu Hb
(14.5% cr. Rormal | /day | day/ Normal | day d?yl Normal| day| /day/
Protein) kg : kg
Moderate ! :

Low [ 22 (6 gm HDBS) 6.2 500 gm R9 120 T.5 0.31 3.5 5.91 0.25 2.2 3.9 0.16 0.7 | 1.1: 0.05
Protein Eaﬁl N T.5 520 1k0 9.7 0.36 2.7 6.7 0.25 1.6 k.0 0.15 0.9 | 2.1 0.08
Diet { 7.0 600 150 10.3 G.33 3.0 T.Tt 0.25 2.1 5.4 0.17 1.0 | 2.T; ©.09
{High %206 8.0 870 @ R1 220 16.2 0.27 3.3 11.T§ 0.27 2.6 9.4 0.21 1.7 | 6.1} 0.1k
Protein [LO6 " T.2 1000 "¢ 190 13.3 0.29 3.0 10.01 0.22 2.0 6.7 0.15 1.6 | 5.k] 0.12

[ o
L)iet (459 " 7.5 o0 Y 0© 230 17.2 0.31 3.0 12.k{ 0.22 1.3 5.5 0,10 2.0 } 8.3} 0.15

® Diet RO is camposed of 50% lucerne chaff and 50f wvheaten cheff and diet Rl 1s composed of 50% lucerne chaff and 507 cracked corn.
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shows that the maximum stimulation for blood regeneration may not
ocour over the first 4~5 daye of ansemia.

1t vas also observed as bleeding contimmed (Miz. 5),
that there was s marked rveduction in the reserve hasmoglobin
releaned from the spleen after adrenalin injectiom. This indicated
that although the hzemoglobin concentration was being naintained
in the civculating bloocd, the totel mess of heswmoglobin was baing
reduced, The reduction in veserve haemoglobin however, in ihe
form of the red cells concentrated in the spleen, was largely
replaced during the recovery period.

Changes in plasma volume were also momsured throughout
the experimental period, and it was found that haemodilution during
blecding was followed by haemoconcentration during the recovery
period (Fig. 6).

The sheer maintained their body weight throughout the
experimertsl pariod, and remained virtuslly free from intestinal
parasites 25 determined by egg counts on the fasces. A& slight
loss of appetite did cccur in two eheep, but this &id not appéar

$¢ influence the rate of has:oglobin syuthesis,



Pig. 5.~ Hasmoglobin relesssd from the spleer in respomse to
sdresalin injection (30 ugfig i.v.) during and after daily
bleeding., The shoop were bled 120-230 ml blood/day for 36 days.



HAEMOGLOBIN RELEASED FROM THE SPLEEN (gm)
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K. 6.~ Changes iz plasma volume which ocourred
’ during and after the sheep wers bled
120-230 nl blood/day for 36 days.
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IV, DISCUSSION
A« Respo. of S GEis ip to

Reeds | I

The ability of ths splemmctomined sheep %o respend to
nassive bleeding and prolongud daily hleeding was demonstrated by
an inoreased yate of hasmoglobin symthesis and a retentiom of
attrogen. It was interesting to note however, that after measive
bxnodiaé the sheep was unable %¢ rvestore the circulating mass of
hacmoglodina o its inmitial level at the end of 3 six week recovery
period.

Paton et al. (1902) have shown that the dog ani the
rabbit after hesmorrhage oy hasmolysis ave able to regenerate
erythrocytes ns rapidly without the spleen a# wish the apleen.
¥hipple et &l (1520) slso found that splenectcay did mod retaxd
the rate of hasmcglobin aynthesis after bleeding in the dog, and
aleo showed that the curve of haemozlobin regenerstion can be
influenced by the dietary iataks, More recently Jecchson et al,
{1957} hsve shown that »ats subjected ¢ splenvotomy retein their
capacity o respond to bleesding with an imcresss in pissma
exythropsietin, the srythropoietic stimulating factor.

The rate of hasmoglobin synthesis was 204 apprecisbly
affected by increasing the protein intake of the sheep, thati wse
bled dnily. Alshough this suggests that protein was not rate
limtting in that shesp, & more likely sxplanation may be derived
from the chesrvation that duriag the latter paricd of bleeding the
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sheep became infected with corynoiwcteris, which formed abscesses
in the lymph node rogions of the seck. It is well known that
the splonectomised emimal ic more susceptible to infection,
probably becuuse the spleen is implicuted in the production of
antibody giobulin (Craddock, 1962). Robscheit-itobbins (1947)
and dhipple {(1956) have alec found that infeotion has a marked
inhibitory effect on red cell formation in the dog, which is
associated with a lewcocytosis,

The mechazism underlying the decreave in wrimary nitrogen
excretion ip response to bleedins hms mot been deseribed in the
sheep, However, Scimidt-lielson, Csuki, Kurdsugh esd O'Dell (1958),
during atudies on the regulation of urea exoretion in sheepn, found
that & normally fed sheep, from which "a considerable mumber of
blood samplee had been tuken", ashowed & tendenoy towards the
charscteristic urea conservation cbserved in sheep on a low-protein
diet. iLoss of blood protein soy stimulate the secretion of growth
bormope which could bring about a retemtion of nitrogen. De Bodo
and Altsauler (1957} have reported & retention of sitrogen
following bhe aduizistration of purified growth bomone to Gogs,
rals aud mice, and recently Jheatley, “a.lace and Rassett
(unpublisbed data, 1963, have demuneitrsted s retention of nitrogen
im the sheep after suboutanecus injections of growth hormone.
londervation of nitrogen in the snsenic dog hes also been reported

by Robschedt-iebblus (1947).



Robucheit-Robbins and Whipple (1941) have found that the
rate of haemoglobin syntbesis in the dog, stimolated by =n oxperie
mental anaemia is related to the severity of ths ammemias. 4 mild
ansemis will not provoke maximal hasmoglobin syntheais ard a
severe ansenis will impair appetite and rormel sotivity. It
kas alec been shown (White et al., 1960} in sheep made anaemic
with phenylhydrasine, that the ievel af sryihropoietin im the blood
ie woportional to the degrse of ansemia.

The data cutlined im Teble 3} from the experiment with
the three sheep which were subjected o diffsrent levels of
experimental anaenia, indicates that a wild ansemia {8 gm Hb L)

did net provide a maximum etimulus for haemoglobir synthesis in
the sheep. A moderate amusmis (6 gm ¥bi) however, and a severe
degrae of anmenis (4 i sh,s:} did provide a marked increase im the
rate of baenoglobin syunthesis. The severe level of smpemia
could only be asintained by bleeding 250 ml blond/day from the
sheep. This would impose coneiderable strese on the sheep and
probebly impair the appetite of the ahesp,

The results from the second group of sheep (Table 4) fed
«d libitum and szbjected to a wmoderate anaemia indicate that
appetite, wge and general "vigour" may inf{luvence the rate of
haamoglobin synthesis. The youngest sheep of the group, o, 604,
had the best appetite and iporessed ite rate of haemcglobin synthesis
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%c 3.8 X the pormal rate. This was about 30% more than the

synthesis echieved by ¢ither of the other two sheep.
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Be K nos of Frotein Intske on 10

The expsriment oomparing the rate of haemoglobin symthesis
on a low protein diet, ani on & high protein diect suggests that
the rate of baemoglobin synthesis is not influenced by the protein
intake on ‘ordipary’ rations. Uahn snd Whipple (1939) have found
that the dog requires 7-8 gu of guod quality protein to cynthoeise
i am of hmemocglobim, and as the sheep on the low protein diet
wore fed 65-8G gu protein/day and synthemised (-8 ga Hu/day, the
orotein intake may have been adequate for the reguiremcnts of the
sheep for haemoglobin syntheeis, at leasi for & limited experi-
sentel period of annswla.

‘hipple snd Robscheit-iubbins (1925) have shown that if
a dog is placed on & ¢eficient protein diet, ithe dog haws venally
sufficient ceserve protein to regenerete large amounis of haemo-
globin for 2-3 weeks, after which the rate cf haemoglobin synthesis
is reduced., The dog can then b2 used for sssaying dietary suprle-
ments, and an increase in the rate of haemoglobin synthesis will
then reflect the cuality and quantity of globin-tmilding protein
in the supplemens., The synthesis of the piguent radicle is not
usually & limiting factor, and if sn sdecuate supplement of irom is
provided then the zate of hasmoglobin synthesis is mainly dopendent
o the protein intake ami the protein reserves of the animal (Hshn
and Whipple, 1939).

It appears that the sheep un the low protein diet were

not depleted o an extent where & reduction in the rate of haemo-
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globin synthesis would occur. If the sheep were placed on »
deficient protein diet however, the amcunt of blood protein ome
would have %o bleed before the rate or haemoglobin synthesis was
reduced, would probably raflect the protein resexrves for husmo-
globin synthesis; this reserve would presusably be related to
he previcus history of the shwep (diet, exercise, infection, etc.).
Haemoglobin concentration in sll sheep m maintained
partly ut the expense of the hasmoglodin ccntained im the apleen,
during the experimental bleeding period, and 1% wes signifiocsnt
that the total circulating mass of haemoglobir had pot returmed
to the pre-snperimendal level six weeks after ihe bleeding was

diseontinued in the group of sheep on & low protein diet.
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De General Conclusions

The maxisum vate of hsemozlobin gyathesis sci:ieved by the
sheep in these experiments was 3.8 & the normal rate, Thie wae
in response %o an acute mcdsrete experimentsil anssmia, and is
comparable to the findings of Uolesan et al. (1953, and Chapman
and Slock (195%) in man, aud of Zouscheit-iobbins and Yhipple
{i%41) in the dog, who observed inoreases in the rate of hasmo-
globdn synthesis up to 3 x the normal rate in respouse $o repcated
bleeding. In & chronic haemolytic sneemis, Cromby et al. (1992)
have shown that the hyperplestic bupe awarvow of man is cepable of
producing 7 x the normal sutput of hasmoglobin, so that the potential
maximum capscity of the bome marrcw oi ihe sheep was probably not
achieved from an acute moderaie sxparimental anaemis. iAcbecheit~
Robbins and ¥hipple (1341 and Hobschelit-Zobbins (1947) have aisc
zeported that values as high as 8x the noreal rate of heemoglobin
synthesin can bo achbileved by extendimg the psriod of ansemis, which
produces a hyperplastic coxndition of the borne merrow, and by
providing e large protein inteke and ineressing the availabie izon
by intravenous injections.

Changes in the rate of Laemeglobin synthesie, end the level
of tke %total circulating haecmoglobin, can be thought of as responses
to ohanzes in the dynamic equilibrium of the erythren., (The
erythron ies defined as the budy organ consisting of the red blood
oells ard the precursors in the bome marrow.,) Jacobson et 31, (1557
proposs that the dynamic eguilibriua of the erythrom is controlled
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by the amount of ciroulating erythrepcietin, which iz produced Ly
the kidney in response to the oxygen supply - demand relationships
of the boily. The dymemic equilibrium of the erythron adjusis
itself antomatiocally to changes in the metabolic pattern of the
animal, and is obiefly iznfluenced by the endocrine glands. The
exythron will also rearond to physiologicsl stiesses that affect
the oxygen supply - demand relationships, or faotors that interfere
with the production or utilisatiorn ¢f erythropcietin. IStarvation,
hypovhysectony and %mmfusion-rednce arythropolesis as the oxygen
suprly is in excess of the demand, whilst trilodothyronine, high
sltituds, heemorrhage etc. increase erythropoiesis sae the demand
for oxyger in these cases is greater than the supply.

There is zuple ovidence in the literature that iron
{Coleman et al., 1953: TFinch et =1., 1950) or protein (Hahn ard
¥hipple, 1939: Hobacheit-Robbine, 1947) can limit the response to
s demand for arn increase in hasmoglebip production. In these
axperinents with ihe sheep however, as neither irem or protein
were apparently limiting, the rate of haemoglobin synthesis must
have reflected the capscity of the bone marrow to produce red
oells in response 0 an increase in production of erythropoietin,
Individual waristions in bone muarrev gupscity yrobably modified the
response, and the rate of haemoglobin synthesis in individual shsep
was probably siso infiuenced by the age, health snd appetite of the
sheep.
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The level of protein intake on 'oriinery' rationa does
ot appear therefore to influcnce the rate of hasmoglobin synthesis
in'an acute exporimentsl suscals, bat it is probavly e fastor in
determining the level of the circulating mass of hasmoglobin after
redovery from bleeding, by the influemoe of food imtake on the
potentiul metabolic level of the animsl, This smphssises the
importance of hacmoglobin which $s rreferentially synthesized
(4nipple at al., 1947), in comparison to the more labile proteins
of the intestinal mucosa which have Loen investigated by Platt
{(quoted from Morton 1962), or the labile ensywe systems of the
liver (¥illiams, 1961), both of which have been shown to be

depleted following a reduction in dietary protein.
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