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ADSTRACT
[faemopexin is a haem~binding glycoprotein found in plasma. Its
main known function is the elimination of haem liberated into the plasma
as a result of intravascular haemolysis. Earlier investigations have
suggested that the metabolic fates of haemopexin and the haem~haemopexin
complex are different, but there are no recorded quantitative measurements

'251-haemopexin

of haemopexin turnover. For this reason, the metabolism of
has been studied in normal, haem-loaded and phenylhydrazine-treated rabbits,
Haemoglobin structure and the metabolic¢ pathways for the elimination
of this molecule and its intermediate metabolites from the plasma are
reviewed and there follows a detailed account of the chemistry and
function of haemopexin and its distribution in normal and disease states.
Present experiments showed that, in normal rabbits, labelled
haemopexin waos eliminated from the plasma with a half~clearance time
of 20-30 hours. Vhen haemopexin was haem-saturated in vivo, 907 of the
labelled haemopexin was eliminated from the plasma with a half-clearance
time of 1.5-2,0 hours. Rates of fractional and absolute catebolism,
intravascular/extravascular hoemopexin distribution and haemopexin-haem
binding capacity were determined in each experimental group of rabbits,
In haem-loaded and phenylhydrazine~treated rabbits, the rapid
turnover of haemopexin is best explained by the prompt elimination
of the haem-haemopexin complex ffom the plasma, followed by rapid
catabolism of the complex. Since haemopexin is catabolised as a consequence
of its haem clearance function, it may be regarded as a 'suicidal®
protein and placed in the same group as haptoglobin. It is likely that
the haemopexin synthesis r§te is capable of a marked increase in response

to rising levels of plasma haem,
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HISTORICAL

In 1968, Neale, Aber and Northem added haemoglobin or haematin
to human serum and showed that these substances were bound by certain
plasma proteins, These complexes were separated by paper electrophoresis,
the positions of the haem containing proteins being determined by benzidine
staining. Serum containing 1.2 mg haeﬁoglobin/hl showed staining in the
o 5‘ and albumin rcgions, At a conc?ntration of 2 ug haematin/ml serum,
the p' and albumin fractions contained haem,

De Vaux St-Cyr, Courcon and Grabar, in 1958, showed that this
haemoglobin~ or haem=binding B, globulin was present in the perchloric
acid soluble fraction of human plasma; and Biserte et aly, (1960),
considered that the protein bound haemoglobin, myoglobin and cytochrome C,.
However, Nyman (1960), demonstrated that the protein bound hoem and
that globin was not included in the complex. Haem~binding globulin
was characterised as the p|B globulin of human serum by immuncelectrophoresis
(Grabar, de Vaux St=~Cyr and Cleve, 1960) and these workers called the
protein haemopexin because of its haem binding property.

Haemopexin was purified from the perchloric acid soluble fraction
of human serum by Schultze, lleide and Haupt (1960) and the physicochemical

~characteristics of the molecule were described by Neimburger et al (1964).



INTRODUCTION

In humans, normal daily red cell destruction in the reticulo-
endothelinl system involves the catabolism of 4«6 g hacmoglobin
(Freeman, 1964). In haemolytic states, the rate of red cell destruction
is increased and haemoglobin may be liberated into the plasma, Ilaemoglobin
and its intermediate metabolites are rapidly removed from the plasma,
the plasma proteins, haptoglobin, haemopexin and albumin being involved
in this process,

An account is given of haemoglobin structure and metabolism, the
function of haptoglobin in the removal of haemoglobin from the plasma
and the role of haemopexin in the elimination of plasma haeme. The
structure of the haemopexin molecule and its ability to bind haem from

plasma and methaemalbumin are described in detail,

e HAFRIOGLOBIN STRUCTURE AND METABOLISM
Normal adult haemoglobin is.a globular protein of NW64,000; it can

be seen from Figure 1 that the molecule is composed of identical halves,
each half omsisting of 1 & and 1 B polypeptide globin chain, with a haem
group contained in a fold of each chain, The haem molecule contains
1 atom of ferrous iron which is hexacovalent, binding with 4 nitrogen
atoms of a tetrapyrrole ring, 1 nitrogen atom of an imidazole group
of a histidine residue in the globin chain, the sixth valence being
free to form a reversible attachment with oxygens The structure of the
haen molecule binding to oxygen and globin is shown in Figure 2.
The biosynthesis of haem

In the developing red blood cell, & amino-laevulinic acid
is formed from condensation of succinyl CoA and glycine by the
mitochondrial bound enzyme aminolaevulinic acid synthetase, Two
molecules of § aminolaevulinic acid are converted to porphobilinogen

as shown in Figure 3.



HAEM

HAEM

. Figure 1. The haemoglobin molecule.
This diagram of the haemoglobin melecule shows the 20¢and 28

globin chains with associated haem groups. The arrow indicates

how cleavage into 2 (&8) subunits occurs (adapted from Wintrobe

Sth Ed.'l9.61).
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PORPHOBILINOGEN

UROPORPHYRINOGEN il

COPROPORPHYRINOGEN il

v

PROTOPORPHYRINOGEN 9

\‘@.

PROTOPORPHYRIN 9

© Figure 4. Conversion of porphobilinogen teo protoporphyrin 9.

The conversion of coproporphyrinogen 111 to protoporphyrinogen 9
is effected by a mitochondrial bound enzyme (Harris and Kellermeyer

1976).
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4 molecules of porphobilinogen, catalysed by porphobilinogenase,
form a tetrapyrrole ring compound, uroporphyrino:;cn, which is ultimately
converted to protoporphyrin G, These stages in the formation of haem
are shown in Figurc 4.

At physiological pH, in the presence of rcduced glutathione,
cysteine and globin, mitochondrial haem synthetase converts protoporphyrin 9
to hacit by Lhe insertion of iron into the molecule.

Formation of hoemozlobin

iinemoplobin synthesis occurs in the immature red blood cell,
Haemoglobin is formed by o globin chains combining with f globin chains
on the ribosomcs to form ¢ subunits, which arc then freed into the
cytoplasm and combine with haems Two 03 subunits unite to form the
0232 hoemoglobin molecule. This process is reversible; it has been
demonstrated that, in solution, the haemoglobin moleccule splits into
dimers and monomers.,

B, = 2(¢B) = 2¢ + 28 (Guidottl, 1967)

Maintenance of ferrous haemoglobin in the red cell

It is essential that the iron in haemoglobin is maintained in the
ferrous state since oxidation to ferric methaemoglobin prevenis binding
of oxygen. In the red cell, the ferric iron in methaemoglobin is reduced
to the ferrous form by the mechanisms shown in Figure 5. The enzyme
methaemoglobin reductase catalyses the reduection of ferric iron by NADH
(reduced nicotinamide adenine dinucleotide) and NADPH (reduced nicotinamide
adenine dinucleotide phosphate) while reduced glutathione and ascorbate

reduce ferric iron directlye.

Destruction of noneviable red cells is predominantly an extravascular
process occurring in the reticuloendothelial system of spleen, liver and
bone marrow (Keene and Jandl, 1965). If free haemoglobin is liberated

into the plasma dur;hg this process, the iron of the haemoglobin molecule
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is rapidly oxidised, forming methaemoglobin. The binding capacity of
the B chaims of haemoglobin for rcrrlc‘haem is lower than that for
ferrous hoem, 80 that haem diésociates from methaemoglobiﬂ into the
plasma (Bunn and Jandl, 1968).

liaemoglobin catebolism

Following the sequestration and breakdown of red cells in the
reticuloendothelial system, haemoglobin is cataboliseds Globin
i3 degraded and recycled in the amino acid pool, 65«80% of the haem
groups are converted to bilirubin (Gstrow, Jandl and Schmid, 1962),
biliverdin belng an intermediate in this process.

Cenversion of haem to biliverdin occurs in microsemes of the
reticuloendothelial system in liver. spleen and bone marrow and in
hepatic parenchymal ce!ls'and renal tubular epithelium (Tenhunen, Harver
and Schmid, 1970; Tenhunen, 1972). Microsomal haem oxygzenase oxidises
the L methene grouplof haem to carbon monoxide, iron is released and
biliverdin is formed., This process requires NADH (reduced nicotinamide
adenine dinucleotide) end molecular oxygen and uses cytochrome P450
as the terminal oxidase, Biliverdin is reduced to bilirubin by biliverdin
reductuse,

Ve?y'ltttle iron relensed from haem is lost in the urine; the
pathweys for haecmoglobin breakdown being highly efficieﬁt in iron

conscrvation and the iron is reutilised in new hacmoglobin synthesis,

2o THE FATE OF FREE HATNOGLOBIN iN TEE PLASMA

" The mechanisms for the removal of free haemoglobin from the

- plasma are shown in Figure 6 and it can be seen that haptoglobin,

heemopexin and albumin form irportent metabolic pathways for the elimination
of hagmogiobin and heem from the plasmas, The exlent to which these

mechanisms are involved is depéndent on the rate of liberation of free

haemoglobin into the plasmae.
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a) Normal stnte

Normal human plasma contains approximately 0.3 mg haemoglobin/100 nl
(Bunn, 1972). Amounts of this order are bound and cleared as the
haptoglobin=haemoglobin complex.
laptoglobin
| lHaptoglobin is an Oqy globulin found in plasma which has a haenoglobin
binding capacity of 50-150 mg/100 ml plasma (Bunn, 1972), Approximately
one-third of the totanl haemoglobin catabolised per day is eliminated
as the haptoglobin-haemoglobin complex (Freeman, 1964).
Haptoglobin is a glycoprotein consisting of 2 pairs of & and
B polypeptide chains; it forms stable complexes with haemoglobin and
with globin (Pintera, 1971), The globin fraction of haemoglobin is bound
by globin binding sites on the  chains of haptoglobin (Shim, Lee and
Kang, 1965). Illaptoglobin probably binds haemoglobin on an equimolar
basis (Freeman, 1964); however, an intermediate complex consisting
of haptoglobin and haem=globin dimer (0B8) has been demonstrated when
‘haptoglobin is in excess (Shim, Lee and Kang, 1965). Free ® globin
chains readily combine with haptoglobin and their presence is required
for the binding of P globin chains by haptoglobin, It is likely that
the complex is formed by separate binding of 0. units through the
o chain (Nagel and Gibson, 1971). flyoglobin, a monomeric protein
resembling the B chain of haemoglobin, is not bound by haptoglobin,
Haptoglobin is synthesised in the liver (Alper gt al,, 1965).
It was believed that the haptoglobin-haemoglobin complex was catabolised
by the reticuloendothelial system in the liver (Peters and Alper, 1966;
Pintera, 1971) but recent experiments have demonstrated uptake of the
haptoglobin=haemoglobin complex by hepatic parenchymal cells (Hershko,
Cook and F{nch, 1972). The haptoglobin-haemoglobin complex is not excreted
in the urine and binding of hoemoglobin by haptoglobin is an efficient

method of conserving haemoglobin iron in the body (Giblett, 1963).
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The half-life of haptoglobin in man is 3=4 days (Freeman, 1964;
Giblett, 1963)s On injection of 3 mg haptoglobin as the haptoglobin-
haemoglobln cgmplex into a normal man, Freeman (1964) found that the
complex was cleared from the plagma with a half-clearance time of 9 minutes.
Laureil and Nyman (1957) found that following the injection of haptoglobin=
saturating amounts of haemoglobin into normal subjects, the haptoglobin-
haemoglobin complex was eliminated from the plasma with a half—life
of 5-6 hours, Haptoglobin synthesis does not repidly compensate for
the loss of the haptoglobin-haemoglobin complex when intravascular
haemolysis 1s increased above normal levels and plasma haptoglobin
concentration becomes depleted (Giblett, 1968).

Agsuming equimolar binding, the amount of haptoglobin catabolised
per day is approximately one-third the amount of haemoglobin degraded
during normal red cell destruction (Freeman, 1964). However, the actual
ratio of haptoglobin: haemoglobin removed in vivo may be greater than
that based on equimolor binding if the haptoglobin~haemglobin dimer (8)

complex is involved (Giblett, 1968).

If haemoglobin liberated into the plasma is in excess of haptoglobin
binding capacity, other pathways become invoIQed in haemoglobin removal.
Haemoglobin splits into haem~globin dimers, MW32000, which may
be excreted into the urine (Bunn, Eshman and Bull, 1969) or be reabsorbed
by the renal tubules with conversion of iron to haemosiderin in the
tubular epithelium, Remaining haemoglobin is‘oxidised to methnemoglbbln
and dissociated haem is eliminated from the plasma by pathways involving

haemopexin and albumin.
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b) Acute haemolytic episodes

In some cases, for example in paroxysmal nocturnal haemoglobinuria,
paroxysmal cold haemoglobinuria and haemolytic transfusion reactions,
a sudden episode of increased red cell destruction may release large
quantities of haemoglobin into the plasma, Under these circumstances,
haptoglobin is rapidly depleted and other pathways are involved in the
elimination of free plasma haemoglobin. Depending on the rate and
magnitude of haemoglobin release, varying amounts of haem-globin dimer
will be excreted in the urine, since the absorptive capacity of the
renal tubules for haem-globin dimer is likely to be exceeded.

Goldfischer et al. (1970) denonstrated pinocytosis of free
haemoglobin by hepatic parenchymal cells in rats.receiving large doses
of haemoglobin (40-400 mg/kg) but this process has yet to be satisfactorily
demonstrated in maon,

Circulating plasma haemoglobin is osidised to methaemoglobin,
from which the haem moiety dissociated. Free plasma haem is rapidly
bound by haemopexin and albumin, which together constitute the pathways
for elimination of haem to the hepatic parenchymal cells (M#lller-Eberhard,
Bosman and Liem, 1970).

‘Both during aond immediately after an acute haemolytic episode,
plasma levels of haptoglobin and haemopexin may be reduced to zero, the
extent of this reduction depending on the amount of free plasma
haemoglobin. Once haemoglobin and intermediate metabolites have been
eliminated from the plasma, the concentration of haemopexin returns
to normal within 24-48 hours (M{lller-Eberhard et al., 1969; Sears, 1969)
whilst there may be a delay of up. to 12 days before normal plasma

levels of haptoglobin are restored (Sears, 19638).
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g! Chropig hawyug stotes

In these conditions there is an increcsed rate of red cell
destruction extending over a long period and plasma levels of hoptoglobin
end haemopexin will be reduced according to the severity of the haemolysise.
The rate of haemoglobin releage may not be sufficient to produce
haemoglobinuria, but renel excretion of haem~globin dimer occurs,
followed by absorption of this molecule by the renal tubules, where
‘haemosiderin is formed. Haemosiderinuria results from descquamation

of the renal tubular epithelium,

3s HAEMOPEXIN

tlaemopexin is involved in the elimination of haem from the plasma
in both acute and chronic haemolytic states,

The protein was pu_rlfled by Schultze, Heide and Haupt in 1960
from the perchloric acid soluble fraction of human plasma and was
isolated as the 518 globulin of human plasma by immuncelectrophoresis
by Grabar, de Vaux St-Cyr and Cleve, 1960,
Physicochemical properties of haemonexin

Haemopexin is a sialoprotein and the molecule contains approximately
20% carbohydrate, The amino acid and carbohydrate constituents of haemopexin
are listed in Table 1,

Human and rabbit haemopexins have been estimated to have a molecular
wight of 70,000 and 63,000 respectively (M#ller-Eberhard et al., 1969;
Mdller-therhard, 1970) and later values obtained by sedimentation
equilibrium gave a value of 57,000 ¥ %4000 for both human and rabbit
haemopexlna (Seery, Hothaway and Mftllere-Eberhard, 1972).

At present, only one N terminal enino scid has been found
(1811er~Eberherd, 1970) and reduction alkylation experiments suggest
that the molecule does not contain a subunit structure {(lickel end

H#ller-Eberhard, 1971).



TABLE 1 AMINO ACID AND CARBOMYDRATE COMPONENTS

OF [MAN IAFLIOPEXIN

% moles/mole protein
lysine 416 26
histidine 3625 19
ammonia 124 62
arginine 4 e42 23
asparagine 6449 45
threonine 3446 27
serine 3459 33
" glutamine 774 48
proline 4462 38
glycine 3.18 45
alanine 2480 2
% cysteine 1444 1"
valine 345 28
methionine 1.4 7
isoleucine 159 1"
leucine 5494 42
tyrosine 3574 18
phenylalanine 3496 21
tryptophane 430 18
Total 70451 554
hexose 9.00 40
acetylhexosamine 7440 27
sialic acid 5.00 13
fucose 0.40 2
TOTAL 92,31 636

Data from lleimburger et al. (1964)
using a MV of 80,000 for haemopexin
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Purification

llacmopexin is now purified by the perchloric acid method of Schultze,
Heide and tlaupt, followed by DEAE chromatography and preparative zone
electrophoresis, Purified haemopexin consists of two fractions, haemopexin
monomer and a pélymerised form which can be converted to haemopexin
monomer by treatment with 5-7 M urea (Miller~Eberhard and English, 1967),
llnem binding

On addition of haem to haemopexin, there is a shift in ebsorption
naximum from 395 nm to 412 nm due to the formation of the haem~haemopexin
couplex, Haem binding is equimolar (Hieide et ale, 1964). Evidence for
change in molecular conformation efter hasm binding is obtained from
measurements of circular dichroism and optical rotatory dispersion
(M81ler~Eberhard and Grizzuti, 1971) and there is reduced antigenicity
of haemopexin when complexed with haem (M3ller-Eberhard, 1970)« Apart
from binding haem, haemopexin also binds coproporphyrins and uroporphyrins
(Koskeloy Toivonen and Rintola, 1969) but bilirubin is not bound,
Chelation of haem from haem containing molecules

In yitro experiments have shown that rabbit and hugan haemopexins
can chelate the haem prosthetic group from cytochrome 9450. with consequent
reduction of biological activity of the cytochrome (M3ller~Eberhard et al.,
1969)¢ Transfer of haem from tissue bound proteins may occur in vive
and it is thought that certain types of cytochrome may serve as tissue
receptor sites for circulating plasma haems MNore importantly, affinity
of haemopexin for haem has been shown }_t_x_ vitro and in vivo to be greater
than that of albumin for haem (H#iller-Eberhard and Liem, 1968} Hilller-Eberhard
et ale, 1969)s The role of albumin as a clearance pathway in haemoglobin
metabolism is therefore of significance, since it appecars to act as a large
reservoir for haem when plasma haem concentration exceeds the binding

capacity of endogenous haemopexin, The exact fate of haem bound to albumin

is not completely understood, but it is likely that elimination of haem

from methaemalbumin to hepatic parenchymal cells occurs by a transfer
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process involving hoemopexin until the hoen binding copecity of "haemopexin
approaches saturation (Hiller~Iberhard et nle., 1969; Hiller-tberhard,
Nosman nnd Liem, 1970), It is not knowm whether haen cen be eliminated
directly from methaenalbuming experimental evidence sugrests that this
is unlikely, Rnpid in viyo transfer of hoen from methoemalumin
to hoemopexin in the rabbit was demonstrated by 'lliller-Eberhard gt al,,
(1969)e These workers also showed that albumin and methaemalbumin were
cleare:d from‘iﬁe plasma at the some rate, with a half-clearance time
of 4¢5=5¢5 days, They concluded that most, if not all, circulating haen
was removed fron the plasta ns the haen<hoemopexin complex.
Distribution

l'semopexin has been isolated from the plasma of the human, rabbit,
rat, guinea pig and mouse, but only hunan, rabbit and mouse haemopexins
have been partially chapracterised (H31ller-Eberhard ond Enzlish, 1667;
Hirkal and l@1ler-Fberhard, 1971; Witz and Cross, 1965), Genetic polymorphism

has becn described in the rabbit (Grunder, 1966).

3 ' in in health and dis
2). Nornol levels
Normal human serum haemopexin levels ore shown in Teble 26
Haemopexin hos been found in the serum of a 10); week old human
foctus (Gitlin ond Biasucci, 19569)s Foetal origin is likely as it has
been showm in the rabbit that the amount of huemopexin passing from the
maternal circulation to the foetal clirculation is very small (Ross, Lien

end B3ller-fberhard, 1571).



TABLE 2 NORIAL SERUM

VAIMOPEXIN  LEVELS IN TIHE LUNAN

Haenopexin Nean haemopexin
Age concentration concentration
range (mgl) (mg7)
foctus 135 wecks - 3
neonates
premature infants 645-25 18
cord serunm
1=9 months 10-70 -
1«12 yegrs 40-70 60
20=40 years 66-100 77
pregnant females
44=100 75
20«40 years
50«70 years 50+80 65

Data compiled from Hanstein and Miiller<Eberhard (1968)

24
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ilean haemopexin concentration in the rabbit is &0 mg/lOO ml serum
with a runge of 40-80 1g/109 ml serum (Nller-Eberhard gt ple, 1969)%

IL hus been shown in the robbit thet serum hasnopexin conceatration is not
subjeet to circadion fluctuatbions (Smibert, Liem and iller-Fberhard, 1972)
L2 levels in discoge

In geneval teivis, increased breakdown of red blood cells may
be associated with a low serum hae.mopexin level if the degree of intra-
vascular haecnolysis relcases mors: haemoglobin than can be c¢cleared
by hwptoglobine Low serun Ruemopexin levels are aluwost invuriably
associated with ceduced or zdsent aoptoglobin (ianstein and Miiller<Eberhard,
1963; Ailller-Bberhord and Cleve, 1963; illler-toerhard et al., 1968;

Sears, 1963,

If increased red cell destruction is associated wiih a hapto-
globinaeuia and heemopexin deficieacy, high levels of ucthuenciluamin ope
found in the plasmn, nethaenalbumin acting as a reservoir for plasma
haens in excess oi the hoemopexin binding capacilye <hus the plasma level
of haem is the decisive factor detemmining plasma haemopexin concentrationt
plasna haem levels greater than 6.0 pg/ml (equivaient tuv 150 pefal
hacwoglobin) result in decreased plasma haemopexin concentration (Mdllere
Eberherd gt ales 1968)4

Disorders with an increased rote of intravascular red cell destruction
are shown in Tables 3 and 4« The conditions in Table 3 are those in which
the most marked degree of intravascular haemolysis is likely to occur.

When red cell destruction is persistently severt, both haptoglobin and
haemopexin levels are zero or approaching zero. In conditions where
there is spidodic but massive intravascular haemolysis, plasma hapiogzlobin
and haemopexin concentrations fluctuate between zero and normal levels,
depending on whether the concentration was determined at t he time of the

haemolytic crisis, or between crises,



TABLE 3 SERUM UAENMOPEXIN AND MAPTOGLOBIN LEVELS

IN DISEASE
Haemopexin llaptoglobin
Condition concentration | concentration
range (ng%) range (mg%)
thalassaemia major 0-5 0-50
0, 5% 5, 10*
G6PD deficiency
+ primaquine 0* o+
mechanical haemolysis 0 0
malaria o= o*
40~60 15=35
P .N He 0"65 0-50
o* o+
S cell anaemia 0-40 0-25
15* 10%
S cell haemoglobin C 10-40 15-70
0-40 0-25
transfusien reaction 0 0
anti-D, anti-C, anti-E
thalassaemia haemoglobin E 15 5%
pyruvate kinase deficiency 10% 10%
+ severe haemolytic anaemia

% denotes single determination only

Data compiled from Miller-Eberhard et al. (1963);
Hiller-Eberhard (1970) and Sears (1968), Determination

of haptoglobin concentration was by haemoglobin binding and
radial immunodiffusion., IHaemopexin was measured by haem
binding and radial immunodiffusion.




TADLE 4 SERUM

IN DISEASE

CACMOPERIN AND OBARTOCLODIN  LEVELS

Inpteglabin

lnemonexin
Condition concentyration concentration
ronge {mxl) ronre (ngd)
tholassaemin troit 40=95 2«120
S cell trait 3570 35=50
spherocytosis 40=63 6005
autolcmumne F0m35 50
haemolytle anoenda 20300 0=30
perniciocus anoemin 1030

30=70

Legend as for Table 3

A4
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Toble 4 1lists several hazmatologlicul disorders in wihilch there
is lecrcasel red ccll sarvivales Again, depedding on the severity of the
haenslytlc process, plasma lesvels of haptoglobin and hacropaxin may
3¢ redacedy but in the conditions listed, reduction is significantly
less cenuron Lhaa in the conditions given in Table 3.

Sears (1963) {found in § patients with thalasseemia majoc that all
had anapooglobinaemia associoted with haemopexin deficiencys. Whilst
low serum haeawpexin levels are invariably assoc;ated with reduced
or ubsent hapioglobin, :lilier-iberhard unﬂ Cleve (1965) deseribed
Laenopexin deficiency without raduction ol haptoglobin in several children
with thiulasscenda major, but hud to postulate that a haem coxpound might
be prescent which depletzd hamnopexin without affecting haptoglobin,
In haunorrhagic pancreatitis, a haem compound may be liberated into the

civculation which reduces the haeniopexin level without altering tie

conczntration of huptoglobin in the plasma (Sears, 1908)+

Low levels of serum haemvpexin have also been described in protein=-
losing nephroputhies and progressive liver disease (llliler~iberhard, 1970).
Raised levels hawe been reported in some maliznent diseases, infections,
rheumatoid artiritis and diabetes mellitus, Following stress, the
concentration of serur haemopexin does not increase above twice the
normal level and haemopexin is not considered to be an acute phase protein
(Kushner gt ale, 1972

It has been suggested that once serum haptoglobin 1is decreased
in haemolytic disorders, measurement of serum haemopexin levels may
be of use in determining the severity of the heemolytic process, leasurement
of heemopexin: albumin ratio in amniotic fluid during gestation has bzen
used to assess foetal red cell destruction in Rhesus incompotibility
(MAller-Eberhard and Bashore, 1970)., The results hawe shown a degree
of accuracy described as greater than that obtained by determination
of bilirubin in amniotic fluid.
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liagmopexin metabolism

At the time of commencing this investigation, no direct measurements
of haemopexin synthesis or catabolism had been reported. Hdller-Fberhard
et ales (1969) showed that within 5 hours of haem injection, plasma
haemopexin coneentration fell steeply, but this decrease was rapidly
corrected once the haem was eliminated from the plasma, Injection
of '251-haemopex1n-59?e-haem showed that both the '251 and 59Fe rapidly
accumulated in the liver, other organs (kidney, spleen, lung) showing
negligible activity (Mlller-tberhard, Bosman and Liem, 1970). The activity
localised in the liver was demonstrated autoradiogrephically to be in the
parenchymal cells and it was concluded that the haeme heemopexin complex
is rapldly eliminated from the plasma and that the consequent reduction
in plasma haemopexin concentration reflects an increased rate of catabolisn
of haem complexed haemopexin, The localisation of the haemopexin label
in hepatic parenchymal cells suggests that these cells, or their immediate
environment, constitute an Important site of catabolism of the protein.
The increase in plasma haemopexin concentration observed after the removal
of the haem~haemopexin complex from the plasma was thought to be due
to en increased rate of haemopexin synthesis (M#ller-Eberhard et al., 1969).

Certain essential aspeets‘of haemopexin metabolism have not been
directly investigated, namely, the fractional and absolute catebolic rates,
intravascular/extravascular distribution and the effects of haem on the
catabolism and distribution of haemopexin, Neither total haem binding
capacity nor the extent to which this may change in response to raised
levels of plasma hoem is known at present, It has not been ascertained
whether haemopexin is recycled in the plasma after transfer of haem
to the hepatic parenchymal cells, or whether the complex is catabolised
immediately, thus placing haemopexin in an analogous situation to that
of haptoglobin, where binding of haemoglobin results in rapid elimination

and catabolism of the complex.
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At present, it is assumed that the major site of haemopexin
synthegis is the liver. In the absence of any direct measurements
of haemopexin synthesli rate, the abgolute response to injection of haem
is not known, Following haem injection, increase in plasma haemopexin
level to approximately twice the normal level has been described
by M#ller-Fberhard et al. (1969). A more striking increase in plasma
haemopexin concentration follows the injection of the porphyrogeniec
‘or carcinogenic chemicals allylisopropylacetamide, 3emethylcholanthrene
and leed acetate (Ross and MUller«Eberhard, (1970). This increase in plasma
haemopexin is due to increased synthesis since the response can be blocked

by ethionine,

Opjectives of the investigation
The main pumpose of this investigation was to carry out. the first

complete quantitetive study of '25l~haemopexln turnover in normal and
haem-loaded rabbits, to permit determination of fractional and absolute
catabolic rates, intravascular/extravascular distribution of haemopexin
and the effect of haem upon haemopexin turnover end distribution,

Plasma hnremopexin concentration was measured to obtain accurate
determinations of total body haemopexin haem binding capacity, snd its
variation in response to chenge in the emount of haemr injected was examined.,
For this purpose several experiments were completed in which 59Fe¢haem was
ugsed to permit simultanecous determination of plasma clearance of haemopexin
and haem,

The relative importance of haemopexin in haemoglobin catabolism
is not known, therefore plasma ‘251~hacmopexin turnover has bcen measured
following the injection into rabbits of graded doses of haem and in animals
with phenylhydrazine«induced haemolytic anaemia,

A critical appraisal has been made of the sources of haemopexin used
in these experiments and the extent to which the study of plasma clearance
of haemopexin in haem-loaded rabbits can be used to assess haemopexin

synthesis rate,
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MATERIALS AND METHODS

1. Rabbits

New Zealand ‘hite Rabbits* were uscd throughout and were maintained
on Short and Gamage 1 diet (Oxoid)s*
2, Rabbit hgemopexin

‘Pure rabbit haemopexin was prepared from rabbit serum by
Dr U :llller-Eberhard*** by the following method. Either pooled nomal
rabbit serum was used or pooled scrum from rabbits with increased
haemopexin levels induced by injection of Met!wlchblenthrene
(1 intraperitoneal injection of 4 mg 3emcthylcholanthrene/Kg body weight)
or lead acetate (i subecutaneous injection of 150 mg lead acetate/Kg
body weight), Rabbits irei-e bled by cardiac puncdure 48 hours af'ter
injection when serum haemopexin concentratlons had risen to at least
5 times base line values,

Poolc;l rabbit serum was treated with perchloric acid by the
method of Schultze et al. (19615 1963), by adding 1 part serum to 3 parts
0415 ¥ sodium chloride and 0.5 parts perchloric acid at «2°C, Exposure
to perchloric acid was kept to the minimum and the mixture was centrifuged,
By this precipitation method only perchloric acid soluble proteins are
retained in the supernatant. The supernatant was decanted and neutralised
with 0.1 B sodium hydroxide, concentrated by ultrafiltration snd
reprecipitated with 2.0 ¥ mmonlum. sulphate at pH 5,0, The supernatant
was separated by centrifugation anddialysed against sodium phosphate
buffer pH 7.2 T/2 = 0,025 prior to chromatographic scparation as described
by Efller~Eberhard and English (1967)s ’

& Obtained from A, E. Moss Ltde, Yhite Cloud Farm, Tring, Hertse.
¢+ Oxoid, Southwark Bridge Road, London SEi.
$3* Department of Biochemistry, Scripps Clinic and Research Foundation,

La Jolla, California,
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A 744 cm x 60 em column of DEAE cellulose was equilibrated with
sodium phosphate buffer pH 7.2 [/2 = 0,025, 16=13 g protein were
applied and after layering of the protein fraction, the column was
washed with 4000 mls starting buffer at a flow rate of 10 mls per minute.
Haemopexin wns eluted when the ionic strength of the buffer was raised
to I/2 = 6.05. 20 ml fractions were collected; protein concentration
was determined by absorbance at é80 nm and haemopexin was identified
by immunoelectrophoresis,

According to the method of M@ller-‘berhard and English, further
purification was carried out by two consecutive preparative zone
electrophoreses on Geon 427 (polyvinylchloride resin). For the first
electrophoresis, 400500 mg protein were applied to Ceon blocks 56 cm
long, tcm high and 30,5 cm wide; electrophoresis was continued for
30 hours at a voltage of 7.1 volts per cm in 0,04 M citric acid and
0,03 M dibasic sodium phosphate, pH 3,5,

A sccond electrophoresis of 20-30 mg protein on blocks 56 ¢cm long, .
1 cm high and 7.5 ca wide for SG:hours at 5.4 volts per em in the same
buffer resulted in the removal of all contaminants,

llaemopexin was eluted from the blocks by 5-10 mls sodium barbital
buffer pH 8.6 /2 = 0,05. Following the second eleetrophoresis, treatment
of haemopexin with 5«7 Il urea resulted in conversion of polymerised
haemopexin to the monomeric. form, After removal of urea by dialysis
against several changes 0.05 M phosphate buffer pH 7.0 for 13 hours,
haemopexin remained in the monomeric form.
l251~1abelling of haemopexin

flaemopexin monomer was labelled with ‘251 by the method

of McConahey and Dixon (1966).
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A 30 ml beaker holding 1«5 mg haemopexin in 4 ml 0,05 M phosphate
buffer pll 7,0 and a 2.5 cm polyethylene stirring rod was placed
in a crystallizing dish containing ice on a magnetic stirrer, 500 pCi
'251 in reductant free O,I M sodium hydroxide per mg haemopexin were
added, followed by 100 pg chloramine T, Five minutes later, addition
of 100 pg sodium metabisulphite neutralised any remaining oxidising
reagent. Chloramine T and sodium metabisulphite solutions were freshly
prepared in distilled water at a concentration of 200 pg/ml, Noneprotein-
bound '251 was removed by dialysis against several changes of 0,15 M
phosphate buffer, pH 7.4, over an 18 hour period., Folloving dialysis,
more than 97% of the total 1254 activity was precipitable by 3.3 B
smmonium sulphate., Iodinated haemopexin was centrifuged at 105000 g
for 60 minutes to remove trace amounts of protein aggregates,

40-90% uptake of '251 was obtained; assuming a MW of 58000 for
rabbit haemopexin, the molecular ratio varied between ! atom 12100 molecules
haemopexin and 1 atom I:50 molecules haemopexin, The specific activity
of the hoemopexin batches ranged from 2.9 x 108 dpm/mg to 1 x 107 dpm/ng.
Purity of the haemopexin

Purity of the labelled haemopexin was assessed by polyacrylamide
gel electrophoresis and by haem binding studies.

Polyacrylamide gel electrophoresis

Presence of haemopexin aggregatcs and purity of ‘zslvhaemopexln
were determined by polyacrylamide gel electrophoresis using the method
and apparatus described by Davis (1964)« The reservoir buffer was
0,05 M Tris and 0,384 M glycine, pH 8,3, diluted 1 in 10 with distilled
water for use, 200 pg protein were electrophoresed in gel tubes
63 mm x 5 mm for 30 minutes at 5 m Amps per itube, Gels were stained
with 19 emido Schwartz B in 7% acetic acid and washing solution for

removal of excess stailn was 7% acetic acid,
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No contaminants or hocmopexin agzroerates were prescent
on polyncrylamide gjel electrophoresis, |
Hoem binding

flaem binding by 1251--ha.emopexin'.m: determined by spectrophotomctric
titration at 4413.,5 nme The optical density ceased to incrcase when the
ratio of haem to haemopexinws equimolar. This method was described

by Heide et al. (1964).

laemopexin was shown to polymerise after 30«60 minutes incubation
at 60°C (Miller-Eberhard, 1970) and for the cxperiments, robbit
'25I-haemopexin was stebilised with unlabelled purified rebbit transferrin,
Rabbit transferrin inhibited poiymepisation end the scmples were stored

ot «20°C prior to use,

Se llaem
Unlnbelled crystalline haem was obtained from Koch=Light Loboratories Ltd*.
Biologically labelled 59Fe haen was prepared by injectinz a rabbit (3 Kg)
with 60 pCi 59'5‘0:013 in isotonic citrate«saline, The blood was collected
by cardiac puncture 14 deys later and placed in heparinised containers,
59Fe—haem was isolated by the method of Labbe and Nishida (1957),
{1 volume blood was added with stirring to 12 volumes freshly prepared
cxtraction solvent containing 2% strontiunm chloride hexahydrate in glacial
acetic acid ond acetone (133v/v). This mixture was allowed to stend
with occasional stirring for 20-30 minutes at room temperature. After
filtration through coarse filter paper, washing the residue twice with
1 volunc extraction solvent, the mixture was transferred to a flask and

heated to |00°c. Care was taken to prevent the temperature exceeding 102°c.

* FKoch~Light Laboratories Ltd, Colnbrook, Bucks.
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The solution was allowed to cool and crystallization of haem was completo
on cooling to room temperature. Illoem was centrifuged and washed twice
with 50% ethanol in water and once with ethanol/ether mixture,

59Fe activity in weighed samples was determined and the specific
activity was estimated to be 1.1 x 10% cpn/mg. For injection, haenm was

dissolved in 0,15 M sodium carbonate,

4e 59Fe-haemoglobin

59?e-haemoglobin was prepared by injecting 60 pCi 59Fe(!l3 in isotonic
citrate-saoline into a 3 Kg rebbit. 14 days later, the blood was collected
by cardiac puncture and heparinised. The blood was lysed by addition
of water and centrifuged for 1 hour at 120,000 g« The supernatant was
diluted 1:2 (v/v) with isotonic saline and centrifuged again for ! hour
at 120,000 g« The haemoglobin solution was concentrated by ultrafiltration
against isotonic saline and the solution for injection contained 122 mg

haemoglobin/ml, Specific activity of the 59Fe-haemoglobin was 5.9 x 105 cpm/ng.

5« Phenylhydrazine
Phenylhydrazine HCl was obtained from Koch-Light Laboratories Ltd.

For injection, a sterile solution of 0.04% phenylhydrazine HCl in isotonic

saline containing 0.% chlorocresol was prepared.

6« Storch gel electrophoresis

Plasma samples from rabbits receiving haem and haemopexin were studied
by starch gel electrophoresis, Starch gel apparatus and electrostarch were
obtained from Otto Hiller Co®, The bridge buffer contained 0,3 M boric acid
and 0,06 M sodium hydroxide, pH 8.2, gel buffer consisted of 1 volume
bridge buffer + 9 volumes distilled water. For the gel, 50 g electrostarch
were made up in 500 mls gel buffer, 50ul plasma samples were applied to the

gel and electrophoresed vertically at 2.5 volts/hm for 16 hours at 49C.

* Otto Hiller Co., Madisony Wisconsin.
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The completed gel was sliced and stoined for haem with the
benzidine mixture of Crosby and Firth (1956) consisting of 175 benzidine
in 907 ~cetic =oid azd 5% hydrogen peroxide (131 YA); and for protein
vith 1% amido Schwartz 2 dn 107 acciic acide Zenzidine was cbtained
from RocheLight Laboratcries Lktde. Fxcess protein stain was removed
by solution containing 4.5 parts sthonol, 0,5 parts glacial acetic acid
ond 5 parts distilled water, Haemopexin bands were excised from the gel

and their redioactivity wos delerminnd,

7« "lobeads” {inorgonic iodine resin)*® weve used for the cstimation
of non-proteins~bound '251 in plasua samples, as the high sulubility
of haemopexin in acid solution prevented its complete precipitsiion

from plasia by trichloroacetlc acid or phosphotungstic acid,

TIE DETERMINA!!OE OF PLASHA HAEMOPEXIN VALF«CLEARANCE TIiiE
In all experiments, rabbits were weighed each day and maintained

on a nommal diet, Beginning four days prior to 'zslohmopexin injection,
lugol's iodine solution was added to the drinkixig water to a concentration
of approximately 0.05% and maintained for the duration of the experiment,

t. [Hormal Rebbits
Plasma haemopexin half~tlearance time was studied in 18 normal

rabbits, Teble 5 lisis rabbit group, weight and source of haemopexin
for normal rabbits, 100 pg wsl«»haemopexin were administered by

intravenous injection as described below,

# Technicon Chemical Co Inc, Ardsley (Chauncey), New York,
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TABLE 5 NORMAL RABBITS

R Veight (Kg) Source of haemopexin
2 342
2a A 3032
3 3449 normal serum
4 ©2.55
5 2448
Group 1 9 2:57 serum from rabbits
10 ' 2.4 injected with
11 ' ‘239 Jemet hylcholanthrene
12 2'60_ A serum from rabbits
13 2405 injected with
4 ‘ 2.7 3-methylcholanthrene
17 193
1 2,65
4 2 2420 serum from rabbits
Group 2 2a | 2457 : injected with
3 2488 Jemethylcholanthrene
4 2et4 .
5 1475

Injection and sample collection

'251-haemopex1n waé d;lutad with isotonic saline to give a protein
concentration of 50 pg/ml and a msl-haeaopexin standard was prepared.
At zero time, 100 ug ‘zsl-haemapexin were injected into the marginal
vein of the left ear using a Butterfly (“)23 infusion unit* and were
washed through wltﬁ 2 mls isotonic saline, After 3 minutes; a 0.5-1.0 nl
blood sample was collected from the opposite ear into a sequestrene
container and further venous samples were taken at intervals during
an 80 hour period, by which time plasma '251 activity had dropped to less

than 5% of the injected doses

* Abbott Laboratories, North Chicago, Illinois,
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2. Haem=-loaded rabbits

Table 6 lists animals injected with 25 mg unlabelled haem followed
by 100 ug '251-haemopex1n and control animals receiving 100 ug ‘251-
haemopexin alones The same animals and a single batch of haemopexin
were used for both experiments? ’after measurement of ?251-haemopex1n

turnover, control animals were rested for 3 weeks before the haem=loading

experiment .

TABLE 6 25 MG HAEM RABBITS AND CONTROLS

Group 3 R Veight (Kg) Source of haemopexin
1 2422
2 240
25 mg 3 2,63
haen 4 2 0’52
5 2,38
6 .65 serum from rabbits
injected with
! 2405 lead acetate
2 2,05
3 2411
controls
4 2,03
5 1487
6 2418
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TABLE 7 ANINALS RECEIVING VARYING DOSES OF °°Fe IAEM + 100 pg

125/ _HAEMOPEXIN AND CONTROL ANIMALS RGCEIVING 100 pg HAGIOPEXIN ALONE

59I-‘e haem (mg) | R |[Weight (Kg) | Source of haemopexin

1 2.55
3436
3419
2.15

Group 4
25 ng

vt e N

1.:85

serum from rabbits

«ih

1492
1.95
2,40
3433
2.8
343 ’

injected with
1475 ng
lead acetate

Group 5 (2 batches)

2.0 ng

440 mg

Y S T

] 3442
2 220

controls

Haem~loaded rabbitst Injection and sample collection

Haem samples were dissolved in 0.15 M sodium carbonate for injection
and the left ear was cannulated by the above method, !aem was washed
into the ear vein by 2 mls isotoni¢ saline, followed 5 minutes later
by 100 ug 'zsl-haemopexin. aghin washed in with 2 mls isotonic saline,
After injection of '251-haemopexin at zero time, blood samples were taken
from the opposite ear at 3 minutes, 5 times during the first 14 hours
and at intervals for the remainder of the experiment, which was continued

for 80«96 hours after zero time,
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3« Robbits with intravnscular haemolysis

a) DPhenylhvdrazineetreated rabhits

2 rabbits received 2,3 ng bllenyll\ydrazine icl/Kg body weight
by intravenous Injection on alternate days for 3 weeks prior to the
injection of 100 ug '>’I-haemopexin, On the day following phenylhydrazine
adoinistration, blood samples were taken into sequestrene containers
with great care to avoid lysis? samples teken from normal rabbits
under the same conditions showed no lysis. Packed cell volume (PCV),
reticulocytes, whole blood haemoglobin and plasma haemoglobin were
estimated and plasma semples were submitted to starch gel electrophoresis
and examined for the presence of methaemalbumin by benzidine ataining.

Packed cell volume (PCV) was measured by the microhaematocrit
method and Merrett tubes were used for the reticulocyte count. Whole
blood haemoglobin was estimated By the cyenmethaemoglobin method
(pacie and Lewis, 1968) and plasma haemoglobin was measured
séectrophotometrlcally by the method of Cripps (1968). The absorption
peaks at 560 and 592 nm were subtracted from the peak at 576 nm and the
results were read off a standardisation graph.

After injection of 100 pug '251-haemopexm at zero time, sampling
was carried out as in haem-loaded rabbits.
b) 59!e—haemoglobin loaded rabbit

600 mg 59Fe-haemoglobin were injected into a 4.25 Kg rebbit and
plasma clearance of 59Fé-haemoglobin was followed. Plasma samples were
studied by starch gel electrophoresis and urine and faeces were collected

for estimation of 59Fe-act1vity.
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Collection of urine end faecces

Urine and faneces were. collected for 5 days following 'zsl-haemopcxin
injection and poolede In one rabbit receiving 25 ng haem followed
by 100 ug 'zslohaemopexin. urine samples were obtaincd after inserting
a selfe-retaining catheter into the bladder. This procedure, carried
out 3 hours before injection, permitted collection of more exact information.

Measurement of non-protein=bound '251

Non=protein-bound '251 was estimated in all plasma samples
of rabbits in group 2 and in the 24 hour samples of rabbits in groups
39 4 and 5.

042 ml plasma was made up to 1 ml with distilled water and a small
quontity of preswollen Iobeads was added. 042 ml supernatant was taken
and '251 activity determineds Results were expressed as percentage free
iodide in the plasma.

In a control experiment, 1251 was added to piasma before addition

of Iobeads. Retention of 1291 by the Iobeads was greater than 99%.

Quentitstion of plasma haemopexin

To quantitate results found on starch gel electrophoresis, selected
plasma sanples were sent to De U Mitller<Eberhard for wuantitation by the
radial immunodiffusion method of Mancini et ales (1965) according to the

modification of Smibert et ales (1972).

lleasurement of radioactivities
a) Plasma_samples

Blood samples were centrifuged and 0.2 ml plasma was counted
on a Packard Autogamma Spectrometer. In 59Fe—haem/ﬂ251¢haemopexin
experiments, counts attributable to the SgFe and 1251 labels were

determined simultoneously, Settings were 25% gain 300-9G0 (59pe) and
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50% gain 100115 ('2I). Cross counts were negligible and counting
error was within 1% of the total counts measured,

Calculation of injected doge: PCV was measured in all 3 minute
blood samples and the injected dose for each animal was calculated from
the 3 minute plosma counts end total plasma volume. Blood volume was

taken to be 75 body weight (Viseman and Irving, 1963).

b) Urine and faeces

2 mls samples were taken for estimation of activity and were counted
as above, Total excreted '251 activity was expressed as a percentage
of the injected dose,

'251-haemopexin and 59Fe-haem standards were counted at all times

to allow correction for radieactive decay.

Graphic resolution and analysis of plasma activity curve

For graphic resolution and analysis of experimental data, the
procedure and nomenclature of Hatthews (1957) were used throughout.
Plasma activity was expressed as a fraction of the 3 minute plasma counts
and plotted againgt time on semi-logarithmic paper. From the graph and
by computer analysis by the method of least squares, the plasma curwe
was resolved into 2 or more components described by exponential terms

“b,t t -b t

according to the general formula y ='c,e + Cze‘bZ + svcnses Cne n e

Slope (b), y-axis intercept (C) and half clearance time were determined

for each component., Slope, b = +693
half clearance time in days

Experimental model
The experimental model of Matthews (1957) shown in Figure 7 for

a system containing four compartments was chosen,



Figure 7. A 4=compartment form of madel used for the evalvation
of plnsma i251-hnemopexin clearance (after latthews, 1857),
Compartment 1 = intravascular protein
Comportment 2 = urine ond facces

extravascular protein

I

Compartments 5 ond 4
The Ks are rate constants,
The label was injected iato compartment 1, equilibrated with

compartnents 7 ond 4 end wos assumed to have irreversible exit

from compartment 1 to arine ond foeces in compartnent 2.
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The intravascular compartment is considered to be the central
compartment (compartment 1) while compartments 3 and 4, connected
reversibly to compartment 1, represent the protein in the extravascular
spaces, Compartment 2 represents urine and faeces and is connected
to compartment t in the direction 1—>-2 only. It is assumed that the
system I8 in dynomic equilibrium, total protein in each compartment
being constant, that rate of breakdown is equal to rate of synthesis and

that rates of transfer of protein from one compartment to another are constant,

Calculation of fractional catabolic rate

The catabolic rate, ‘12 was calculated from the formulat

Kl2 = 1 |
C‘/b‘ + Cy/by + 63/53
expressed as a fraction of the total intravascular haemopexin pool per
day.
Calculation of extravascular haemopexin as a fraction of intravasculap
haemogexln’ |
The capillary permesbilities, Kyg and Ky, were derived from:
1, -
‘31 = '2[‘?‘ (b.’;’v - bl) + 02(b3 b2) + by + b,
. oy
+ o B = by) + Cy(b, = byY + by = byy™ + 4L, (b, - by )b, wﬂ 2
- 1 - -
- \/§c|(b3 - b‘) + 02(53 - bz) + b' - b%} 4+ 402(b2 - b')(B3 - b@}] 3
K, = (Kyy = by, = b)(K,y - bg) 4
K41(K3' - K41)
(K,, ~b, K, =-b, ), ~Db
K'S = _ 31 1 ( 31 2 3 ;’L). 5

Ky (K, = Ky
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Ritio of sizes of compartments 3 and 4 to size of compartment 1
= KI%SI and K1 4/K4l respectively, since compartmental sizes are cqnstant.
In cxperimcrits where the plasma activity curve resolved into
Componants.
2 -semperdmerdson analysis, the presence of only 1 extravascular compartment

wos anssumed ond Y (extravascular protein) was de'rivcd froms

- 2
Y = ché(bz - b,)

2
(CIhz + czb,)

expressed as a fracltion of the intravascular haemopexin pool, X.

Calculation of absolute catabolic rate and extravascular haemopexin mass

Total intravascular haemopexin was calculated for each rabbit

using a haemopexin concentration of 44.2 mg/100 nls plasma (mean of 12

values obtained in normal rabbits by Dr U llller«Eberhard using the radial

immunodiffusion method of Hancini gt ale, (1965) 4 according to thé

modification of Smibert gt ale., (1972)4 SD = 15.4), a PCV of 4C{ and

taking hlood volume to be 7% body weight (Wiseman and Irvings 1963).
Absolute catobolic rate = fractional catabolic rate x X (ng) -

(mg/24 hours) +

Extravascular protein mass (ug) = ¥ x X (ag)

Calculation of haem binding capacity

To calculate haem binding by total haemopexin, the molecular weight
of haem was taken to be 617 and that of haemopexin 63,000 (#iiller-Eberhard
et al., 1969) and equimolar binding of haem by haemopexin was assumed

(Leide et al., 1964).
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RESULTS
Polyacrylamide gel electrophoresis, spectrophotometric assay
and haem binding estimations indicated that the labelled haemopexin
was pure, hacm-free and biochemically active in monomeric form., The
monomeric state was well preserved when haemopexin was stored in homologous

transferrin solution. In addition, during the metabolic experiments,

the rabbits all remained hcalthy and gained in weight,

DETERMINATION OF PLAS!A HAEMOPEXIN IALF-CLEARANCE TIME

1« Normmal rabbitg (Groups 1 2

A plasma haemopexin clearance curve characteristic of the series
is shown in Figure 8, By computer ﬁnalysis the curve was resolved into
two components, each described by an exponential function with y-axis
intercepts c, and C, and slopes b1 and b2 respectively.

Equilibration of '25I-haemopexin between the intravascular and
extravascular compartments was complete 20«24 hours after zero time,
when the rate of plasma haemopexin clearance beceme constant, Points
lying along the component cie‘bit and calculated points along the component

=b,t

C.,e 2° in the 18 rabbits studied were used to obtain the correlation

2
coefficient for each line, Results for the correlation coefficient
were in the range 0.,965-0.996, indicating that the points were a close
fit to a straight lines

Tables 8:1 and 8:2 surmmarise the results of graphic reso{ntion
of the '251-haemopex1n clearance curve in normal rabbits, Halfe-clearance
'bit 'b2t,Values for y~-nxis intercepts

times for components Cle and 023

C‘ and 02 and rate constants b, and b2 are given,
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11

exponential 2 (slope b2).
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GROUP 1 RABBITS INJECTED WITH 100 pg | 27I-HAEMOPEXIN
TABLE 831 ANALYSIS OF PIASUA ACTIVITY CURVE

y~axis intercept
Wt half-c%:::::;():e time (fraction of rate constant
R injected dose)
(Ke) t «b, t
b
- Cpe gﬁ 2 c, c, b, b,
2 3el12 21,40 1.84 04426 | 0,574 | 04775 | 9.03
2a | 3.32 21,40 2466 04400 | 0,600 | 0,775 | 6425
3 349 20,02 1 .69 0.546 | 0.454 0.830 | 9.82
4 | 2455 20,02 2453 0.478 | 0,522 0,830 | 6,60
5 248 18,82 3,46 0.465 0.535 0,881 | 4.30
X | 2,99 | 20,33 244 0,463 | 0,537 | 0.817 | 7.30
8D | 0.45 1.09 0.71 0,056 | 0,056 | 0,046 | 2,07
9 | 2457 | 2740 3.07 0,400 | 0,600 | 0,608 | 5.42
10 | 2414 | 20,02 2.98 04291 0,709 | 0.8350 | 5458
11 2,39 | 20,02 2,92 0,357 | 046843 | 0,830 | 5.68
x 237 22,48 299 0.349 0,650 04756 | 5456
sD | 0,22 4426 0,08 0,055 | 0,055 | 0,128 | 0413
12 | 2.60 | 18.82 2,90 0.392 | 0.608 | 0.881 | 5.77
13 | 2475 18.82 .31 06350 | 0.650 | 0,881 | 5,02
‘4 2 027 20.02 5-‘ 8 00493 00507 0.830 312'
17 1493 | 17470 1499 0,480 | 04520 | 0.942 | 8.35
% | 2.39 | 1884 5435 04429 | 0.571 | 0,884 | 5.59
8D | 0.37 0.95 1434 0,069 | 0,069 | 0.046 | 2413

Source of haemopexint-
R2-5
R 9.11

R12-17

normal serum
serum of rabbits injected with 3-methylcholanthrene
serum of rabbits injected with lead acetate

48
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GROUP 2 RABBITS INJECTFD WITH 100 pg |2 I-IAGMOPEXIN
TABLE 832 ANALYSIS OF PLASMA ACTIVITY CURVE

_ . y=axis intercept
Wt half ciﬁ::::§e time (fraction of rate constant
R (Kg) injected dose)
=h,t b, t
C‘e 1 02e 2 C‘ 02 Bl b2
‘ 2565 30¢' 4.23 0.344 00656 00’554 5.90
2 2.20 30,1 3461 0303 0,697 04554 | 4462
2a 2,37 33¢4 5446 00463 0.537 0.498 3006
5 2,88 2742 FAS R 04300 0,700 0,612 | 4.05
4 2.4 301 2452 00'399 0.601 04554 6.60
5 1475 3041 VAR ]| 0,518 0.682 0554 | 4405
X | 2,33 | 3047 4401 0,355 | 0,646 | 04554 | 4471
sSD 0,40 1,96 0.954 0,065 0,065 0,036 | 1431

Source of haemopexin: serum of rabbits injected with 3=methylcholanthrene

Mean plasma haemopexin halfeclearance time for component C,e’blt

for the whole series was 23,64 hours (SD 5,26), while half-clearance

time values for component cze‘”zt

ranged from 1.69+5.46 hours. Mean
value for y-axis intercept C, was 0.4 (sp 0-075)‘of injected activity
and 02 was found by subtracting C‘ from unity, .

One rabbit excluded from the series developed a respiratory infection
during the experiment and two distinct rotes of ﬁaemopexin clearance were
observed with half-clearance times of 18.8 hours and 70.05 hours respectively.

For evaluation of the plasma activity curve a model of three
compartments was chosen; a model of this type is shown in figure 9.

When calculating catabolic rate, xl2' it was assumed that lebelled
haemopexin was in a state of reversible equilibrium between the intravascular
and eitravaacular compartments with irreversible exit from the former.

Tobles 8:3 and 8:4 show results of compartmental analysis,

intravascular end extravascular protein mass and total hoemopexin haen

binding capacity.
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INJECTED WITH 100 pg |2 I-HABMOPEXIN

GROUP 1 RABBITS
TABLE 8:3 COMPARTHENTAL ANALYSIS
EV/IV v EV Total | Total haem
R m:_:f:uc haemo= | haemo~ | haemo« | haemo- binding
X pexin pexin pexin pexin capacity

12 17,3 X (mg) [ Y (mg) | (mg) (ng)
2 1.63 0.915 | 57.8 5340 110.8 1.085
2a 1 063 0.637 6' 04 390' '0005 00984
3 143 0.612 6540 39.8 1048 1.026
44 1450 04648 | 4743 30.6 7749 04762
5 1.56 0.516 | 46.0 23.7 6947 0,682
x 1.55 0,666 | 55.5 37424 92,74 0,908
sp 0,086 | 0,149 | 8448 | 11,02 | 17.91 | 0,76
9 1.30 0.873 | 4747 41.6 89.3 0.875
10 2,10 0,940 | 39.7 573 77.+0 0,75t
n 1.34 0.825 | 44:2 3644 80.6 0.789
X 1475 0L79 | 43.87 | 384 82.3 0.805
SD 0.408 0.058 4401 2.78 6.32 0.064
12 1.82 0.725 | 48.2 34.9 83.1 0.814
14 133 0,355 | 4240 1449 56.9 0.557
17 1.74 0.686 | 35.8 24.5 60.3 0.591
x 172 | 0.621 | 4442 | 27.7 719 0.704
sD 0.30 0.179 6,71 | 10.06 15.5 0.152

Legend as for Table 8:1%

EV = extravascular

IV = intravascular




GROUP 2 RABRITS INJECTED WITH 100 pg |2 1-HAEMOPEXIN

TABLE 834 COMPARTMENTAL ANALYSIS
EV/IV Iv EV Total haem
R ca‘t‘ni;:llc haemo~ | haemo= | haemo= zzz:ul)- binding
: pexin pexin pexin pexin capacity
12 /X X (mg) | Y (mg) |. (mg)
1 1035 | 1407 | 4945 | 550 | 102,55 | 1,00
2 1643 1,07 4140 4349 8449 0,831
2a 0090 0-57 44.2 25.2 . 69 Q4 0.680
3 1.51 0,92 6243 5742 119.5 1,170
4 125 1.00 3947 39+7 194 0,778
5 " 135 0,856 3246 2749 - 6045 . 0593
X | 14295 | 0,914 | 44488 | 41415 | 86.03 | 0,842
SD |  0.215 | 04188 | 10,18 | 12,94 | 21.74 | 0.212

52

lLegend as for Table 8:2

Mean catabolic rate, K' ge for the whole series was 1,53 (Sb 0.28)
times the intravascular haemopexin pool per day and extravascular haemopexin,
7. was 0,77 (SD 0,2) times the mass of intravascular haemopexin, Mean
total haemopexin haem binding capacity was 0,824 ng (SD 0.175). For
a 2.5 Kg rabbit, blood volume 175 mls (7% body weight) and PCV 407, the
following values can be calculated.
1+ Intravascular haemopexin = 4644 mg
2., Absolute haemopexin catabolism per day = 71 mg
3s Extravascular haemopexin = 35,7 ng
4+ Total haemopexin = 82,1 mg
5« Catabolic rate as a fraction of the total haemopexin pool per day = 0,865

6. Total haemopexin haem binding capacity = 0,804 mg haem.

'251 activity in pooled urine and faeces ranged from 87% to 92%
of the injected dose,
Non-protein-bound ‘251. measured in all plasma samples of rabbits
in group 2, reached maximum level approximately 24 hours after injection,
when a meen value of 2.4% free 125, (SD 0.42) was obtained, This showed that loss

of the haemopexin label occurred only as a result of normal haemopexin catabolism.
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2, Robbits receiving 25 m~ hosem (Croup 3)

Figure 10 shows the plasma haemopexin clearance curve obtained

from a rabbit injected with 25 mgy hacm. In this instance, 80% of injected

'251-hncmope;1n was cleared from the plasma in 5 hours, The plasma

clearance curve in animals loaded with 25 mg haen contained two componentis

of which Cle"blt represented the clearance of a residual 5% of injected
activity. Results for correlation coefficient for points along C'e'blt'

and cze'l’Zt ranged from 0,576 to 0,993,

GROUP 3 RABBITS INJECTED WITH 25mg HAEM + 100 pg |2 I-HAEMOPEXIN

TABLE 9:1 ANALYSIS OF PLASMA ACTIVITY CURVE
half-clearance time y‘s(xxis intercept

fraction of rate constant

R hlg (hours) injected dose)
(Xg) . .
«h |
C' e 1 02e 2 c| (:2 b' b2
1 2,22 23.10 1.65 0.079 0,921 0.721 | 10,08
2 2,40 21 40 2.08 0,140 0.360 0,773 8.3
3 2463 25.00 1460 0.060 0,940 0.666 | 10439
4 2,52 2730 1423 0.034 0,556 0.610 | 13459
5 2,38 25,00 1.60 04,055 0,945 0,666 10.39
6 2,65 23410 1455 0.059 0,941 0,721 | 10.70
X | 247 | 2445 1.618 0.071 04929 | 0469 | 10.58
SD | 0,17 2,055 04272 0.037 0,037 0.059 14703
CON‘{'ROLS*
1 | 2.05 | 20402 5477 0.343 | 0.657 | 0.884 | 2,80
2 2,05 21,40 4425 04336 0,664 0.778 3490
3 2.1 20,02 4035 0,280 0,720 0,83 3483
4 2.03 20,02 4405 0259 0.741 0.8% 440
5 187 21 440 Lol 04344 0,656 04778 VAL
6 2,18 18.82 4629 0,292 0,708 0,335 2437
X | 2,05 | 20,28 458 0,309 | 0.691 0332 | 3466
sh 0,10 0,98 04629 0,057 0.0% 04,048 0,468
» All control rabbits received 100 ug 125 I~haemopexin
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The results of graphic resolution in haemelocded and control
rabbits are shown in table 9:1., It can be seen that in haem~loaded
rabbits, 90=957 of injected z;étivity was cleared from the plasma with
a mean half-life of 1.6 hours (SD 0.27) Yeaxis intercept C; was 0,071
(SD 0,037) compared to 0.3t (SD 0.037) in control animals.

GROUP 3 RARBITS INJECTED WITH 25mg HABM + 100 pg | 2T-HAEMOPEXIN
TABLE 9:2 COMPARTMENTAL ANALYSIS

EV/IV Iv EV | Total | Total haem
R ca::::nc haemo~ { haemo~ | haemo~ | haemo~ | binding
X, p;_xﬁ‘_n pexin pexin pexin capacity

12 | /X, | X (wg) | Y (ng) | (mg) (ng)
1 4.97 | 2499 | 41.0 | 122.5 | 165.5 | 1,600
2 5446 2.05 4446 9t.5 | 136.1 1,333
3 5.54 b YA 48.5 '6505 214.,0 2.0961
4 7470 5.18 46.8 | 243.0 | 289,8 2.838
5 5466 243 42 | 1515 | 1957 1.917
6 5.70 3.9 49.0 156.2 205.2 2.010
x 5.84 36375 | 45468 | 155.03 | 200,72 1.966
SD | 0.%9 | 1.02 | 3.02| 50,90 | 52.38 | 0.513

CONTROLS® .

t 1.57 0.426 | 38,0 16,7 5447 0.536
2 1,70 0,648 | 38.0 | 24.6 | 62.6 0,613
3 1.90 0,655 | 39,3 | 25.7 | 65.0 0,657
4 2,03 0.726 3746 273 64.9 0.636
5 159 | 0.562 3449 19.6 5445 06534
6 1495 0.602 | 40,2 2442 644 0.631
x 1.79 04603 | 38.00 | 23.02 | 61.02 | 0.5%

SD 0.196 0.103 1.806 44026 54045 0,049

* All control rabbits received 100 Rre '251~haemopex1n
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Table 9:2 shows results of compartmental analysis in Group 3
animals, Catabolic rate, K,z,‘for hoem~loaded rabbits was 5484 (SD 0,949)
times the intravascular haemopexin paol per day;: extravascular hoemopexin,
?} was 3.38 (SD 1,02) times the mass of intravascular haemopexin and .
total haemopexin huem binding capacity was 1,966 mg hcem (SD 0.513).
Control results for catebolic rate, extravascular haemopexin and total
haemopexin haem binding capacity were 1,79 (SD 0,196), 0,603 (SD 0.i03)
and 0,558 mg (SD 0.049) respectively. These results fall within the
range of results obtained for Groups 1 and 2,

In haem=loaded animals, pooled urine and faeces contained 89%

(SD 4.38) of the injected activity, In the cathcterised rabbit, 85%

of 1njected“2sl-haemopexin was eliminated from the plasma with a half-
clearance time of 2,1 ﬁours; 8 hénrs after zero time 55% of injected
activity hed been recovered in the urine as non«protein<bound '251. and
after 24 hours, 8%: of injected activity was found in the urine. Total
excreted activity in control rabbits for the 5 days of the experiment
was 88% (SD 2,30) of the injected dose.

Plasma non-protein-bound 1251 did not exceed 449% of the plasma
activity in the 24 hour plasma samnles in haem-loaded rabbits and 4.3%

of the plasma actlvity‘in the 24 hour samples in control animals.

3« Rabbits receiving 25 mg 59Fe-haem (Groug 4)

In these onimals plasma clearance of '25i-haemopexin and 59Fe-haem

was studied,
a) Ipehoen_clearance
The half-clearance times of injected 59Fe-haem are shown in Table 1031,
The mean value was 2.85 hours (SD 0,882), In all rabbits receiving
25 mg haem, 90% of injected 2 Fe-haem activity wes eliminated from the

plasma between 8~17,.,5 hours after zero time,
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GROUP 4 RABBITS INJECTED WITH 25 mg > Fe~HAEM + 100 ug '22I-IAFMOPEXIN
[ ~{
TABLE 10:] CLEARANCE OF 2 Fe-HAEM FROM THE PLASHA

R Half-~clearance time
(hours)

3.5

3.0

3¢5

2.0

2,0

Vi wy-

"

2,85

SD 0.322

In 3 animals, the plasma 59?e~haem activity curve was resolved
into 2 components and Figure 11 shows the 59Fe-haem clearance curve
for 1 of thege rabbits.

along components C'e°blt

Correlation coefficients for points lying

and cze“’z‘ ranged from 04976-0.996,

GROUP 4 RABBITS INJECTED WITH 25 mg 2 Fe-HAEM + 100 pg ' >SI-HAEHOPEXIN
TABLE 1032 “°Fe-HAEM CLEARANCE: COMPARTHMENTAL ANALYSIS

half-clearance y~axis intercept catabolic
(fraction of rate constant
R time (hours) injected dose) rate
«bh.t -h.t
c'e 1 cze 2 c‘ Cz b‘ h2 Ktz
1 6.80 0,387 0.622 | 0,378 2,449 | 43.3 3.8
2 6427 0,500 0,646 | 0.354 2.655 | 33.0 395
3 5420 0.580 0,673 | 0.327 30194 | 28,88 443
x 6409 0,489 0,647 | 04353 2.766 | 35.06 44017
sD 0.815 0,097 0,026 | 0,026 0.385 143 04257
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Results of graphic onnlysis and values for 2atrbholic rate, :{12’

are civen in Table 1032, lean half-clearnnce ti:e for corponent Cle°blt

in the 3 robbits studied was 6,09 hours (3D 0,915), while mesn half-

t

clearance time for component Cze'bZ was 0,439 hours (SD 6,097). ilean

catabolic rate was 4,017 (5D 0,257) times the intravnssular pool per day.

b) ’zbl-haemqpqggn clearance

Tables 1121 and 11:2 show results of graphic resolution and
compartmental onalysis obtained from the plasma '25I-haemopexin clearance

curves of Group / rabbits,

GROUP 4 TRABBRTS INJECTED WITH 25 mg °'Fe-HAEM + 100 pg '2’%-HAEHOPEXIN
TABLE 1131 '25I-HAEMOPEXIN CLEARANCE: ANALYSIS OF PLASMA ACTIVITY CURVE

- PRy y-axis intercept

Wt half ci;izi:ge time (fraction of rate constant
R injected dose)

(Ks) -h t ‘ bt '

C'e 1 C2e 2 C' 02 b1 b2
1 (255 | 334 1.8 0.075 | 0,927 | 0.499 | 9.24
2 | 3.36 43.0 1.6 0.101 | 0,899 0.357 | 10,34
5 3.!9 37.6 2.0 0.09' 00909 0044' 8‘35
4 2.t5 3344 2.2 0,101 0,899 0,499 T +53
5 1.85 3344 1.6 0,178 | 0,822 0.499 | 10,34
x | 2.62 36416 1484 0.109 | 0.891 0.465 | 9.16
sb | 0,65 423 0,26 0,040 | 0,040 0,050 1 424
controls¥®
1 3442 360.8 3.4 0,320 | 0,680 0.440 4490
2 2420 30,2 3ad 04300 | 0,700 0,550 5436
® ALl control rabbits received 100 g | 27I-haemopexin



GROUP 4 RABBITS INJECTED WITH 25 mg - Fe-IAEM + 100 pg |2 I-HAENOPEXIN

TABLE 1132 '251.1AEMOPEXIN CLEARANCE: COMPARTMENTAL ANALYSIS

860

EV/IV v EV Total | Total haem
R ca:::"uc haemo= | haemo= | haemo= | haemo= binding
K ¢ pexin pexin | pexin pexin capacity
12 YX X (ng) | Y (mg) | (mg) (mg)
1 4407 400 | 47.3 | 189.0 | 23643 2,514
3 3.18 3.82 59.2 | 228,0 | 287.0 2,811
4 3.12 3.07 40,2 1235 163.7 1.603
5 2.29 2.79 3445 963 . | 13048 1.281
x 3el1 3468 4847 | 185456 | 23442 2.29%
SD 0.644 0,755 11495 73,66 90433 0865
CONTROLS*
1415 1424 63.1 7842 14143 1.384
2 1449 1.21 40,8 4945 90,3 0.333

* All control rabbits received 100 ug 125I-haemopexin

A3 in haem~loaded rabbits in Group 3 90-95% of injected activity
was eliminated from the plasma with a mean halfeclearance time of 1.84 hours
(SD 0.26)s Component C 'blt

e s representing the clearance of approximately

1
10% of injected activity, had a mean half-clearance time of 36,16 hours
(SD 4425)s Mean y-axis intercept Cy was 0,109 (sh 0,04) compared with
control values for C' of 0,32 and 0,30, Mean catabolic rate, K' 2t was
3el1 (SD 0,644) times the intravascular hacmopexin pool per doy; mean
extfavascular haenopexin .wais 3.68 (sp 0.755) times the mass of intravascular
haemopexin and mean total haem binding capacity‘was 2.294 mg (SD 0,885).
Control values in the 2 animals studied fitted well with data
already obtained, except that the halfeclearance times of component
C,e’bit were 36,8 hours and 30,2 hours.
1""'51 activity in pooled urine and faeces in Group 4 rabbits was

92,5% (SD 6,18) of the injected activity for haem~loaded animals and

93% of the injected dose was recovered in both control rabbits,

Non-protein-bhound 1251 in 24 hour plasma samples did not exceed

445% of plasma activity in haem-loaded animals and 3.7% in controls.
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4e Raobbits recelving 1.73-4.0 o 59Fe-haem Grou

a) 59Fc-hacm cloarance

In 5 out of the G rabbitsy the plasma aciivity curve was described
by a single exponential function of time with a mean half-clearance
time of G.608 hours (SD.0.124)s A typical cxample of the graph of plasma
Sg?e-haem activity, plotted againast time is shown in Figure 12, Correlation
coefficients for points along the lines were in the range 0.952-0.991.

Half~gclearance times for 59Fe-haem are shown in Table 12,

GROUP 5 RABBITS INJECTED WITH 1.75-4.0 mg -Fe-HAEM + 100 pg
125  HAEMOPEXIN
TABLE 12 CLEARANCE OF JFe-HAEM FROM THE PLASHA

Half -clearange time
Hh:z goso R of injected e dose
g {hours)
1.75 1 0445
175 2 0.65
1,75 3 0465
2,00 4 0.80
4400 5 0460
4400 6 0.50
x 0.608
11) 0.124

b) 1251—-haemggexin glearance

Plasma haemopexin halfeclearance time was studied in 6 rabbits
receiving 1475440 mg haem. A typical example of the ‘251-haemope;in
clearance curve is shown in Figure 13, The plasma activity curve was

resolved into 3 components and Table 13:1 shows the half<clearance times

of components c'e"blt, Cze'b2t e'bst. values for C'g 02. C

3 3
the respective rate constants b', b2 and bz' Results for correlation
“ab,t

and C and

coefficient for points along components Cle"bt ’ Cze'bzt and Cje’b3t

for all rabbits were in the range 0,981-0,996,
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GROUP 5 RABBITS INJECTED WITH 1.75-4.0 mg ° Fe-HAEM + 100 pg '22I-HAEMOPEXIN
TABLE 13:1 V271 HAEMOPEXIN CLEARANCE: ANALYSIS OF PIASHA ACTIVITY CURVE

( ) y-é:(ds intercept
5% a-haem Wt half clearance time (hours fraction of rate constant
~b ~h -b
Cle 1 Cze 2 C;,’e 3 C' 02 (23 b‘ b2 b3
1.75 1 1.92 43.0 3.1 1.0 0.35 0.31 0.3 0.39 | 5.36 16.7
1.75 2 1.95 30.1 5.6 0.5 0.29 040 0431 0.55 | 2.97 333
l ‘75 5 2440 30.‘ 4.7 0.6 0.27 0’36 0.47 0.55 5054- 27 .7
2.00 4 3.33 | 43.0 549 | 1.4 | 0l12 0,39 0.49 0.39 | 2.70 11.9
4.00 5 2.8 30.1 0.2 1.0 0.20 0.34 0446 0.55 | 2.68 1647
4.00 6 3.13 37+5 442 1.0 0.11 0.46 0443 0445 | 3.96 16.7
x 2,49 35.63 495 0,92 0.223 | 0.377 0.41‘7 048 3-535‘ 20.5
Sp | 0.61 6.39 1.18 0.33 0.097 | 0.052 | 0,074 | 0.08 | 1.026 8.16
controlsgg 3‘42 36'8 3'4 0032 0‘68 0044 4'9
2 | 2.20 | 30.2 3.1 0.30 | 0.70 0.55 | 5.36

* Al]l control rabbits received 100 ug 12Sl-haemopexin

v
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“b.t

The rtean halfeclearonce time of component C.e "t~ in rabbits

1

receiving 59Fe-haem was 35,6 hours and mean value for y-axis intercept c'

was 0,223 (SD 0.,097) compared with control values for C, of 0,32 and 0,30

1

in the 2 rabbits studied. Values for C’ varied between 0.11 and 0.35,

the latter being within fhe range of the Vcor".t'rol groub. and it can

be seen from 'l‘able 1311 that the highest values for C' were associated

with the lowesf doses ofvhaem. Control resﬁlté fell within the range

of results already obtained, except that the half-clearance times

of component CIe"blt were 36.8 ami 30.2 hours in the 2 rabbits gtudied.
Tables 13:2 and 13:3 show calculated results for permeability

constants, extravascular protein mass, catabolic rate and fotal haemopexin

haenm binding capacity in animals receiving 3 9Fe-haem. -The experimental

model chosen for the calculation of these results is shown in Figure 7,

GROUP 5 RABBITS INJECTED WITH 1.75-4.0 mg > Fe-HAEM + 100 pg
1251  AEMOPEX N

TABLE 1332 '271~HAEMOPEXIN CLEARANCE: COMPARTMENTAL ANALYSIS

: Ratfo of axtravascular
Permesbilities to intravascular
Haea R : protein masses
(mg) t t t
: : comp comp compts
Kis | K3 Kie | Ka 3 4 | 3%
1.75 | 3.482 | 12477 | 3.269 | 2,797 | 0.261 | 1.169 | 1.430
1.75 | 2 8.830 | 23.630 | 1.326 | 1.530 | 0.374 | 0.867 | 1.241
1675 | 3 | 84040 | 184444 | 14884 | 1.79% | 04436 | 1,050 | 1.486
2,00 | 4 34148 74200 | 1,746 | 0.854 | 0437 | 2.044 | 2.481
4,00 | 5 54354 9.945 | 1421 | 14285 | 0.539 | 1,111 | 1.650
4.00 | 6 3.854 | 11.019 | 2,599 | 1.059 | 0.350 | 2,501 | 2.851
X | 5401 | 13,736 | 24041 | 1550 | 0,400 | 1.457 | 1,857
SD | 2.495 6e115 | 0,752 | 0,697 | 0,094 | © .656 0,651
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GROUP 5 RARRITS INJECTED UITH 1.75-4.0 mg ° Fe-IEM + 100 ug
1251 tarvoprXIN
TABLE 13:3 '2JI-IAGHOPTXIN CLEARANCE: COMPARTHENTAL ANALYSIS
) . EV/1vV v EV | Total | Total haem
Hoem | o Cuﬁzfgllc haemo- | haemo- | haemo= | haemo- binding
(mg) " pexin | pexin | pexin pexin capacity
“12 /X X (mg) | Y (mg) (ng) (mg)
1.75 | 1 1.01 1430 | 354 50.6 8640 0.842
1475 | 2 1.52 | 14241 | 36.2 4540 81.2 0.795
175 | 3 1.65 1,86 | 44.6 66,3 | 110.9 1.086
2,00 | 4 1.98 2,481 | 61.8 |153.0 | 214.8 2,104
4400 | 5 1.95 1.650 | 40.5 67.7 | 108.2 1,060
x 1.78 1,857 | 464135 | 914435 | 137,567 | 1.347
sD 04524 0,651 | 114326 | 534608 | 644649 0,633

(SD 0.524) times the intravascular haemopexin pool per day; mean extravescular

In rabbits receiving SgFe-haem, mean catabolic rate was 1,78

protein was 1,857 (SD 0.,651) times the mass of intravascular haemopexin and

mean total haemopexin haem binding capaciiy was 1.347 mg haem (SD 0.633).

Recovery of 1251 in the urine and facces was 85% (SD 4.7) of the

injected dose in animals receiving haem and 93% of the injected activity

in both controls,

Noneprotein-bound ‘251 ranged from 2.1=4.1% of the plasma activity

in the 24 hour plasma samples of both haem-loaded and control rabbits.

251—hamo exin clearance data in normal and hae_m-loaded rabbits

Surmary of P 8 10 _normai and haem-10aa€c I8VHALH

11 high dose haem rabbits and 6 low dose haem rabbits,

given in each case,

Table 14t1 surmeriscs results obtained in the 26 normal rabbits,

Hean valuesg are



TABLE 1411
controls high dose haem | low dose haem
c,e 1t | 23.62 (5D 5.50) | 29.61 (sD 6.97) | 35.62 (SD 6.40)
Cpe P2t | 3.55 (3D 1.07) | 1.72 (SD 0.277) | 4.95 (D 1.18)
c, 0.372 (SD 0.077) | 0.088 (SD 0,041) | 0.223 (3D 0.089)
Ry 1.57 (SD 0.,28) | 4.60 (SD 1.629) 1.78 (Sb 0.522)
VA | 0.769 (sD 0.229) | 3.51 (SD 0.879) | 1.857 (P 0.651)

Mean y-axis intercept C; in controls was 0.372 (sp 0.077)
compared with the high dose haem result of 0.088 (SD 0,041) and the
low dose haem value of 0.223 (SD 0.089). The result of a t-test
carried out between control and high dose haem values was t = 11 .44,
n = 36, p =0.001, A t-test on control and low dose haem values for
C1 gave the result t = 4.0644 n = 31, p =<0.,001,

) Results for catabolic rate, controls 1.57 (SD 0.28), high dose
haem rabbits 4.60 (SD 1.,629) and low dose haem animals 1.78 (SD 0.522)
were lreated similarly., The result of a t-test between control and
high dose haem values was t = 943, n = 36, p =<0.,001. The result for
the test on control and low dose haem values was not significant
(t =1.34, n = 31, p = 0,2) but if only the last three values for K,,
were taken, the result was t = 3.32, n = 28, p = 0.001-0.005,

Extravascular protein, Y, was 0,769 (SD 0,229) times the mass
of intravascular haemopexin in control animals, 3.51 (SD 0.879) in
high dose haem rabbits and 1.857 (SD 0,651) in low dose haem animals,
Resultx of t-tests were, for high dose haem rabbits and controls,

t = 15.00, n = 36, p =<0.001 and for low dose haem animals and controls,

t = 7-'02' n= 3', P =<0.00'.
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The volues in Table 14:2 for a 2.5 Kg rabbit, PCV 40% and blood
volume 175 mls were calculated for a normal rabbit and for rabbits

receiving high doses (25 mg) and low doses (1.75-4.0 mg) of haem,

TABLE 1422
high dose low dose
control haem haem
Haemopexiﬁ catabolised
per day (mg) 72.84 213.44 82.59
Fraction of total haemo-
pexin pool catabolised 0.887 1.02 0.623
per day
Exgl‘:gascular haemopexin. 35-68 162.86 860'5
Total haemopexin (mg) 82.08 | 209.26 132.55
Total haemopexin haem ‘
binding capacity (mg) 0.304 2.049 1.298

Results of starch gel electrophoresis and immunoquantitation

Rabbits receiving 25 mg haem

Starch gel electrophoresis of plasma samples obtained from
a rabbit receiving 25 mg haem is shown in Figures 14a and 14b.
Figure 14a shows a gel slice in which haem is stained. The’ haem~
haemopexin and methaemalbumin bands are marked and free hamogloﬁin in
the plasma may be disregarded. The 3 minute sample shows that injected
haem was rapidly bound by haemopexin and albumin, Haem bound to haemopexin
- quickly fell in concentration to reach a minimum after 3 hours. After
this time, haem associated with haemopexin increased in concentration,

reaching a peak in the 24 hour sample,



Alb = methaemalbumin
H-Hx = haem-haemopexin

b = haemoglobin

Figure 14a. Starch gel electrophoresis of plasma samples from

a rabbit receiving 25 mg haem. The gel is stained with benzidine/
hydrogen peroxide solution to show haem. From left to right,
plasma samples are; 3 minutes, 30 minutes, 3, 8, 14, 24, 48 and
72 hours after the injection of haem and labelled haemopexin.

The volume of plasma in each insert ws 50 pl.




{Ix = haemopexin

sure 14b. A second slice of gel taken from the electrophoresis

lescribed in figure 14a was stained with Amido-Schwartz B

in

107 acetic acid to demonstrate plasma proteins. The plasma

samples are the same as in figure 14a. The haemopexin band

1S

1N

marked and shows a well defined peak level of concentration

LY

the 24 hour plasma sample.
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Figure 14b shows a gel slice in which the plasma proteins are
stained and the hoemopexin band is indicated. It can be seen that,
following injection of haem, plasma haemopexin concentration fell,
reaching the lowest value in the 3 hour sdmple. After 3 hours, plasma
haemopexin level increased to ;each a peuk,lﬁ the 24 hour sample.

Radioactivity in the excised haemopexin bands decreased to 107
of the initial level within 8 hours and activity in later samples was
undetectable, | | |

This general pattern of results was observed in other rabbits
receiving 25 mg haem, although there was slight variation in the extent
of the increase in haemopexin concentration and the time interval after
which the increase ﬁccurred.

Staining patterns in Figures 14a and 14b correlate with immuno-
quantitation results shown in Figure 15. Following haem injection,
plasma haemopexin concentration fell rapidly by 27-50%. Minimum levels
of plasma haeuopexin were found after 3 hours and plasma haemopexin
concentration increased after 8-12 hours.

Rabbits receiving 1.75-4.0 mg haem

The results of starch gel electrophoresis show that the doses
of 59Fe-haem'were bound to haemopexin in the 3 minute plasma samples
and methammalbunin waS‘undetecﬁable by the methods used, Generally,
the results were simllar in other respects to those shown in Figures 14a
and 14b. »

Clearance of»sgbe-haem from albumin

Plasme samples of one rzbbit receiving 25 mg Sgbe-haem were
subjected to starch gel electrophoresis. The methaemalbumin bands were
excised, the radiocactivity in each band determined and expressed as a
fraction of the activity of the methaemalbumin band in the 3 minute sample.

The half-clearance time of 59Fe-haem from albumin was 3.3 hours.
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Clearance of l25I—hnem0p¢:x1n from the plasma of rabbits with intravascular

haemolysis
a) Injection of haemoglobin

To investigate the effect of a single hoemolytic episode on plasma
haemopexin concentration, 600 mg 59Fc-haemoglobin-(equivalent to 24 ng
haem) were injected into an 4.25 Kg rabbit-

The plasma clearance curve of 59Fe-haemogiob1n is shown in Figure t6,
Clearance was described by A single exponential function of time and
the correlation coefficient for.boints lying along the line ﬁas 0,9995,
sgfe-haemoglobin was . eliminated from the plasma with a halfeclearance
time of 1.2 hours,

14.8% of the injected activity was recovered in the urine after
24 hours, 14.1% being excreted in the 2 hours following 59Fe-haanoglcb1n
injection,

Plasma samples were electrophoresed in starch gel and the results
are shown in Figure 17. Methaemalbumin was undetectable by the methods
used, The haem~haemopexin band is c¢clearly defined and shows no decrease
in haem associated with haemopexin until clearance of haemoglobin from
the plasma is almost complete, |
b) Phenylhydrazine=treated rabbits

As an alternative to haemoglobin injection, phenylhydrazine was
administered to induce intravascular haemolysise Table 15 shows results
of reticulocyte count, plasma and whole blood haemoglobin, PCV and starch
gel electrophoresis during the 3 weeks of phenylhydrazine treatment

prior to '251-haemopexin injections
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H-Hx

Hb

H-lx = haem-haemopexin

Hb haemoglobin

Figure 17. laemoglobin rabbit: Starch gel electrophoresis

of plasma samples. Left to right: Sample prior to haemoglobin
injection and samples at 3 minutes, 30 minutes, 1, 2, 4 and 6 hours
after haemoglobin injection. Haem-haemopexin and haemoglobin

hands are marked.
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TABLE 15 PHENYLHYDRAZINE-TREATED RADBITS

R | Day Reticulo-_ Plasma b Whole blood PCV | Methaemalbumin
cytes % | mg/100 mls | I g/100 mls % | on starch gel
1 5.5 - 1145 1 306 38 -
3 7.0 12.6 12.0 57 -
8 10.4 20.8 11.6 38 -
1 10 13.1 24.8 11.4 38 faint
15 14.2 21.4 11.0 39 dist inct
17 14.2 26,8 11.2 39 ~ distinct
21 14.4 30.4 1.4 39 dist inct
1 4.8 16.0 13.8 39 -
3 6.8 11.2 12.6 33 -
8 1.2 18.2 12.0 38 -
2 | 10 13.5 21.4 11.8 38 faint
t5 14.5 23.0 1.4 » distinct
17 14.3 28,2 1.4 38 distinct
21 14.7 334 1.2 B distinct

Day | = day following 1st phenylhydrazine injection
On day 21, 100 pg 5I-haemopexin were injected into the marginal ear vein

The plasma haemopexin clearance curves for both phenylhydrazine-~
treated eninals were similar to those obtained in low dose haem rabbits.
An example of the plasma haemopexin clearance curve in low dose haem
rabbits is shown in Pigure 13. The clearance curve was resolved into
3 compoents; Ce 1%, cpeP2b and c e and Tabies 1611, 1612 and 1613
show results of graphic resolution and compartmental analysis for
phenylhydrazine~treated rabbits,- The experimental model used is shown
in Figure 7_,

It can be seen from Table 1631 that y-axis intercept C, values
of 0.147 and 0,17! of the injected activity were obtained in the 2 rabbits
studied. Results in Table 16:3 for catabolic rate were 2,14 and 2,04
times t_he intravascular haemopexin pool per day and values for extravascular

protein were 1.971 and 1.61 times the mass of intravascular protein. These

values were similar to those obtained in rabbits receiving 2-4 mg haen.



PUENYLIYDRAZINE-TREATED RABBITS INJECTED WITH 100 pg )2 I-HAEMOPEXIN

TABLE 16:1 ANALYSIS OF PLASMA ACTIVITY CURVE

. axis intercept
W half clearance time (hours) (fraction of injected dose) rate constants
(Xg) .
=h =h,.t sh_t
c‘e 1 Cze 2 03e 3 cl 02 03 b' b2 b3
3.17 33.4 4476 0.6 0.147 0.541 04469 0.499 3¢5 27.7
350 30.1 ‘5.08 1.l 0.171 0,480 04520 0.555 3426 15.3

24



PHENYLWYDRAZINE-TREATED RABBITS INJECTED WITH 100 ug | 22I-HAEIOPEXIN

TABLE 1332 COUPARTIHENTAL ANALYSIS
- Ratio ¢! extravascular
Permeubllities to intravascular protein masses
K13 K3‘ I\t 4 K 41 coupt 3 conipt 4 compts 3+4
6.614 19.945 1.877 1.145 0.532 1.6329 1.971
3311 10.883 1.623 1.233 0,300 1.310 1.610
TABLE 16:3 COMPARTHMENTAL ANALYSIS
catabolic EV/IV Iv EV Total Total heem
rate haemopexin haemopexin haemopexin haemopexin binding
Ko /% X (mg) (mg) (ng) capacity (mg)
2.14 1..97% 58.8 116.0 1748 1.712
2,04 1.610 65.0 105.0 170.8 1.665

8
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DISCUSS 10N

This investigation has been concerned with the fate of hoemoglobin
liberated into the plasna as a result of intravascular red cell destruction,
The plasma protecins haptoglobin, ha@mopexﬁn and albumin‘are involved
in the elimination of free hacmoglobin and haen from the circulation:
haptoglobin binds haemoglobin whereas haemopexin and albumin bind hacm.
These mechanisms for haemoglobin end haem clearance result in the
catebolism of haem in hepatic parenciymal cells with retﬁntion of iron
for haemoglobin synthesis,

The extent‘to which haptoglobin, haemopexin and albumin are
involved in haemoglobin and haem clearance depends on the rate
of intravascular haemolysis. In normal conditions, free plasma haemoglobin
is bound and removed by héptogiobin. However, vhen the rate
of intravascular red cell destruction is increased, haptoglobin
is depleted as a result of rapid catabolism of the haptog;obln-haemoglobln
complex (Freeman, 1964)« As replacement of heptoglobin by synthesis
does not rapidly compensate for the loss of the haptoglobin-hzemoglobin
" complex, plasma haptoglobin concentration may fall to zeros Consecuently,
the haemoglobin level in the plasma increases and renal excregion
of haem-globin dimer (A subunit) may occur if haemolysis is severe.
Free circulating haemoglobin is oxidised to methaemoglobin from which
the haem modety dissociatea and is bound by haemopexin and albumin,

The objectives of the present investigation were: to mgke
‘an accurate quantitative study of haemopexin turnover in normal and
haem~loaded rabbits; to investigate the effect of haem on haemopexin
distribution and to study the relationqhip be(wcen total body haemopexin
haem binding capacity and the amount of haem cleared from the plasma.
In order to discover the extent of hoemopexin involvement in the plasma
clearance of haemoglobin and its metabolites, haemopexin turnover was

measured in animals with increcased red cell destruction due to administration

of phenylhydrazine,
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HAEIOPEXIN TURNOVER

The labelled haecmopexin used in these experiments was pure,
haem=-frec, undenatured and in the monomeric form. The protein was
shown to be biochemically active and it was assumed to fora, in vivo,

a homogeneous pool with endogenous hacmopexin. The use of perchloric
acid in the preliminary stages of haemopexin purification provides

a protecin which is readily iodinated and aggregation of the purified
protein is minimised, probably because oxidation of labile sulphydryil
groups occurs. The protein aggregation in haemopexin preparations
purified by methods avolding the use of perchloric acid makes the
material entirely unsuitable for measurement of fractional catabolic
rate.

For evaluation of 1251~haemopexin.clearance. the procedure and
nomenclature of Matthews (1957) were uced. MNatthews described a model
with 3 or 4 compartments, as shown in Figure 7, for the analysis
of gemma globulin and albumin turnover in the rabbit. Labelled protein,
injected into the intravascular compartment (compartment 1), equilibrates
with protein in the extravascular spaces (compartments 3 and 4).
Breakdown of labelled protein to the urine (compartment 2) is considered
to take place from the intravascuiar compartment. It is assumed that
the system is in dynamic equilibrium, total protein in each compartment
being constant, that rote of breakdown is equal to the rate of synthesis
and that rates of transfer {rom one comparticent to another are constant.

In general, following the intravenous injection of '251-labe11ed
protein, therc is a rapid fall in plasma activity caused mainly by
exchange of labelled molecules with unlabelled molecules in the
extravascular space: catabolism of labelled protein also contributes
to this initial fall in activity. Once equilibration is complete,

the fall in plasma activitly becumes constant in rate,
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'251—hacm0pexln clearance, studied in normal and hoem=loaded
rabbits, showed that hoem increased hcemopexin catabolisme In normal
robbits, hoemopexin was cleared from the nlasma with a half-clearance
time of approximctely one day. Experiments in haem=loaded animals
showed that the haem=haemopexin complex is rapidly catsholised, the
extent of heemopexin catobolism being deperdent on the amount of haem
injected,

Nornal haemopexin turnover

Normal human plasma contains approximately 0.3 mg haemoglobin
per 100 mls plasmat emounts of heemoglobin of this order are bound
and cleared by haptoglobin, which has a haemoglobin binding copacity
of 50-150 mg per 100 mls plasma (Bunn, 1972). Thus, in normal animals,
hazmopexin was assumed to be cleared from the plasma in the haem-free
state.

In normal rabbits, clearance of labelled haemopexin from the
plasma was consistent with fractional catabolism from a homogecous
plasma pool and non-protein-hound '251 in the plasma could be attributed
to catabolism of normal haemopexin.

43% of total haemopexin was extravascular, mean extravascular
haemopexin being 0,77 times the mass of intravascular haemopexine.
Fractional catabolic rate was 1,53 times the intravascular hacmopexin

'311~f£brinogen

pool per day, compared with values of 0,3=0.4 for
(McFarlane, 1963) and 0.161-0.21 for '>' I-albumin (Matthews, 1957).

It was of interest that the plasma half-clearance times in the
two giroups investigated were significantly different: mean values were
2044 hours and 30417 hours respectively and a t-test carried out on the
half-clearance times gave the result n = 17, t = 8446, p ¢ 0,001, This
may be due to a batch defect in the hoemopexin or in the animals used

for the experiments, although obvious factors were excluded. The rabbits

were of similar strain and weight, experimental procedure was carefully
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controlled and preparative methods for haemopexin were common to all
samples. Source of rabbit serum was also excluded, as animals in Groupa 1
and. 2 hoth received haemopexin purified from the servm of rabbits

injected with j—methylcholanthrene; The diffcrence in plasma half-clearance
times was approximately 30% and from a biological viewpoint this could

be less significant thon statistical analysis indicated.

Haemopexin turnover in haem-loaded rabbits
In rabbits injected witﬁ 25 mg haem, total haemopexin haem binding
capacity was calculated to be 0,7~1.6 mg'haeh;Lgé mév:gcm saturated
endogenvus and labelled haemopexin, excess haem beigg_rapldly bound
by albumin, The 5 minute plasma samples, electrophoresed in starch gel,
showed metheemalbumin in the plasrka,
Coumparison of plasma lzsl-&aunopexin clearance curves in normal
and haem~-loaded rabbits showed that the haem-haemopexin gomplex was
rapidly eliminated from the plasma, In haem~loaded animals 907 of the
labelled protein was clecarcd from the plasma within 8 hours of injection,
Following injection of 25 mg haem, immunoquantitation showed that
plasme haemopexin concentration fell by 27«50% within 8 hours, Over
the same period, l251-activity in the starch gel hacmopexin zone decreased
by 907 and continued to decline, indicating that the rise in plasma
haemopexin concentration after B«12 hours was caused by newly synthesised
haemopexin, Low plasma haemopexin levels coincided with methaemalbuminscemia,
The results indicated that rapid elimination of the haem-haemopexin
complex from the plasma was promptly followed by catabolism of the
complex, Excretion data obtained in a catheterised rabbit showed that
55% of injected activity was present in the urine as non-protein=bound
’251 within 8 hours of I251--haemopexin injection, Evidence for increased
haemopexin catabolism was also obtained from compartmental analysis

of the plasma activity curve! mean catobolic rate was 3«4 times higher

than in normal animals,
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Injection of haem also affTected haemopexin distribution: in rabbits
receiving 25 mgz hacn a larger fraction of total hacmopexin was located
in the cxtravascular poole Extravascular hacmopexin, expressed
as a fraction of the intravascular haemopexin mass, incrcased by 3=4 times.

In onimals recelving 1,75-4.0 mg haem, because the haem was injected
prior to I25I--hm:mopexi.n, the haem was bound by endogenous haemopexin
leaving a variable amount of excess hoem available for binding by labelled
haemopexin, The smount of haem~haemopexin complex formed depended on the
haem binding capacity of endogenous haemopexin in relation to the dose
of injected haem,

In animals injected with 1.75 mg haem, endogenous haemopexin cleared
the injected haen before administration of labelled haemopexin and these
animals gave results which fell within the normal range., The initinl
rapid fall in plasma actlvity in animals receiving 2 mg and 4 mg haen
was caused mainly by elimination of the haeme~haemopexin complex from the
plasmat equilibration of labelled haemopexin ond haemshaemopexin and
catabolism of residual hoem~free haemopexin also contributed to the
initial decrease in plasma activity. Catabolic rate in these animals
was approximately 1.5 times higher than normal and extravascular haemopexin
axpressed as a fraction of the intravascular haemopexin mass, increased
by 145=2 times.

llnemopexin_turnover in rabbits with intravascular haemolysis
To investigate the effect of a single haemslytic episode on plasma

haemopexin turnbver. 59Fedhaemoglobin equivalent to 24 mg hoem was

injected intravenously into a rabbit. Following haemoglobin injection,
absence of methaemalbumin in the plasma was demonstrated by starch gel
electrophoresis of plasma samples, Illaemehaemopexin was present in sarch
gel, but this band did not show the fall in concentraticn vhich was observed
3 hours after injection of 25 mg haem, Thus, there did not appear to be

a significant increose in hoemopexin catabolism following a single
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injection of haemoglobin, After haptoglobin saturation, plasma
clearance of hnem~globin dimer by the kidneys occurred and when the
absorptive canacity of the renal tubules was excceded, activity appeared
in the urine. |

As an alternative to haemoglobin injection, phenylhydrazine was
administered to induce intravascular haemolysis. Prior to 1251-haemopexln
injection, plasma samples of phenylhydrazine-treated rabbits were
electrophoresed in starch gel; haemoglobin and methaemolbumin were present
in the plasma,

Phenylhydrazine~treated rabbits gave similar results to rabbits
receiving 2 mg and 4 mg haem! catabolic rate was epproximately 1.5 times
higher than in normal animals and extravascular haemopexin mass increased
by 1.5-2,0 times, Thus, in rabbits with phenylhydrazine~induced haemolytic
anaemia and consequent liberation of haemoglobin into the plasma, haemopexin

plays an important part in the elimination of haem from the circulation,

CLEARANCE OF JFe-HAEM FROM THE PLASHA

The results confirmed that rate of elimination of haem depended
on the amount of haem injected (Mliller~Fberhard et al., 1969)s Small
doses of haem were cleared from the plasma at a faster rate than large
amounts of haem,

Vhen the dose of 59Fe-haem did not exceed the binding capacity
of endogenous haemopexin, clearance was consistent with removal of hoem
from a homogencous plasma haem pool of haem-haemopexin: clearance of the
59?e label was described by a single exponential function with a mean
halfeclearance time of 0,6 hours, The similarity in rate of haem
clearance and the initial component of haemopexin clearance in the
same rabbits was in accordance with removal of haem from the plasma

as a complex with haemopexin.
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In cnimals receiving 25 mg haem, the plasmn 59Fe clearance curve
was evaluated into two exponential functions, indicating the presence
of two or more haem pools, of which haem~haemopexin and methecmalbumin
were the most important. 90% of the injected activity was eliminated
from the plasma between 8 and 17.5 hours after zero time, with o half-
clearance time of 2.0«3.,75 hours, Catabolic ratc was approximately
four times the intravascular haem pool per day. As an intravascular
haem pool is not present in normal rabbits this may suggest that four
times the injected duse can be eliminated per day.

Rapid elimination of haem from the plasma as a complex with
haemopexin has two physiologically important functiony: iron leoss
from the body is rrevented =nd ranid removal of haem from the plasma
may have bacteriostatic significance. Iron is essential for bacterial
growth and there is evidence that acquisition of iron from the host
is a fundzmental feature of bacterial pathogenicity. Unsaturated
transferrins in serum and milk prevent bacterial growth (Bullen, Rogers,
and Griffiths, 1972) and bacteriostasis is reversed by saturating the
proteins with iron, Clinically, increased susceptibility to infection
has been noted in various haemolytic disorders and Kaye, Gill and Cook (1967)
demonstrated incrensed suscentibility to salmonellosis in mice treated

with phenylhydrazine.

THE ROLE OF HAEMOPEXIN IN PLASHA HAEM CLEARANCE

Haemopexin is catabolised in the process of transporting haem
to the liver and can be placed with haptoglobin in the group of "sulcidal”
proteins (Freeman, 1964). Since haem~haemopexin is rapidly catabolised,
the amount of haem removed by endogenous haemnpexin would not exceed the
total haemopexin binding capacity of 0.5-2.0 mg haem. Thus, removal
of 25 mg haem from the plasma by haemopexin would require increased

haemopexin synthesis to accommodate the haem load.
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It is not knowa Il hawit is trensferred to tiw liver by metnaeralbumin:
present evidencs sugeesis thot his is unlikely. ddiler-cberiard et ale,
1239) demonsteated rapid In vive transler of haen Trow meihaenalbumin

1351

to hacnopexin in the rabbit and showed that - I-labelled albumin and

rethaerolbunin were clceared fron the plasmo ol the sone rate, with
a half-clcarence time of 4.5-5.5 dayse. They concluded that most, if not
all, circulating hoes is removed from the plasma in the form of the haem-
haemopexin conplex.

The 3-4 ol increase in haemopexin turnover observed in rabbits
receciving 25 mg haem is insufficient to account for the entire elimination
of 25 mg; haem within 12 hours of injection. In the presence of methaemalbumin,
a large proportion of newly synthesised haemopexin would bind haem and
be rapidly cataboliseds It is likely that, as hepatic parenchymal cells
are probably the site of heemopexin synthesis and catabolisin, rapid
transfer of haem from methoemalbumin to haemopexin could occur within
the liver in close proximity to hepatic parenchymal cells. The haem-
haemopexin complex would then be very repidly climinated and most of the
haem transfer process would be beyond the reach of the methods of investigation
used, In animals receiving heem, it is probable that the rise in catabolic
rate understated ihe extent Ly which synthesis rate was increased and
plasma hoenopexin concentration gave a poor indication of the extent
of incrense in synthesis pate and the size of the total heemopexin poocl.

Thus it is possible that haem transfer to hepatic parenchymal cells
is o specific function of hoemopexin, However, in subjects made haemopexin
deficient by hoem injection or chronic intravascular haemolysis, only
methaenolbunin is present in the plasma'and yet haem continues to be
eliminated, although at a slover rate than in normal subjects (Sears, 1970).
Sears injected cpproximately 1 mg Sg?e—haem per Kg body weight into

normal and haemopexin deficient humen subjects, Clearance of haem from

the plasma of normal subjects was described by a single exponential
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function of half-clcarance time 7.8 hours, whereas, in haenopexin deficlent
plasna, haem clearance was described by two exponential functions of mean
half-clcarance times of 5.9 hours ond 22.2 hours respectively, 59Fe-hnem
clearance in the rabbit in the present invesltigation was consistent with
tiiese results, In haemopexin deficient subjects, transfer of hoem from
nethaemalbumin to newly synthesiscd haemopexin could take place in the
liver in the vicinity of the parenchymal cells, If this occurred, the
apparent clearance rate of haem from wmethaemalbumin would reflect the

rate of production of newly synthesised hacmopexin by hepatic parenchymal

cells,

In conclusion, the present experiments showed that lchelled
haemopexin wes eliminated from the plasma of neormal rabbits with a half=-
clearance time of 20:+350 hours, compared with values of 2.5-3.0 days for
'S‘I-fibrinng;en (McFarlane, 1963), 5.0-8.4 days for lj‘l-albumin and
545-7+0 days for '°'I-gamma globulin (Schultze end Heremans, 1966).,
Clearance was consistent with catabolism of normal, haemnefree, haemopexin,

In haem-loaded and phenylhydrazine-trecated rabbits, the increased
turnover of haemopexin is explained by the rapid elimination of the haeme
haemopexin covmplex {rou {he piasma followed by catabolizm of the complex,
As haemopexin is catabolised as a result of its haem clearance function
it may be regarded as "suicidal™ and placed in the same group as haptoglobin
(Freeman, 1964).

The role of methaemalbumin in plasma haem clearance has yet
to be determined. However, it is probable that methaemalbumin acts
as a plasma storage reservoir for haem when haem levels exceed the
haemopexin bhinding capacity and transfer of haem to hepatic parenchymal
cells may be a specific function of haemopexin, It is likely that the
haemopexin synthesis rale is capable of a marked increase in response

to rising levels of plasma haem,
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Hemopexin metabolism in the rabbit

R. 8. LANE, D. M. RANGELEY London, England II. H. LIEM, S. WORMSLEY,
and U, MULLER-EBERHARD La Jolla and San Diego, Calif.

Plasma clearance of homologous '25|-hemopexin has been studied in 18 rabbits;
from the experimental data the following mean values were determined: {1} plasma
half-clearance time, 22.7 hours; {2) catabolic rate (fraction of the intravascular
pool per day), 1.57; (3) extravascular hemopexin, {fraction of intravascular
hemopexin), 0.8; and {4) absolute total hemopexin catabolized per day, 66 mg.
Data for the clearance of '25|-hemopexin from the plasma was shown by computer
analysis to fit a pattern described by a double exponential equation of the type,
y = Ce b1t + Ce b2t where C), C,, and b, b, were the y axis intercepts and rate
constants of the slow and fast components of clearance, respectively. After
intercompartmental equilibration was complete, the exponential manner of
125].hemopexin plasma clearance was consistent with fractional catabolism from a
homogeneous pool. The methods for purification of hemopexin and their possible
effect on the metabolism of this protein are discussed.

’I‘he physiologic role of hemopexin as a specific heme-transporting protein
has recently been reviewed® and no published information about the metabolism
of this protein is currently available.

Accordingly, plasma clearance of *°I-labelled, purified homologous hemo-
pexin has been studied in the rabbit. The results are deseribed here and attention
is drawn to certain problems connected with this work which may be of impor-
tance in the planning of future metabolic experiments with hemopexin.
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Table I. The data of the 4 experimental groups of rabbits are shown. Also shown
for each group are the mean values for y-axis intercept, T14, and rate constants
of components A and B; values for catabolic rate and extravascular hemopexin

were derived from compartmental analysis of the plasma clearance curve

S Extra
ource Y-0xis Half vas-
. of ntercept ! clearance Cata- | cular
prasma i fraction of time Rate bolic | hemo-
No. in han';)- wéfZ;Zt wnjected dose (hours) constant rate | pexin
Group | group | pexin | (kg.) c, c, A B b, b, K, |Y/X
1 5 Normal 2.99 0.453 0.533 20.7 240 0.804 6.93 1.56 0.71
serum  (0.48) (0.058) (0.046) (1.12) (0.72)
2 3 Induced 2.33 0.349 0.644 225 223 074 7.74 179 1.06
3-MC
3 4 Induced 2.39 0.429 0.569 18.8 3.31 0.884 5.02 1.68 0.60
lead (0.63) (0.068) (0.069) (0.24) (1.65)
acetate
4 6 Indu.ccd 2.32 0.348 0.620 28.8 3.04 0.58 4.5 1.25 0.83
3-MC (0.055) (0.050) (2.09) (0.55) ’
Materials

New Zealand white rabbits (1.8 to 3.2 kilograms) were used in all experiments and were
maintained on a standard diet.

Preparation of hemopexin. Rabbit hemopexin was purified from pooled serum of normal
rabbits or from rabbits in which raised serum hemopexin levels and been induced with lead
acetate? or with 3-methlycholanthrene (3-MC).10 Hemopexin was purified from serum by the
perchloric acid method!? which was then followed by the purification technique of Muller-
Eberhard and English.6 Each batch of purified hemopexin was labeled with 125Iodine mono-
chloride (New England Nuclear Corp., Boston, Mass.) according to the method of McConahey
and Dixont and through the courtesy of Dr. F. J. Dixon, Jr. By this method, 0.1 fo 0.2 atoms
of iodine were bound to each molecule of hemopexin. Speeific activity of the labeled hemopexin
samples was determined and found to vary between 1.59 x 107 and 1 x 108 d.p.m. per milli-
gram of hemopexin.

Labeled, purified hemopexin was shown to bind heme in normal equimolar proportions.
Purity of hemopexin and the presence of hemopexin aggregates was assessed by cleetrophoresis
in polyacrylamide gel.! Serum hemopexin concentration was determined by quantitative radial
immunodiffusion.2 Since purified hemopexin in solution tends to undergo aggregation, after
jodination, the labeled protein was added to a purified homologous transferrin solution of 0.5
to 2.0 mg. per milliliter of protein concentration. In this form, hemopexin underwent negligible
aggregation.

Methods

The determination of hemopewin plasma half-clearance time. Eighteen rabbits com-
prised the 4 groups studied, each group receiving one batch of hemopexin (see Table I). The
experiments were carried out as follows: Rabbits were housed in metabolic cages and weighed
each day; 4 days prior to the experiment, iodine was added to the drinking water at a con-
centration of approximately 0.05 per cent and maintained for the duration of the experiment.

125]-hemopexin was diluted with isotonic saline to give a protein concentration of 50 ug
per milliliter; a weighed sample and standard were then prepared. The marginal vein of the



Yolume 79 HHemoperin melabolism 937
Number 6

left ear was cannulated and a small blood sample taken for estimation of hematoerit. At zero
time, 100 g of 125T-hemopexin were injected and washed through the cannula with 2 ml. of
isotonie saline. After 3 minutes, n 0.5 ml blood sample was taken from the opposite ear and
further venous samples were taken at intervals during an 80 hour period, by which time
plasma 1250 activity had dropped to less than 5 per cent of the injected dose. Radionetivity
and hematoerit were determined on each blood sample and radioactivity was expressed ns
count. minute-l, ml-1 plasma. Appropriate, weighed standards of 125I-hemopexin were also
counted. All 125T aetivity was determined in a well-type scintillation counter and under the
conditions used, the counting error was within 1 per cent of the total counts mensured. Plasma
volume was caleulated on the basis of body weight.

In Group 4 experiments, besides the estimation of radionctivity and hematocrit, the
pereentago of nonprotein-bound 1251 in all plasma samples was estimated. For this purpose
ion-exchango resin was used (Iobends: inorganic iodine resin for protein-hound-iodine estima-
tion, Teehuicon Chemieal Company Inec,, Tarrytown, N. Y.) because of the high solubility of
hemopexin in acid solution prevented its complete preeipitation from plasma with either tri-
chloroncetie acid or phosphotungstic acid.

For the analysis and graphic resolution of experimental data and caleulation of meta-
bolic rate, the procedure and nomenelature adopted by Matthewss was used throughout. Plasmn
125] levels were caleulated, then expressed as a fraction of the injected dose and plotted against
timo on semilogarithm paper, permitting graphic resolution of a plasma curve with two com-
ponents .4 and B. From the graph and by computer analysis by the method of least squares,
tho slope, y-axis intercept, and half-clearance time of each ecomponent was determined.

Becauso plasma hemopexin was rapidly catabolized, experiments were concluded early on
the fourth day, and it proved difficult to make accurate 24 hour collections of rabbit urine and
feces for determination of excreted 1251 activity. Instead, a total collection was made over a
5-day period commencing at the time of hemopexin injection. The total exereted 1251 activity
was estimated and expressed as a pereentage of the injected dose.

Results

Electrophoresis, speetrophotometric assay, and heme-binding estimations
indicated that the labelled hemopexin was pure, heme-free, and biochemically
active protein in monomerie form. As explained, the monomeric state was well
preserved when hemopexin was stored in homologous, purified transferrin
solution.

During the experiments recorded here, all the rabbits remained healthy and
increased in weight. Two rabbits were excluded from the series because they
developed respiratory infections which affected the metabolism of hemopexin.

In 6 cxperiments of Group 4, non-protein—bound **°I in plasma reached its
maximum level approximately 24 hours after injection, when a mean value of
2.4 per cent free %I (S.D. 0.42) was determined. This showed that in vivo loss of
hemopexin label ocecurred only as a result of normal hemopexin catabolism.

In all experiments, recovery of *?°I in the pooled urine and feces from a 5-day
collection was estimated and found to be between 87 and 92 per cent of the
injected dose.

Hemopexin plasma clearanee curves were drawn, the example shown in
Fig. 1 heing characteristic of the series. The curve was resolved into components
A and B, each described by an exponential function and having y-axis intercepts,
C, and C, and slopes b; and b., respectively. The half-clearance time (T14) of
cach component was determined. After approximately 20 hours, the plasma
clearance curve became linear (Component A) and remained linear until **°1-
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Fig. 1. The pattern of plasma clearance of homologous 125I-labelled hemopexin in the rabbit is
shown. The curve is deseribed by the double exponential equation y — Cje-bit + C,e-bat

C; and C,; being the y-axis intercepts, and b,, b, the rate constants of components 4 and B,
respectively, of the plasma clearance curve. The T% of components 4 and B was 27.5 and
3.1 hours, respectively.

hemopexin activity in plasma was less than 5 per cent of the injected dose, at
which point experiments were terminated. Points lying along component 4 in the
18 cxamples studied were used to calculate the correlation coefficient for each
line. Individual results for the eorrelation coefficient were within the range 0.965
to 0.996 indicating that, in each case, the points were a close fit to a straight
line deseribed by the exponential term Cebt,

In Table T are shown: (1) The mean values from each Group for C; and C,,
the T14 (hours), and rate constants by, and b, of components A and B, respec-
tively. Standard deviations, where calenlated, are shown in brackets. (2)
Catabolic rate K, calculated from:

1
© Cy/by + Co/by
expressed as a fraction of the intravascular hemopexin pool per day. (3) Extra-
vascular hemopexin (Y) derived from:
CiC; (b, — hy)?
(Cibs + Cqby)?

expressed as a fraction of the intravascular hemopexin pool (X).

X,

Y =
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Plasma hemopexin T14 for the whole series was approximately 1 day:
expressed as a fraction of reported values for T14 rabbit albumin and IgG':
and rabbit fibrinogen,® values of 0.1 to 0.2 and 0.3 to 0.5, respectively, are
obtained. Mean T4 values for component I were between 2.23 and 3.94 hours.
Equilibrium of injeeted hemopexin hetween the intravaseular and extravascular
compartments was complete within approximately 20 hours, that is, approaching
the plasma T14 of hemopexin,

Y-axis intereept valnes C, and C, were 0.35 to 0.45 and 0.53 to 0.64, respee-
tively, and compared favorably with the results of similar investigations on
homologous albumin and IgG in rabbits.® These results confirmed that the in-
jeeted hemopexin contained only insignificant amounts of denatured or ag-
gregated protein.

Catabolic rate K;, expressed as a fraction of the intravaseular hemopexin
pool eatabolized per day, was determined from compartmental analysis to be
1.57. Extravaseular hemopexin was caleulated to be 0.75 times the intravaseular
hemopexin pool. Mean plasma hemopexin concentration in 12 rabbits was 44.2
mg. per 100 ml, (S.D., 15.4) compared with other published values of 60 mg. per
100 ml. with a range of 40 to 82 mg. per 100 ml.” Assuming a rabbit weighing
2.5 kilograms, to have a blood volume of 175 ml. (7 per cent of the body weight)
and a hematoerit of 40, total intravascular hemopexin would be 44.4 mg.

The following values for rabbit hemopexin can be caleulated: (1) Catabolic
rate (fraction of total hemopexin pool per day) equals 0.84; (2) extravascular

hemopexin (Y) ecquals 35 mg.; (8) absolute hemopexin catabolism per day
equals 66 mg.; and (4) total hemopexin-heme binding capacity equals 0.44 mg.

To caleulate total heme binding by hemopexin, the molecular weight of heme
was taken to be 617 and of hemopexin 63,0007 : equimolar binding of heme with
hemopexin was assumed.

Discussion

Data from the clearance of **I-hemopexin from plasma was shown by
computer analysis to fit a pattern deseribed by the double exponential equation

y = Cie™t ¢ Coetet

where C;, C. and by, b, are the y-axis intercepts and rate constants of the plasma
clearance components A and B, respectively. After intercompartmental equilib-
rium was complete, hemopexin clearance was consistent with fractional
catabolism from a homogenous pool. In the steady state, the pattern of clearance
was also consistent with hemopexin, having a reversible equilibrium between
plasma and the extravascular compartment with irreversible exit from onc of
these compartments. Since it was probable that hemopexin was catabolized in a
heme-free state from a homogenous plasma pool, the same form of compartmental
analysis used in metabolic experiments with rabbit albumin and IgG® was
applied to the analysis of hemopexin: it assumed that hemopexin catabolism
occurred within the intravasecular compartment.

Clearance data also indicated that hemopexin used in these experiments was
pure, undenatured, and not aggregated: values for C; and C; and the rate of
deerease in plasma %1 activity during the early phase of intercompartmental
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equilibration were within acceptable limits; values for the level of nonprotein-
bound **°I in plasma could be ascribed solely to normal hemopexin catabolism.
These values are affected if the injected sample contains significant amounts of
nonviable protein.

Thus it was significant that the hemopexin plasma T14 of Groups 1 to 3
should differ from that of Group 4 (t = 7.24; N = 16; P 0.001), since a
discrepancy of this type might suggest a batch defect either in the hemopexin
or in the rabbits used in the experiments. Obvious factors were excluded: the
rabbits were of similar strain, weight, and source of supply; experimental
procedure was carefully controlled, and preparative methods for hemopexin were
common to all samples. The source of hemopexin, from induced rabbit serum,
was also excluded as a causal factor since Groups 2 and 4 both received hemo-
pexin obtained from 3-MC-induced rabbit serum. From a biologic viewpoint
the difference in plasma hemopexin T14 between CGroups 1 to 3 and 4 was
approximately 30 per cent and could be less significant than statistical analysis
indicated.

The desirability of using perchloric acid in the preliminary stages of
hemopexin isolation from serum is questionable when the pure hemopexin is
required for metabolic experiments. Hemopexin purified in this way has been
suceessfully used for the determination of its physicochemical characteristies,®
but this does not exclude the possibility that hemopexin prepared in this way is
altered enough to affect its metabolism when compared with native hemopexin.
The hemopexin used in these experiments was shown to be biochemically active
and it was assumed that, in vivo, it formed an homogenous pool with the
endogenous hemopexin. A comparison with hemopexin prepared by less stringent
methods is desirable, but at present not possible: The perchloriec acid stage in
hemopexin preparation inhibits protein aggregation once the hemopexin is
purified, probably by oxidation of one or more labile sulthydryl groups on the
molecule. While the extent of this oxidation may influence hemopexin metabolism,
the aggregation of protein which oceurs in other hemopexin preparations presents
an even greater hazard and such material is entirely unsuitable for measurement
of fraetional catabolic rate.

R. 8. Lane thanks Dr. A. S. M(:F_arlane for his advice.
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Summary. Plasma clearance of *#*[-labelled rabbit hacmopexin has been studied in
six normal control rabbits and in a test group of rabbits hacm-loaded with 25 mg of
hacm.

Following intravenous an(.Ctloll cquilibration of '#3[-hacmopexin between
mtrav.ncuhr and extravascular compartments appeared to be complete within
2.4 hr and the decline in plasma activity then became constant in rate. The plasma
activity curve was resolved into two exponential functions of time and from the
data, fractional catabolic rate, intravascular:extravascular distribution of hacmo-
pexin and total haem binding capacity were calculated.

Contral group. Mcan plasma halfclearance time of hacmopexin was 20.3 hr;
fractional catabolic rate was 1.8 (S 0.19) times the intravascular hacniopexin pool
per day. Extravascular hacmopexin was 0.6 (SD o. II) times thc mass of hacimopexin
i the intravascular pool.

Test group. 90-95%, of injected ‘ZSI—actxvxty was climinated from the plasma
with a mean half-clearance time of 1.57 hr and was associated with a significant
urinary excretion of labelled jodine. Fractional catabolic rate was 5.84 (SD 0.3)
times the intravascular hacmopexin pool per day and extravascular hacmopexin was
3.38 (SD 1.03) times the mass of hacmopexin in the intravascular pool.

Hacmopexin concentration in normal rabbit plasma was 31-52 mg /roo ml;
intravascular plus extravascular hacmopexin was 54.5 mg (mean value) and total
hacm binding capacity of hacmopexin was 0.53 mg (mcan valuc).

Intravascular hacm rapidly complexed with hacmopexin and the data suggested
that this complex was promptl—y climinated from the plasma and the hacmopexin
catabolized. o

The glycoprotein hacmopexin binds haem {Aber & Rowe, 1966) and s mvolved in s
elimination from the plasma (Sears, 1968, 1970; Muller-Eberhard ef al, 1969). 'The plasmia
concentration of hacmopexin decreases after administration of hacm to humans and rabbits

Correspondence: Dr R. S. Lane, M.R.C. Experimental Flacmatology Unit, St Mary’s Hospitd Medical School,
London W2 1PG.
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(Scars, 1968, 1969) and there is evidence that, after binding haem, hacmopexin is climinated
from the plisma as the haem=hacmopexin complex (Mullee-Eberhacd o al, 1970). Sears
(1969) observed that depletion of plasma hacmopexin levels after hacmatin injections could
result cither from inhibition of synthesis, or, more probably, by enhancement of clearance
of hacmopexin from the plasma.

Plasma clearance of labelled hacmopexin has been studied in normal rabbits (Lane et al,
1972) and the ctiect of intravascular haem on the catabolism of hacmopexin has now been
investigated. These resules are presented in this communication.

MATERIALS AND METHODS

The preparation of materials and the methods used for the study of plasina hacmopexin
clearance in normal rabbits have been fully described clsewhere (Lave ef al, 1472) and the
present experiments were carried out in a similar manner. New Zealand white tabbits
weighing 1.9-2.7 kg were used.

Experiments were performed with a single batch of purificd rabbit hactmopexin which
was labelled with '2°T according to the method described by McConahey & Dixon (1966)
using [ in 0.'?*1 N reductant-free sodivum hydroxide. Specific activity of the labelled hacmo-
pexin was 6x 10® dpm per mg hacmopexin. Crystalline haem was purchased from Koch-
Light Laboratorics Ltd: for use, hacm samples were dissolved in 0,15 m sodium carbonate
solution. Plasma samples and appropriate '?°[-hacmopexin standards were counted on a
Packard Autoganmuma Spuhomctgr counting error was within 1% of the total counts
measured. Blood volume in the rabbits was hl\m to bc 7% of body weight (Wiscman &
Irving, 1963). ‘

Starch gel electrophoresis. Plasma snuplw from rabblts receiving bacm and lncmopmm
were studied by strchogel clectrophoresis. The bridge buffer was prqnmd ftom 0.3 i boric
acid and 0.06 M sodium llydrO\ldc pH 8.2; for thc gel buffer, 1 vol of bridge bll“Lf was

diluted with 9 vol of distilled water. Samples ofplasma (50 pul) were applicd ro the gel and -

were clectrophoresed vertically at 2.5 V/iem for 16 hr at 4°C. The complgtul el was sliced
and stained to show haem with a mixture of equal volumes of 1% benzidine in 9o% acetic
acid and 3% hydrogen peroxide. After staining, the haemopexin bands were cut from the
gel and their '?3[-activity determined.

Sclected samples of rabbit plasma were used for the estimation of hac ‘mopexin concen-
tration by quantitative radial immunodiffusion (Mancini ¢t al, 1965) according to the
modification of Smibert et al (1972). A

The study of haecmopexin clearance from the plasma of normal and hacmi-loaded rabbits
was carried out in two groups of animals. Controls were six normal rabbits which cach
received an intravenous injection of 100 pg '2°I-haemopexin in isotonic saline. After com-
pleting this experiment, these rabbits were rested for 3 weeks and then wied again in the
test group, to which an extra rabbit was added making a total of seven. Test rabbits had an
intravenous catheter passed into the lateral vein of the left car: through this catheter, 25 mg
haem in 2 m! of sodium carbonate solution was slowly injected and washed in with 2 ml
of isotonic salinc; this was followed 5 min later by 100 pg '**I-hacmopexin, also washed in
with 2 ml of isotonic salinc. .
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After the injection of '*3I-hacmopexin at zero time, 1 ml blood samples were taken ac
intervals during a period of 96 hr. Aliquots of plasiaa were taken for determination of radio-
activity, pl.uma hacmopexin concentration, starch gel clectrophoresis and non-protein-
bound "% activity. Urine and facces were collected for a total of 5 days and the '231 content
determined and expressed as a percentage of the injected dose. In the extra rabbit added to
the haem-loaded test animals, urine samples were obtained after inserting a self-retaining
catheter into the bladder. This procedure, carried out 3 hr before the injection of hacm,
permitted more exact information to be obtained on the urinary excretion of "%

RESULTS

The labelled, purified hacmopexin was shown to be haem-frec and hiochemically active
protein in momomeric forin by carrying out polyacrylamide gel clectroplorests, spectro-
photometric analysis and hacm-binding estimations as described by Flrkal & Muller -Eberhard
(t971). In addition, during the metabolic experiments, the rabbits remained healthy and all
increased in weight.

Control Rabbits

The methods and terminology of Matthews (1957) were used for the analysis of plasta
clearance data: by computation with the curve stripping procedure the plasma nctivity curve
was shown to be described by an L\pOlILl](l.ll cquation of the form y = C,¢ P14 Cye
where coefficients C,, €, arc the y-axis intereepts and by, b, the respective rate constants.
The plasma clearance curve from a Control rabbit is seen in Fig 1{a): two exponentials are
shown with respective rate constants by and b, ; equilibration of '#*I-hacmopexin between
intravascular and extravascular compartnients was apparently complete 24 he after zero
time and the rate of plasma hacmopexin clearance then became constaug, C umputul values
for the correlation cocthicient of points lying ,\long exponential G "" |
varicd betwieen 0.082 and 0.991 mdlmtmb that, in cach casc, these points were a close fit to a
straight line. For cvaluation of the pl.mrn activity carve, a three compaitment form of
ummmlllary model was used as shown in Fig 2. When calculating catabolic rate K, it was
assumed that labelled hacmopexin was in a state of reversible cqunllbrmm between intra-
vascular and extravascular compartments with irreversible exit from the former.
Catabolic rate was expressed as the fraction of the intravascular pool catabolized per day:

in the six controls

I
Cl/bl + Cz/bl
Extravascular hacmopexin Y expressed as a fraction of the intravascular hacimopexin pool X
was calculated from the following equation:
- 2
KlJX)?_ClCZ( .—-b)
K31 (Cl b2+C2l’i)

X was determined for a rabbit weighing 2 kg with an assumed plasma volumc of 4.2% of
body weight using the mean value for plasma hacmopexin concentration obtained from 12
estimations.

In control rabbits, plasma half- clc1r1nu. time of hacmopexin was 20.3 hr (SD 0.92).

-
f\xz =

Y:

<
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F16 1. (a) Plasma clearance of ' 231-labelled rabbic hacmopexin in a normal control rabbic from Group 1.
The curve is described by the exponential cquation y = Chre =3+ Cye =*2° where C,, C, are the
y-axis intercepts and by, b, are the respective rate conseants. Mean values for t of exponentials Cye -22¢
were 20.3 and 3.37 hr respectively. (b) Plasiia clearance curve of 25 -hacmopexin o a Tnem-Taaded
rabbit from Group 2. In the example shown, §7% of the injected activity was cleared frono the planma
with a half~clearance time of 1.9 hr. The initial rapid plasma clearance of '2%1 is ascribed to the rapid
elinination ot hacm-'**J-hacinopexin from the plasma.

I
| —~——— 3
k3
K2
. 2 .

Fic 2. A three-compartment form of mammillary model used for the evaluation of plasma *25[-
haemopexin clearance (after Matthews, 1957). Compartment 1 = intravascular proteiu; compartment
2 = urine-+ facces; compartaient 3 = extravascular protein. The label was injected into compartment
1 equilibrated with compartment 3 and was assumed to have irreversible exit from conpartment 1 to
urine and faeces in compartment 3. .
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PG 3. Starch gel cleccrophorests of plasia samples from a rabbit in Group 2: this tabbit was injected
with 25 myg of hacm and then with 100 gg '**I-hacmopexin. The gel is stained with a solution of
benzidine in hydrogen peroxide to show haem. Haem bound to hacmopexin and 1o albumin are
marked while the free plisma hacmoglobin is marked, but can be distegarded. From Lofr ro righe,
plasma samples taken at 3 min, 30 min, 3, 8, 14, 24, 48 and 72 hr after the injection of aem and
Libelled hacmopexin. The volume of plasma in cach insert was 5o ul.
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Coethicient € expressed as a fraction of the injected ¥ I-activity was o.31 (SD 0.03);
cocthicient €y == 1-C,. Rate constants by and b, were 0.81 (S 0.09) and p.o4 (SD 0.23)
respectively. Catabolic rate Ky, was 1.8 (SD 0.19) times the intravascular bacmopexin pool
per day; plasma hacmopexin concentration was 31-52 mg/100 ml in 12 cstimations and
extravascular hacmopexin ¥ was 0.6 (SD o.171) times the mass of intravascular hacimopexin X,

123 [-activity in the pooled urine and facces was 88%, (SD 2.3) of the injected dose. In the
plasma tested, plasma activity in the form of non-protein-bound "2 [ did not exceed 4.3%,.

Haem=loaded Rabbits

Fig 1(b) shows the plasma hacmopexin clearance curve obtained from a rabbit intraven-
ously loaded with 25 mg hacm. In this instance, 87% of the injected '2*1-activity was cleared
from the plasma in § hr. The plasma activity curve in hacm-loaded rabhits also contained
two exponentials of which Cye™ "1 merely represented the plasma clearance ot a residual 597,
of the injected activity.

90-95%, of injected activity was climinated from the plasma with a mean haltclearance
time of 1.57 hr. Cocfficient C; was 0.071 (SD 0.037) % of the injected activity; rate constunts
by and by were 0.69s5 (SD 0.126) and 10.6 (SD 1.73) respectively. Catabolic rate K, was
5.84.(SD 0.3) times the intravascular hacmopexin pool per day and extravascular hacmopexin
¥ was 3.38 (SID 1.03) times the mass of intravascular hacmopexin,

Pooled urine and facees contained 84-92%, of the injected activity: in the catheterized
rabbit, 85% of the injected '2*I-hacmopexin was climinated from the plasma with a half-
clearance time of 2.1 i and afrer § hr 42%, of the injected activity had been recovered in
the urine as non-protein-bound '?2°1. Plasma non-protein-bound '2*1 did not exceed 4.9%,
of the plasma activity during the initial 24 hr of the experiment. -

Starch gel clectrophoresis of plasma samples obtained from a hacm-loaded rabbit is
shown m Fig 3: hacm-hacmopexin and hacm-albumin bands are marked and the free
hacmoglobin in the plasma can be disregarded. The 3 min plasma sample shows that the
injected hacm was rapidly bound to hacmopexin and albumin. Haem bound to hacmopexin
quickly decreased in concentration to reach a minimum at 3 hr after zero time; in the presence
of hacm-albumin, this loss of hacm-staining reflected a fall in hacmopexin concentration.
After 3 hr, hacin-staining increased in intensity in the region of the hacmopexin band and
reached a peak approximately 24 hr after zero time.

Immunoquantitation data on haemopexin concentration in plasma samples from three
haem-loaded rabbits arc shown in Fig 4. The results are complimentary to the electrophoretic
pattern described above. Following the injection of haem, there was a rapid fall of 32-48%
in the resting plasma hacmopexin concentration; minimum levels of plasina hacmopexin
were rcached atter 3 hr, but after 8-12 hr haemopexin concentration increased and returned
to resting levels 24-48 hr after zero time.

Combining the results of starch gel clectrophoresis and immunoquantitation, it can be
seen that the period of depressed plasma haemopexin levels coincided with the presence of
hacm-albumin in the plasma. While total plasma haemopexin concentration fell by up to
48% of resting levels within 8-12 hr after hacm injection, '**I-activity in hacmopexin
bands excised from the starch gel, decreased by more than 909 indicating that the increased
levels of plasma hacmopexin that followed comprised only endogenous hacmopexin,
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Fic 4. Plsima concentration of hacmopexin in theee hacin-loaded rabbits trom Group 2 thew results
are typical of results from the entire group. Following the injection of Taem, there was a rapid fall i
hemopexin concenteation which renmuained low during the period i which hacm-albinin was
demonstrable in the plasma. Onee hacin was eliminated from the plasina, nemopesin levels ineresed,
approxching resting values atter 24 hr,

DISCUSSION

The results obtained frown the six control rabbits in the present experiments were in close
agreement with those of an carlier study in €8 normal rabbits (Lanc ¢ ol.,, 1972).

Mauy variables were removed by using the same six rabbits and the same batch of Tabelled
hacmopexin in both control and hacm-loaded groups. The approximate haem-binding
capacity of endogenous hacimopexin'is 0.5 mg; therefore, 25 mg of hacwy injected into test
rabbits saturated the endogenous and labelled hacmopexin and the excess haem was rapidly
bound by albumin. It was assumed that the in vivo hacm-binding affinity of cudogenous
and labelled hacmopexin were the same.

Combining the experimental data from hacm-loaded rabbits it is clear that, following the
intravenous injections of haem and labelled hacmopexin, hacin rapidly complexed with
endogenous and labelled hacmopexin and with albumin. A marked deerease in both plasma
activity and plasma hacmopexin concentration was obscrved during the imtial 3 hr but,
after this time, plasma levels of hacmopexin started to increase while the (lecline in plasma
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activity continued. Wichin the initial 8-10 hr atter hacm injection, a signiticant fraction of

ijected activicy was excreted i the urine as non-precipitable fabelled fodine, also, approxi-
mately 90%, of the injected haem was ciminated frony the plasma,

These results weere best explained by the prompe removal of hacm-lacminpexin complex
from the p]:tsmn, followed by rnpid catabolistn of the haciopexin. fn v, h:u'nmlurxin
binds haem from hacm-albumin (Muller-Eberhard ef al, 1969) and, after wjection, haem-
haemopexin complex can be localized within the hepatic parenchymal colls (tdallov-Eherhard
et al, 1970). 1t is probable that albumin acts as a plasma storage rescrvoir for foem, when hacm
levels exceed the binding capacity of hacmopexin. Rapid catabolisne of hion licimopexin
would mean that the total hacmopexin pool could remove approximarcly v iy hact: for
25 myg of hacm to be eliminated from the plasma in the form of hacim-hacmops<in compley,
fractional catabolic rate of hacmopexin would have to increase considerably with the corres-
ponding demand on synthesis rate. In fact, values for K, in hacme-loaded vibbie, were
approximately 3 times greater than in normal rabbits but this degree of increased Tucmopesin
turnover would be insufficient to account for the entire climination of 25 tig hacnn in 12 he,

In hacm-loaded rabbits, the initial fall in plasma hacmopexin concentration was quickly
restored. In addition, calculation showed that a much larger fraction of the totl hasmopexin
pool was Jocated in the extravascular compartient in hacm-loaded rabbits. These results
were taken as indirect evidence of greatly increased rates of hacmopexin synthesis. However,
in the presence of plasma hacm-ablumin, much of the newly synthesized hacnsopesin would
bind hacm from the haeme-athumin and then be catabolized. In hacm-loaded aninals, there-
fore, plasma hacmopexin concentration gives a poor indication of the excent of mercase i
synthests rate and the size of the total hacmopexin pool.
 Teis interesting to consider that, it hepatcoytes are the centre both of hactopexin synthesis
and catabolism, rapid transfer of hacm from hacm-albumin o newly synthesiced hacuiopexin
could occur within the liver near the surface of the cells. The hacn-hacmopexin complex
so tormed would be very rapidly eliminated, thus a lacge part of the hacm-transter process
bevween haem-proteins would be beyond the reach of the methods of investigation cureently
in use. Haem transfer to hepatocytes may be a specific function of hacmopesin and it scems
possible that hacmopexin turnover can increase sufficiently for the climination of asignificant
hacin-load. However, tn subjects made hacmopexin deficicnt by hacm injections or chronic
intravascular hacmolysis, only hacm-albumin is present in the plasma yet hacnn continues to
be climinated although at a slower rate than is observed when hacmopesiin s present (Sears,
1970). In hacmopexin deficient subjects, it is possible that the apparent haem-clearance from
hacm-albumin is limited by the rate of hacmopexin synthesis; in this situation, haem-
clearance would reflect the rate of haemopexin production.
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