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ABSTRACT 

Haemopexin is q ham-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 
125 

of haemopexin turnover. For this reason* the metabolism of I-haemopexin 
has been studied in normal, haem-loaded and phenyltydrazine-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 was eliminated from the plasma with a half-clearance time 
of 20-30 hours* When haemopexin was haem-saturated in vivo* 90^ of the 
labelled haemopexin was eliminated from the plasma with ft half-clearance 
time of 1*5-2*0 hours* Rates of fractional and absolute catabolism* 
intravascular/extravascular haemopexin 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 from 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 rate is capable of a marked increase in response 
to rising levels of plasma haem* 
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HISTORICAL 

In 1968* Neale* Aber and Northern 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 haemoglobin/ml showed staining in the 
ex2$ and albumin regions* At a concentration of 2 (Jig haematin/ml serum* 
the pj and albumin fractions contained haem* 

De Vaux St-Cyr* Courcon and Grabar* in 1958* showed that this 
haemoglobin^ or haem-binding 0| globulin was present in the perchloric 
acid soluble fraction of human plasma* and Biserte et ai»* (1960)* 
considered that the protein bound haemoglobin* î yoglobin and oytochrorae C. 
However* Nyman (1960)* demonstrated that the protein bound haem and 
that globin was not included in the complex* Haem-binding globulin 
was characterised as the globulin of human serum by Immunoelectrophoresis 
(Grabar* de Vaux St~Qyr 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* Heide and Ilaupt (1960) and the physicochemical 
characteristics of the molecule were described by Helmburger et, al (1964)* 
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INTRODUCTION 

In humans, normal daily red cell destruction in the reticulo-

endothelial system involves the catabolism of 4-6 8 haemoglobin 

(Freeman, 196/*) • In haemolytic states, the rate of red cell destruction 

is increased and haemoglobin may be liberated into the plasma* Haemoglobin 

and its intermediate metabolites are rapidly removed from the plasrnap 
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 haera* The 

structure of the haemopexin molecule and its ability to bind haem from 

plasma and methaemalbumin are described in detail* 

1, HAEMOGLOBIN STRUCTURE AND METABOLISM 

Normal adult haemoglobin is a globular protein of 111764,000; it can 

be seen from Figure 1 that the molecule is composed of identical halves, 

each half consisting of 1 cl and 1 (3 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 oxygen* The structure of the 

haem molecule binding to oxygen and globin is shorn in Figure 2* 

The biosynthesis of haem 

In the developing red blood cell* 6 amino-lacvulinic ecid 

is formed from condensation of succinyl CoA and glycine by the 

mitochondrial bound enzyme aminolevulinic acid synthetase* Two 

molecules of 5 aminolevulinic acid are converted to porphobilinogen 

as shown in Figure 3* 



Figure 1 . The haemoglobin molecule. 

This diagram of the haemoglobin molecule shows the 2£Xand 2(3 

globin chains with associated haem groups. The arrow indicates 

how cleavage into 2 subunits occurs (adapted from V.'introbe 

5th Ed 961) 



<n\re 2 0 The hacm molecule showing binding to globin and oxygen« 
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Figure 4* Conversion of porphobilinogen to protoporphyrin 9* 

The conversion of coproporphyrinogen 111 to protoporphyrinogen 9 

is effected by a mitochondrial bound enzyme (Morris and Kc 1 Icrnieycr 

1970). 

< 
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4 molecules of porphobilinogen* catalysed by porphobilinogenase, 
form a tetrapyrrole ring compound, uroporphyrinogen, which is ultimately 
converted to protoporphyrin 9» These stages in the formation of haem 
nre shown In Figure 4» 

At physiological pH, in the presence of reduced glutathione, 
cysteine and globin, mitochondrial haera synthetase converts protoporphyrin 9 
to hnciii b y L h e insertion of iron into the molecule* 
Formation of hpemoalobin 

Haemoglobin synthesis occurs in the immature red blood cell* 
Haemoglobin is formed by a. globin chains combining with (3 globin chains 
on the ribosomcs to form sub units, which arc then freed into the 
cytoplasm and combine with haem* Two oq3 subunits unite to form the 
a^g haemoglobin molecule* This process is reversible; it has been 
demonstrated that, in solution, the haemoglobin moleculc splits into 
dimers and monomers* 

0c2p2 a 2&P) a 2X * 2p (Guidotti, 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 prevents 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 reduction of ferric iron by NADH 
(reduced nicotinamide adenine dinucleotide) and NADPH (reduced nicotinamide 
adenine dinucleotide phosphate) while reduced glutathione and ascorbate 
reduce ferric iron directly* 

Destruction of non-viable 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 during this process, the iron of the haemoglobin molecule 
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is rapidly oxidised* forming met haemoglobin. The binding capacity of 

the p chains of haemoglobin for ferric haem is lower than that for 

ferrous haem* so that haem dissociates from methaemoglobin into the 

plasma (Bunn and Jandl* 1968)* 

Haemoglobin catabollaa 

Following the sequestration and breakdown of red cells in the 

reticuloendothelial system* haemoglobin is catabolised* Globin 

is degraded and recycled in the amino acid pool* 65*30/° of the haem 

groups are converted to bilirubin (Ostrow* Jandl and Schmid* 1962)* 

biliverdin being an intermediate in this process* 

Conversion of haem to biliverdin occurs in microsomes of the 

reticuloendothelial system in liver* spleen and bone marrow and in 

hepatic parenchymal cells and renal tubular epithelium (Tenhunen* Harver 

and Schmid* 1970; Tenhunen* 1972)* Microsomal haem oxygenase oxidises 

the OLmethene group of haem to carbon monoxide* iron is released and 

biliverdin is formed* This process requires NADH (reduced nicotinamide 

adenine dinuoleotide) and molecular oxygen and uses cytochrome P450 

as the terminal oxidase* liliverdin is reduced to bilirubin by biliverdin 

reductase* 

Very little iron released from haem is lost in the urine* the 

pathways for haemoglobin breakdown being highly efficient in iron 

conservation and the iron is reutilised in new haemoglobin synthesis* 

2* THE FATE OF FREE HAEMOGLOBIN SK THE PLASMA 

The mechanisms for the removal of free haemoglobin from the 

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

haemopexin and albumin fora important metabolic pathways for the elimination 

of haemoglobin and hren from the plasma* The extent to which these 

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

haemoglobin into the plasma* 



F i ^ r e 6* Mechanisms for the removal of free haemoglobin frca the ulasr.;a 
K 
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a) Normal stnte 

Normal humnn plasma contains approximately 0*3 nig haemoglobin/100 ml 
(Bunn, 1972). Amounts of this order are bound nnd cleared as the 
liaptoglobin-haemoglobin domplex* 
Haptoglobin 

Haptoglobin is an globulin found in plasma which has a haemoglobin 
binding capacity of 50*150 mg/100 ml plasma (Bunn, 1972), Approximately 
one-third of the total haemoglobin catabolised per day is eliminated 
as the haptoglobin-haemoglobin complex (Freeman, 1964)• 

Haptoglobin is a glycoprotein consisting of 2 pairs of oc and 
p 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 p chains of haptoglobin (Shim, Lee and 
Kang, 1965)» Haptoglobin probably binds haemoglobin on an equimolar 
basis (Freeman, 1964); however, an intermediate complex consisting 
of haptoglobin and haem-globin diner (ap) 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 ap units through the 
ol chain (Nagel and Gibson, 1971)* Myoglobin, a raonomeric protein 
resembling the p chain of haemoglobin, is not bound by haptoglobin* 

Haptoglobin is synthesised in the liver (Alper et 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 Finch, 1972)* The haptoglobin-haemoglobin complex is not excreted 
in the urine and binding of haemoglobin by haptoglobin is an efficient 
method of conserving haemoglobin iron in the body (Glblett, 1968)* 
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The half-life of haptoglobin in man is X days (Freeman* 1964; 

Giblett* 1963). On injection of 3 mg haptoglobin as the haptoglobin-

haenoglobin complex into a normal man* Freeman (1964.) found that the 

complex v/as cleared from the plasma with a half-clearance time of 9 minutes 

Laurel1 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 rapidly compensate for 

the loss of the haptoglobin-haemoglobin complex when intravascular 

haemolysis is increased above normal levels and plasma haptoglobin 

concentration becomes depleted (Giblett* 1968)* 

Assuming 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 iii vivo may be greater than 

that based on equimolar binding if the haptoglobin-haemglobin dimer 

complex is involved (Giblett* 1968)* 

If haemoglobin liberated into the plasma is in excess of haptoglobin 

binding capacity* other pathways become involved 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 methaemoglobin 

and dissociated haem is eliminated from the plasma by pathways involving 

haemopexin and albumin* 
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b) Acute haemolytlc 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* 

Goldflscher et al» (1970) demonstrated pinocytosis of free 
haemoglobin by hepatic parenchymal cells in rats receiving large doses 
of haemoglobin (4O-4OO mg/kg) but this process has yet to be satisfactorily 
demonstrated in man* 

Circulating plasma haemoglobin is oiiidised to met haemoglobin* 
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 (Mflller-Eberhard* 
Bosnian and Li em* 1970)* 

Both during and 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 (Mflller-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* 1968)* 
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o) Chronic haemo lytic states 

In these conditions there is an increased rote of red cell 

destruction extending over e long period and plasma levels of hoptoglobin 

and haemopexin will be reduced according to the severity of the haercolysis* 

The rate of haemoglobin release may not be sufficient to produce 

haemoglobinuria* but renal excretion of haemoglobin dinter occurs» 

followed by absorption of this molecule by the renal tubules, where 

haemosiderin is formed* Haeroosiderinuria results from desquamation 

of the renal tubular epithelium* 

3* HAEMOPEXIN 

Haemopexin is involved in the elimination of haem from the plasma 

in both acute and chronic haemolytic states* 

The protein was purified by Schultze, Heide and Haupt in 1960 

from the perchlorie acid soluble fraction of human plasma and was 

isolated as the 0jg globulin of human plasma by Immunoelectrophoresis 

by Grabar, de Vaux St~Cyr and Cleve, 1960* 

Physlcochemical properties of haemooexin 

Haemopexin is a sialoprotein and the molecule contains approximately 

20fo 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 (Mfiller-Eberhard et aJU, 1969; 

Mfiller~i3>erhard« 1970) and later values obtained by sedimentation 

equilibrium gave a value of 57«000 ? 3»000 for both human and rabbit 

haemopexins (Seery, Hathaway and Mller-Eberhard, 1972). 

At present, only one N terminal maino acid hns been found 

(RUIller-Eberhard* 1970) and reduction alky lation experiments suggest 

that the molecule does not contain a subunit structure (Ifricol end 

Mflller-Eberhard, 1971). 



TABLE I AMINO ACID AND CARBOHYDRATE COMPONENTS 
OF \ m m IIAELIOPEXIN 

* moles/mole protein 

lysine 4*16 26 
histidine 3.25 19 
ammonia 1*24 62 
arginine 4.42 23 
agparagine 6*49 45 
threonine 3*46 27 

serine 3*59 33 
glutamine 7*74 48 
proline 4*62 38 
glycine 3*18 45 
alanine 2*80 32 
% Cysteine 1*44 11 
valine 3*45 28 

methionine 1*14 7 
isoleucine 1*59 11 
leucine 5*94 42 
tyrosine 5*74 18 

phenylalanine 3*96 21 
tryptophane 4*30 18 

Total 70*51 554 
hexose 9*00 40 

acetylhexosamine 7*40 27 
sialic acid 5*00 13 
fucose 0*40 2 

TOTAL 92.31 636 

Data from Heimburger et al* (1964) 
using a MW of 80fOOO for haemopexin 
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Purification 

Ifaemopexin is now purified by the perchloric acid method of Schult2e* 
Heide and llaupt* followed by DEAE chromatography and preparative zone 
electrophoresis* Purified haemopexin consists of two fractions* haemopexin 
monomer and a ptlymerised form which can be converted to haemopexin 
mononer by treatment with 5-7 * urea (lltiller-Eberhard and English, 1967)* 
Ifaem binding 

On addition of haem to haemopexin* there is a shift in absorption 
maximum from 395 *» to 412 nm due to the formation of the haem*»haemopexin 
complex* Haem binding is equimolar (Heide £t al.* 1964)* Evidence for 
change in molecular conformation after haai binding is obtained from 
measurements of circular dichrolsm and optical rotatory dispersion 
(MQller-Eberhard and Grizzuti* 1971) &"<* there is reduced antigenicity 
of haemopexin when complexed with haeni (Hflller-Eberhard * 19?0), Apart 
from binding haem« haemopexin also binds coproporphyrins and uroporphyrins 
(Koskelo* Toivonen and Rintola* 1969) but bilirubin Is not bound* 
Chelation of haem from haea containing molecules 

In vitro experiments have shown that rabbit and hufan haemopexins 
can chelate the haem prosthetic group from cytochrome P450* with consequent 
reduction of biological activity of the cytochrome (Hflller-Eberhard et ^mm 
1969) • Transfer of haem from tissue bound proteins may occur in vivo 
and it is thought that certain types of cytochrome may serve as tissue 
receptor sites for circulating plasma haem* Store importantly $ affinity 
of haemopexin for haem has been shown in vitro and in, vivo to be greater 
than that of albumin for haem (KQller*Eberhard and Li em* 1968$ Mflller-Eberhard 

1969)* The role of albumin as a clearance pathway in haemoglobin 
metabolism is therefore of significance* since it appears to act as a large 
reservoir for haem when plasma haeia concentration exceeds the binding 
capacity of endogenous haemopexin* The exact fate of haem bound to albualn 
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 haemopexin until the hnem binding capacity of haemopexin 
approaches saturation (Mflller-rberhard et nl,* 19695 ntlllcr-Kberhard* 
Oosman ami Mem* 1970) • is not known whether haeni enn be eliminated 
directly from methaemnlbumins experimental evidence suggests that this 
is unlikely* Rapid in vivo transfer of hncn f ron methoemalJnjrain 
to haemopexin in the rabbit was demonstrated by *lQller-£berhard et al** 
(1969)* These workers also showed that albumin and nethacmalbumin were 
cleared from the plasma at the same rate* with a half-clearance time 
of 4*5*5*5 days* They concluded that most* if not all, circulating ha em 
was removed from the plnsaa as the haera-haemopexin complex* 

I'oeoofexin has been isolated from the plasma of the human* rabbit* 
rat* guinea pig and mouse* but only human* rabbit and mouse haemopexins 
have been partially characterised (§1(11 ler-Eberhard and English* 1967; 
Hrkol and Hflller-Hberhard, 1971* Witz and Gross* 1965)* Genetic polymorphism 
has been described in the rabbit (Grander* 1966)* 

Serum haemonexln in health and disease 

ft) Normal levels 

Normal human serum haemopexin levels 

arc shown in Tsbic 3* 

ISaemopexln has been fbund in the serum of a 10^ week old human 

foetus (Gitlin and Biasucci* $969)* Foetal origin is likely as it has 

been shown in the rabbit that the amount of haeoiopexin passing from the 

maternal circulation to the foetal circulation is very sstall (Ross, Ltem 

end 8351 ler-Fberhard $ 1971)* 



TABLE 2 NORMAL SERUM IIABIOPEXIN LEVELS IN THE IIUSIAN 

Age 
Kaeraopexin 
concentration 
range (mgfo) 

Mean haeraopexin 
concentration 

(ing%) 

foetus 13 weeks - 3 
neonates "N 

premature infants/ 6*5-25 18 

cord serum / 

1-9 months 10-70 * 

1-12 years 40-70 60 
20-40 years 66-100 77 

pregnant femaleŝ ) 

20-40 years J 
44-100 75 

50-70 years 50-80 65 

Data compiled from Hanstein and Mttller-Eberhard (1968) 
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Mean haemopexin concentration in the rabbit is 60 ing/100 ml serun 

with a runse of 40-80 m^/100 mi serun (Mflller-Eberhard £t ĵ l** 1969)* 

l b bus been shown in the rabbit thf t serum haemopexin concentration is not 

subjccb t9 circndian fluctuations (Smibert* Liera and ̂ illier-Eberhard* 1972)* 

k) lavols in disease 

in general terns* increased breakdown of red blood cells may 

be associated with a low serum haeniopexin level if the degree of intra-

vascular haemolysis releases mora haemoglobin than can be cleared 

by haptoglobin, low serum ftuemopexin levels are almost invariably 

associated with reduced or absent haptoglobin (nanstein and Uflller«»£berh&rd* 

1963; *ttller-*£berhard and Cleve* 1963; Mttller-Eberhard £t,al*» 19685 

Sears* 1968)* 

If increased red cell destruction is associated with a hapto-

globinuemia and haesnopexin deficiency * high levels of uctUueuiolbiunin e>re 

found in the plasma* uethae.iialbumin acting as a reservoir for plasma 

haeai in excess of the huemopexin binding capacity* Thus the plasma level 

of Itaeoi is the decisive factor determining plasma haemopexin concentration! 

plasma haem levels greater than 6*0 i*g/ul (equivalent to J50 jig/ial 

haemoglobin) result in decreased plasma haemopexin concentration (Miller* 

i&erhard £t,aj,«* 1968)* 

Disorders with an increased rate of intravascular red ceil destruction 

are shown in Tables 3 and 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 seveie* both haptoglobin and 

haemopexin levels are zero or approaching zero* In conditions where 

there is ftpidodic but massive intravascular haemolysis* plasma haptoglobin 

and haemopexin concentrations fluctuate between zero and normal levels* 

depending on whether the concentration was determined at the time of the 

haemolytic crisis* or between crises* 



TABLE 3 SERUM HAEMOPEXIN AND HAPTOGLOBIN LEVELS 
IN DISEASE 

Condition 
Haemopexin 
concentration 
range (mg%) 

Haptoglobin 
concentration 
range (mg%) 

thalassaemia major 0-5 
0, 5* 

0-50 
5, 10* 

G6PD deficiency 
+ primaquine 0* 0* 

mechanical haemolysis 0 0 
malaria 0* 0* 

40-60 15-35 
P.N.H. 0-65 0-50 

0* 0* 

S cell anaemia 0-40 
15» 

0-25 
10* 

S cell haemoglobin C 10-40 
0-40 

15-70 
0-25 j 

transfusion reaction 
anti-D, anti-C, anti-E 0 

i 
0 1 

thalassaemia haemoglobin E 15* 5* j 
pyruvate kinase deficiency 
+ severe haemolytic anaemia 10* 10* 

* denotes single determination only 
Data compiled from Mttller-Eberhard et al. (1968); 
Hflller-Eberhard (1970) and Sears (1968)* Determination 
of haptoglobin concentration was by haemoglobin binding and 
radial immunodiffusion* Haemopexin was measured by haem 
binding and radial immunodiffusion* 



TA3LG 4 SERin IJADJOPEXIB ftAPTOGUmiN LEVELS 

IN DISEASE 

Condition 
llneaopexin 

concentration 
rcĤ -T© 

;!npto£lobin 
concentration 
rons* 

thnlnssaeraio trait 2-120 

3 ceil trait 35-30 

spherocytosis 40-65 60-65 
nutoirasune 30-85 >40 

hoenolytic nnoenln 20-100 0-30 

pernicious nnacnia 30-70 10-30 

Leî end as for Table 3 
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Table 4 lists several haeniatological disorders in which there 

is •lecreascl red csll survival* Again, depending on the severity of the 

hAe::ulytic process, plasma levels of haptoglobin and haeiEopsxin may 

jc rcduccd, but in the conditions listed, reduction is significantly 

losa coxiuon than in Che conditions given in Table 3* 

Sears (19&3) found ia 6 patients with thalassemia major that all 

had oiiapio&'lobinaeraia associated with haemopexin deficiency, Whilst 

low scrum hae»iiopcxin levels are invariably associated with reduced 

or ubsent haptoglobin, iittlier-Eberaard and Cleve (1963) described 

hae.nopexin deficiency without reduction of haptoglobin in several children 

with tliulassacmia major, but hud to postulate that a haem compound might 

be present which depleted haeniopexin without affecting haptoglobin* 

In ha&tnorrhagic pancreatitis* a haem compound may be liberated into the 

circulation which reduces the haeuopexin level without altering the 

concentration of haptoglobin in the plasma (Sears* 196S)* 

Diagnostic iffisortance of serum haegfcopexin levels 

Low levels of serum haemopexin have also been described in protein* 

losing nephropathies and progressive liver disease (&Ullsr-Iibcrhard , 1970) • 

Raised levels have been reported in some malignant diseases* infections, 

rheumatoid arthritis and diabetes mellitus* Following stress, the 

concentration of serum haemopexin does not increase above twice the 

normal level and haemopexin Is not considered to be an acute phase protein 

(Kushner et al,*, 1972)* 

It has been suggested that once serum haptoglobin is decreased 

in haemolytic disorders, measurement of serum haemopexin levels may 

be of use in determining the severity of the haemolytic process* Measurement 

of haemopexin: albumin ratio in amniotic fluid during gestation has been 

used to assess foetal red cell destruction in Rhesus incompatibility 

(Hflller-Eberhard and Bashore* 1970)* The results have shown a degree 

of accuracy described as greater than that obtained by determination 

of bilirubin in amniotic fluid* 
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Haemopexin metabolism 

At the time of coonencing this investigation * no direct measurements 
of haemopexin synthesis or catabolism had been reported. Mill ler-Eber hard 

(19^9) showed that within 5 hours of haen injection* plasma 
haeaopexin concentration fell steeply* but this decrease was rapidly 
corrected once the haem was eliminated from the plasma* Injection 
of '^I-haemopexin-^e-haem showed that both the and ̂ Fe rapidly 
accumulated in the liver* other organs (kidney* spleen* lung) showing 
negligible activity (Mflller-Eberhard* Bosnian and Li em* 1970)* The activity 
localised in the liver was demonstrated autoradiographically to be in the 
parenchymal cells and it was concluded that the haem- haemopexin complex 
is rapidly eliminated from the plasma and that the consequent reduction 
in plasma haemopexin concentration reflects an increased rate of catabolism 
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 an increased rate of haemopexin synthesis (Mflller-Eberhard 1969)* 

Certain essential aspects of haemopexin metabolism have not been 
directly investigated* namely* the fractional and absolute catabolic 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 haem is known at present* It has not been ascertained 
whether haemopexin is recycled in the plasma after transfer of haem 
to the hepatic parenctymal 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* 



3 0 

At present 9 it is assumed that the major site of haemopexin 

synthesis is the liver* In the absence of any direct measurements 

of haemopexin synthesis rate* the absolute 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 Nflller-Eberhard £t,aj* (1969)* A more striking increase in plasma 

haemopexin concentration follows the injection of the porphyrogenic 

or carcinogenic chemicals allylisopropylacetcmide, 3-roethylcholanthrene 

and lead acetate (Ross and MQller-Eberhard, (1970)* This increase in plasma 

haemopexin is due to increased synthesis since the response can be blocked 

by ethlonine* 

Objectives of the investigation 
The main purpose of this investigation was to carry out the first 

125 
complete quantitative study of 'I«haemopexin 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 and distribution* 

Plasma haemopexin concentration was measured to obtain accurate 

determinations of total body haemopexin haem binding capacity* and its 

variation in response to change in the amount of haem injected was examined* 59 
For this purpose several experiments were completed in which Fe-haem was 

used to permit simultaneous determination of plasma clearance of haemopexin 

and haem* 

The relative importance of haemopexin in haemoglobin catabolism 125 
is not known* therefore plasma I-hacmopexin turnover has been 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 

I. Rabbits 

New Zealand white Rabbits41 were used throughout and were maintained 

on Short and C*nage ! diet (Oxoid)t* 

2* Rabbit haemopexin 

Pure rabbit haemopexin was prepared from rabbit serum by 

Dr U MBller-Eberhard*** by the following method* Either pooled normal 

rabbit serum was used or pooled scran from rabbits with increased 

haemopexin levels induced by injection of >methylcholenthrene 

(1 intraperitoneal injection of 4 Kg 3*®ethylcholanthrene^Cg body weight) 

or lead acetate (1 sub-cutaneous injection of 150 mg lead acetate/kg 

body weight)* Rabbits were bled by cardiac puncture 48 hours after 

injection when serum haemopexin concentrations had risen to at least 

3 times base line values* 

Pooled rabbit serum was treated with perchloric acid by the 

method of Schultze £t ai* (1961; 1963)* by adding 1 part serum to 3 parts 

Oil 5 H sodium chloride and 0*5 parts pcrchloric 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 II sodium hydroxide * concentrated by ultrafiltration and 

reprecipitated with 2*0 II immionium sulphate at pH 5*0* The supernatant 

was separated by centrifugation anddialysed against sodium phosphate 

buffer pH 7*2 1/2 a 0*025 prior to chromatographic separation as described 

by Bfiller*£berhard and English (1967)* 

* Obtained from A* E. Moss Ltd** White Cloud Farm* Tring* Herts* 

** Oxoid* Southwark Bridge Road* London SE1 • 

*** Department of Biochemistry* Scripps Clinic and Research Foundation* 

La Jolla* California* 
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A 7,4 era x 60 cm column of DEAE cellulose was equilibrated with 

sodium phosphate buffer pH 7*2 f/2 a 0*025* 16—IS g protein were 

applied and after layering of the protein fraction* the column was 

washed with 4000 mis starting buffer at a flow rate of 10 mis per minute* 

Haemopexin was eluted when the ionic strength of the buffer was raised 
to r/2 =s 0.05. 20 ml fractions were collected; protein concentration 
was determined by absorbance at 280 nm and haemopexin was identified 

by Immunoelectrophoresis* 
According to the method of Mflller-Eberhard and English* further 

purification was carried out by two consecutive preparative zone 
electrophoreses on Geon 427 (polyvinylchloride resin)* For the first 
electrophoresis* 400*500 mg protein were applied to Geon blocks 56 cm 
long* 1cm 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 second electrophoresis of 20*30 mg protein on blocks 56 cm long* 

1 cm high and 7*5 cm wide for 30 hours at 5«4 volts per cm in the same 

buffer resulted in the removal of all contaminants* 

Ilaemopexin was eluted from the blocks by 5-10 mis sodium barbital 

buffer pH 8.6 1/2 = 0*05* Following the second electrophoresis* treatment 

of haemopexin with 5-7 M 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 18 hours* 
haemopexin remained in the monomeric form* 
125 /I-labelling of haemopexin 

125 
Haemopexin monomer was labelled with 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 pH 7*0 and a 2;5 cm polyethylene stirring rod was placed 

in a crystallizing dish containing ice on a magnetic stirrer. 500 fiCi 
125 

I in reductant free 0*1 M sodium hydroxide per mg haemopexin were 

added, followed by 100 jig chloramine T* Five minutes later, addition 

of 100 fig sodium metabisulphite neutralised any remaining oxidising 

reagent* Chloramine T and sodium metabisulphite solutions were freshly 
prepared in distilled water at a concentration of 200 jig/ml* Non-protein-

125 
bound "1 was removed by dialysis against several changes of 0*15 M 
phosphate buffer, pH 7*4t over an 18 hour period* Follor/ing dialysis, 
more than 97# of the total activity was preclpitable by 3*3 H 
ammonium sulphate* Iodinated haemopexin was centrifuged at 105000 g 

for 60 minutes to remove trace amounts of protein aggregates* 125 
40-907S uptake of I was obtained; assuming a HW of 58000 for 

rabbit haemopexin* the molecular ratio varied between 1 atom 1:100 molecules 
haemopexin and 1 atom 12 50 molecules haemopexin* The specific activity 8 9 of the haemopexin batches ranged from 2*9 x 10 dpovW to 1 x 10* dpo/mg« 
Purity of the haemopexin 

Purity of the labelled haemopexin was assessed by polyacrylamide 
gel electrophoresis and by haem binding studies* 
Polyacrylamide gel electrophoresis 125 

Presence of haemopexin aggregates and purity of ^I-haemopexin 

were determined by polyacrylamide gel electrophoresis using the method 

and apparatus described by Davis (1964)* The reservoir buffer was 

0*05 H Tris and 0*384 M glycine, pH 8*3* diluted 1 in 10 with distilled 

water for use* 200 (ig protein were electrophoresed in gel tubes 

63 mm x 5 mm for 30 minutes at 5 m Amps per tube* Gels were stained 

with \% amido Schwartz B in acetic acid and washing solution for 

removal of excess stain was 7% acetic acid. 
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No'contaminants or h?.cmopcxin aggregates were present 
on polyncrylamide gel electrophoresis* 
Haem binding 

125 

Ilaem binding by I-haenopexinvas determined by spectrophotometry 

titration at 413*5 nm* The optical density ceased to increase when the 

ratio of haem to haemopcxintas equiraolar* This method was described 

by Heide et al, (1964)• 

Ilaemopexin was shown to polymerise after 30*60 minutes incubation 

at 60°C (Hflller-Eberhard, 1970) and for the experiments, rabbit 
125 
^I-haemopexin was stabilised with unlabelled purified rabbit transferrin. 

Rabbit transferrin inhibited polymerisation and the samples were stored 
at -20°C prior to use* 

3* Haem 
Unlabelled crystalline haent was obtained from Koch-Light Laboratories Ltd** 

59 
Biologically labelled ^ Fe haem was prepared by injecting a rabbit (3 Kg) 

59 with 60 pCi ^TeCl^ in isotonic citrate-saline* The blood was collected 
by cardiac puncture 14- days later and placed in heparinised containers* 

59 
Fe-haem v/as isolated by the method of Labbe and Nishida (1957) • 

1 volume blood was added with stirring to 12 volumes freshly ..prepared 

extraction solvent containing 2% strontium chloride hexahydrate in glacial 

acetic acid and acetone (1:3V/V)* This mixture was allowed to stand 

with occasional stirring for 20-30 aiinutes at room temperature* After 

filtration through coarse filter paper, washing the residue twice with 

1 volume extraction solvent, the mixture was transferred to a flask and 

heated to 100°C* Care was taken to prevent the temperature exceeding 102°C* 

* Koch-Light Laboratories Ltd, Colnbrook, Bucks* 
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The solution was allowed to cool and crystallization of haem was complete 

on cooling to room temperature* Ifaem was centrifuged and washed twice 

with 50̂ > ethanol in water and once with ethanol/ether mixture* 
59 

*"Fe activity in weighed samples was determined and the specific 
activity was estimated to be 1*1 x 10^ cpo/mg* For Injection* haem was 
dissolved in 0*15 Bl sodium carbonate* 

CO 
4* .•"•re-haemoglobin 

-haemoglobin was prepared by injecting 60 pCi ̂ FeCl^ in isotonic 
citrate-saline into a 3 Kg rabbit* 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 1 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 ̂ Fe-haemoglobin was 5*9 x 10^ cpm/mg* 

5* P henv1hydrazine 

Phenylhydrazine HC1 was obtained from Koch-Light Laboratories Ltd* 

For injection* a sterile solution of 0*04^ phenylhydrazine HC1 in isotonic 

saline containing 0*1$ chlorocresol was prepared* 

6* Starch 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 23 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 mis gel buffer* 50^1 plasma samples were applied to the 
gel and electrophoresed vertically at 2*5 volts/cm for 16 hours at 4°C* 

* Otto III Her Co** Madison* Wisconsin* 
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The completed gel was sliced and stained for haem with the 

benzidine mixture of Crosby and Firth (1956) consisting of benzidine 

in 90f. rcetic reid and hydrogen peroxide (151 V/V); and for protein 

T7.lth 1% amido Schwartz 5 in acctic acid* Benzidine) raa obtained 

from Koch-Light Laboratories Ltd* Excess protein stain was removed 

by solution containing 4*5 parts ethanol* 0*5 parts glacial acetic acid 

end 5 parts distilled rater* Haemopexin bands \7ere excised frora the gel 

and their radioactivity was determined* 

"Iobeods" (inorganic iodine resinV* were used for the estimation 

of non-protein*bound in plasma samples* as the high solubility 

of haemopexin in add solution prevented its complete precipitation 

from plasma by trichloroacetic acid or phosphotungstic acid* 

THE DETERMINATION OF P1ASHA HAEMOPEXIN HALF-CLEARANCE TliiE 

In ail experiments* rabbits were weight* each day and maintained 
125 

on a noimal diet* Beginning four days prior to ^I-haemopexln injection* 

Lugol's Iodine solution was added to the drinking water to a concentration 

of approximately 0*05% and maintained for the duration of the experiment* 

I* Normal Rabb^f 

Plasma haemopexin half-clearance time was studied in 18 normal 

rabbits* Table 5 lists rabbit group* weight and source of haemopexin 

for normal rabbits* 100 (ig were administered by 

intravenous injection as described below* 

* Tcchnicon Chemical Co Inc* ArdsXey (Chauncey)* New York* 
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TADLiS 5 NORMAL RABBITS 

R Weight (Kg) Source of haemopexin 
2 3.12 
2a 3*32 
3 3*49 normal serum 
4 2.55 
5 2*48 

Group 1 9 2*57 serum from rabbits 
10 2*14 injected with 
11 2*39 3-methylcholanthrene 
12 2*60 serum from rabbits 
13 2*75 injected with 
14 2 427 3-inethylcholanthrene 
17 1*93 
1 2*65 
2 2.20 serum from rabbits 

Group 2 2a 2*37 injected with 
3 2*38 3-raethyIcho1anthrene 
4 2*14 
5 1 #75 

Injection and sample collection 
,2^I-haemopexin was diluted with isotonic saline to give a protein 

concentration of 50 (ig/ml and a '^I-haemopexin standard was prepared* 
125 At zero time* 100 pg I-haeaopexin were injected into the marginal 

(R) 
vein of the left ear using a Butterfly 23 infusion unit* and were 

washed through with 2 mis isotonic saline* After 3 minutes* a 0*5-1 *0 ml 

blood sample was collected from the opposite ear into a sequestrene 

container and further venous samples were taken at intervals during 125 
an 80 hour period* by which time plasma I activity had dropped to less 

than 5$ of the injected dose* 

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

Table 6 lists animals injected with 25 mg unlabelled haem followed 
1215 12*5 by 100 fig ^I-haemopexin and control animals receiving 100 fig I-

haemopexin alone* The same animals and a single batch of haemopexin 
125 

were used for both experimentsS after measurement of •'I-haemopexin 

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

experiment• 

TABLE 6 25 MG HAEM RABBITS AND CONTROLS 

Group 3 R Weight (Kg) Source of haemopexin 

1 2*22 

2 2,40 

25 mg 3 2.63 

haem 4 

5 

2,52 

2.38 

6 2.65 serum from rabbits 

injected with injected with 
1 2,05 lead acetate 
2 2*05 

controls 
3 

4 

5 
6 

2*11 

2 #03 

1*87 

2,18 
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TABLE 7 ANIMALS RECEIVING VARYING DOSES OF 59Fe HAEM + 100 pg 
,25I-!IAEM0PEXIN AND CONTROL ANIMALS RECEIVING 100 ng HAESIOFEXIN ALONE 

^Fe haem (mg) R Weight (Kg) Source of haemopexin 

f 1 2*55 
2 3.36 

Group 4 
25 og \ 3 3*19 

4 2*15 
\ 5 1*85 

/ serum from rabbits 
( t 1*92 ) injected with 

1 «75 mg \ 2 1*95 
lead acetate 

\ 3 2*40 
Group 5 X (2 batches) 

2*0 mg 4 3*33 

s 5 2*18 
4*0 mg < 

( 6 3*13 

t 3*42 
controls 

2 2*20 

Haem-loaded rabbitsi Injection and sample collection 

Haem samples were dissolved In 0*15 H sodium carbonate for injection 

and the left ear was cannulated by the above method* ISaem was washed 

into the ear vein by 2 mis isotonic saline* followed 5 minutes later 
by 100 jig -haemopexin* again washed in with 2 mis isotonic saline* 

125 
After injection of •'I-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* Rabbits with intravascular haemolysis 

a) P heny I h.yd rnz 1 ne-t re a t 1 rwhblt9 

2 rabbits received 2*5 Kg phenylhydrazine IICl/Kg body weight 

by intravenous injection on alternate days for 3 weeks prior to the 
125 

injection of 100 fig *T»haemopexin# On the day following phenylhydrazine 
administration, blood samples were taken into sequestrene containers 
with great care to avoid lysis! samples taken 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 asaples were submitted to starch gel electrophoresis 
and examined for the presence of methaemalbunin by benzidine staining* 

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 cyanmethaemoglobin method 
(Dacie and Lewis, 1968) and plasma haemoglobin was measured 

spectrophotometrically by the method of Crlpps (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, 125 
After injection of 100 |ig •'I-haemopexin at zero time, sampling 

was carried out as in haem-loaded rabbits* 
b) ^Pe -haemoglobin loaded rabbit 

600 mg e-haemoglobin were injected into a 4*25 Kg rabbit and 
59 

plasma clearance of Fe-toaeraoglobin was followed* Plasma samples were 
studied by starch gel electrophoresis and urine and faeces were collected 
for estimation of ^%e-activity* 



41 

Collection of urine and faeces 
125 Urine and faeces were collected for 5 days following ^I-haemopexin 

injection and pooled* In one rabbit receiving 25 mg haeia followed 
125 

by 100 (ig I-haemopexin, urine samples were obtained after inserting 

a self-retaining catheter into the bladder* This procedure, carried 

out 5 hours before injection, permitted collection of more exact information* 

125 Measurement of non-proteln-bound I 
125 

Non«protein«bouxtd I was estimated in all plasma samples 
of rabbits in group 2 and in the 24 hour samples of rabbits in groups 
3, 4 and 5* 

0*2 ml plasna was made up to 1 ml with distilled water and a small 
quantity of preswollen lobeads was added* 0*2 ml supernatant was taken 

125 
and activity determined* Results were expressed as percentage free 
iodide in the plasma* 125 

In a control experiment, I was added to plasma before addition 

of lobeads* Retention of 125! by the lobeads was greater than 99%* 
Quantitation of plasma haemopexin 

To quantitate results found on starch gel electrophoresis, selected 

plasma samples were sent to Dr U Mfiller-Eberhard for quantitation by the 

radial immunodiffusion method of Mancini et al * * (1965) according to the 

modification of Smibert jet, ai*, (1972)* 

Measurement of radioactivities 
a) Plasma samples 

Blood samples were centrifuged and 0*2 ml plasma was counted 
en 125 

on a Packard Autoganuna Spectrometer* In ̂ Fe-haeia/ •'I-haemopexin 

experiments, counts attributable to the and labels were 

determined simultaneously* Settings were 25% gain 300-900 (^%e) and 
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125 50% gain 100-115 V J D . Cross counts were negligible and counting 

error was within \% of the total counts measured* 

Calculation of injected dose? PCV was measured in all 3 minute 

blood samples and the injected dose for each animal was calculated from 

the 3 minute plasma counts and total plasma volume* Blood volume was 

taken to be 7% body weight (Wiseman and Irving, 1963)* 

b) Urine and faeces 
2 mis samples were taken for estimation of activity and were counted 

125 
as above* Total excreted I activity was expressed as a percentage 
of the injected dose* 

*2**I-haemopexin and ^Ve*haem standards were counted at all times 
to allow correction for radioactive decay* 

Graphic resolution and analysis of plasma activity curve 

For graphic resolution and analysis of experimental data* the 

procedure and nomenclature of latthews (1957) were used throughout* 

Plasma activity was expressed as a fraction of the 3 minute plasma counts 

and plotted against time on semi-logarithmic paper* From the graph and 

by computer analysis by the method of least squares* the plasma curve 

was resolved into 2 or more components described by exponential terms 

according to the general formula y a CjC^I* + + ....... C^^n** 

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 tor 
a system containing four compartments was chosen* 
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Figure 7» A 4-compnrtment form of model used for the evaluation 
i 25 

of plnsma I-haenopexin clearance (after Matthcv/s, 1957). 
Comportment ! = intravascular protein 
Compartment 2 = urine end faeces 

Comportments j and ft •= extravascular protein 
The Ks are rate constants0 The label y/as injected into compartment 1„ equilibrated with 
comportments 3 ond A enc? was assumed to have irreversible exit 
frons compartment 1 to urine and faeces in compartment 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 t, represent the protein in the extravascular 

spaces. Compartment 2 represents urine and faeces and is connected 

to compartment 1 in the direction 1—>2 only. It is assumed that the 

system is in dynamic 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, K19 was calculated from the formula: 

expressed as a fraction of the total intravascular haemopexin pool per 

day. 

Calculation of extravascular haemopexin as a fraction of intravascular 

hacmopexln 

The capillary permeabilities, Kf- and Kt/t were derived from: 

K 1 1 

^ (b^ - bt) + C2(b3 - b2) + b| * b ^ 1 + & 2ih 2 - Xb^ -b^j 2 

N/|C|(b3 - b%) + C2(b3 - b2) • bt + 4C2(b2 - bT)(b3 - b2J 3 

4 

(K31 -bt)(K31 - b2)(K3t » b 3 ) 
mmtJBmamrniammmm^mmmtymmmmmmmimmmmmmmfmtBmmmmmmmmm^mmm 

K3t 4* ~ K31 
5 
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fciioof sizes of compartments 3 and 4 to size of comportment 1 

= Kj^/k.^ and K^/K^ respectively, since compartmentnl sizes are constant* 
/ 

In experiments where the plasma activity curve resolved into 
CompcnaAtv 

2 oiopaFtweuta on analysis, the presence of only 1 extravascular compartmtni 

was assumed and Y (extravascular protein) wa3 derived from! 

Tc C )C 2(b 2 - b,)2 ^ 

(C,b2 • C2b,)2 

expressed as a fraction 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 mis plasma (mean of 12 

values obtained in normal rabbits by Dr U Mfilier-Eberhard using the radial 

immunodiffusion method of Mancini et, al«, (1965), according to the 

modification of Sroibert £t (1972), SD = 15-4)t a PCV of 40% and 

taking blood volume to be Tfa body weight (Wiseman and Irving, 1963) * 

Absolute catabolic rate = fractional catabolic rate x X (mg) 

(mg/24 hours) ^ 

Extravascular protein mass (mg) = Y x X (mg) 

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 (Miiller-Eberhard 

et al«t 1969) and equimolar binding of haem by haemopexin was assumed 

(Keide et al», 1964). 
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RESULTS 46 

Polyacrylamide gel electrophoresis, spectrophotometry 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 additlont during the metabolic experiments, 
j 

the rabbits all remained healthy and gained in weight* 

DETERMINATION OP PLASMA HAEMOPEXIN HALF-CLEARANCE TIME 

1 * Normal rabbits (Croups I and 2) 
A plasma haemopexin clearance curve characteristic of the series 

is shown in Figure 8* By computer analysis the curve was resolved into 

two components, each described by an exponential function with y-axis 
intercepts Cj and C2 and slopes bj and bg respectively* 

125 
Equilibration of "'I-haemopexin between the intravascular and 

extravascular compartments was complete 20*24 hours after zero time, 

when the rate of plasma haemopexin clearance became constant* Points 
lying along the component Cje 1 and calculated points along the component 

«*b t 
C2e 2 in the IS rabbits studied were used to obtain the correlation 

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 line* 
Tables 8*1 and 8s2 surnmarise the results of graphic resolution 
125 of the ^I«haemopexin clearance curve in normal rabbits* IJalf-clearance jj f «jk * 

times for components C^e 1 and C2e 2 , values for y-axis intercepts 
Cj and C9 and rate constants b- and b« are given* 



I -O 
Figure 8. Plasma clearance of I-haemopexin in a normal 
rabbit from group t. The curve is described by the Exponential 

equation y = C^e. ^ + C 2e~
b2^ where Cj:, C 2 are the y-axis 

intercepts and b. , b 2 the respective rate constants. K f 
Cj*e I ? 21,4 hours Cj = 0..4 

C^ e-b 2t = 2.66 hours C 2 = 0.6 

Exponential 1 (slope b^) is subtracted from curve 1 to give 

exponential 2 (slope b«). 
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GROUP 1 RABBITS INJECTED WITH 100 fig 125I-HAEM0PEXIN 
TABLE 321 ANALYSIS OF PLASLIA ACTIVITY CURVE 

R wt 
(Kg) 

half-cleai 
(hoi 

c i e " V 

*ance time 
irs) 

2 

y-axis ii 
(f ractJ 

injectec 

C1 

itercept 
ion of 
I dose) 

C2 

rate c 

b1 

instant 

b2 
2 
2a 
3 
4 
5 

3.12 
3.32 
3*49 
2.55 
2*43 

21.40 
21.40 
20.02 
20.02 
18.82 

1.84 
2.66 
1.69 
2.53 
3.46 

0.426 
0.400 
0.546 
0.478 
0.465 

0.574 
0.600 
0.454 
0.522 
0.535 

0.775 
0.775 
0.850 
O.83O 
0.881 

9.O3 
6.25 
9.82 
6.60 
4.80 

X 2.99 20.33 2.44 O.463 0.537 0.817 7.30 
SD 0.45 1.09 0.71 0.056 0.056 0.046 2.07 

9 
10 
11 

2.57 
2.14 
2.39 

27.40 
20.02 
20.02 

3*07 
2.98 
2 #92 

0.400 
0.291 
0.357 

0.600 
0.709 
0.643 

0.608 
O.83O 
0,830 

5.42 
5.53 
5.68 

mm 
X 2.37 22.48 2.99 0.349 0.650 0.756 5.56 
SD 0.22 4*26 0.08 0.055 0.055 0.128 0.13 
12 
13 
14 
17 

2.60 
2.75 
2.27 
1.93 

18.82 
18.82 
20.02 
17.70 

2.90 
3.31 
5.18 
1 »99 

0.392 
0.350 
0.493 
0.480 

0.608 
0.650 
0.507 
0.520 

0.881 
0.881 
0.830 
0.942 

5.77 
5.02 
3.21 
8.35 

x . 2.39 18-84 3*35 0.429 0.571 0.884 5.59 
SO 0.37 0.95 1.34 0.069 0.069 0.046 2.13 

Source of haemopexin 1-
R 2- 5 normal serum 
R 9-11 serum of rabbits injected tyith 3-methylcholanthrene 
R12-17 serum of rabbits injected with lead acetate 
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GROUP 2 RABBITS INJECTED WITH 100 {ig 125I-IIAE?I0PEXIN 
TABLE 8:2 ANALYSIS OF PLASMA ACTIVITY CURVE 

R wt 
(Kg) 

half-c leal 
(hoi 

C l e - M 

ranee time 
xrs) 

y-axis ii 
(fracti 

inject ec 

C1 

Uercept 
ton of 
I dose) 

C2 

rate c< 

B1 

instant 

b2 , 
1 
2 
2a 
J 
4 
5 

2*65 
2.20 
2*37 
2.88 
2.14 
1.75 

30*1 
30*1 
33 #4 
27.2 
30.1 
30*1 

4.23 
3.61 
5.46 
4.11 
2.52 
4.11 

0.344 
0.303 
O.463 
0.300 
0.399 
0.318 

0.656 
0*697 
0*537 
0*700 
0.601 
0*682 

0*554 
0*554 
0.498 
0.612 
0.554 
0*554 

5.90 
4.62 
3.06 
4.05 
6*60 
4ft)5 

X 2.33 30*17 4.01 0*355 0*646 0*554 4.71 
SD 0.40 1*96 0*954 0*065 0*065 0.036 1*31 

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

j, i Mean plasma haemopexin half-clearance time for component Cje 1 

for the whole series was 23*64 hours (SD 5*26), while half-clearance 
«•$) t 

time values for component Cgt 2 ranged from 1.69-5*46 hours. Mean 

value for y-axis intercept Cj was 0.4 (SD 0.075) of injected activity 

and C2 was found by subtracting Cf from unity* 

One rabbit excluded from the series developed a respiratory Infection 

during the experiment and two distinct rates of haemopexin 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* Kj2# it was assumed that labelled 

haemopexin was in a state of reversible equilibrium between the intravascular 

and extravascular compartments with irreversible exit from the former. 

Tables 8:3 and 8:4 show results of compartmental analysis* 

intravascular and extravascular protein mass and total haemopexin haem 

binding capacity. 



125 Figure 9o A 3-coiapartir.ent form of model used for the evaluation of plasma 1-haemopexin clearance (after 1. at ihev;s9 1057). 
Gompartnent 1 = intravascular protein 
Coapartoent 2 = urine end ffieces 
Comportment 3 - extravascuJor protein 5U 

The Ks are rate cons tar.:. O 
The label uas injected Kito compartment 1, equilibrated with compartment 3 and was assumed to have irreversible exit 
ftfEl Ctoartavftt 1 to "rine civ? foacss in conmartment 



GROUP I RABBITS INJECTED WITH 100 (ig 125I-HAEM0PEXIN 
TABLE 8:3 COHPARTMENTAL ANALYSIS 

R 
catabolic 
rate 
K12 

EV/IV 
haemo-
pexin 
Y/ST 

IV 
haemo-
£exin 
X (mg) 

EV 
haerao-
gexin 
Y (mg) 

Total 
haemo-
pexin 
(«g) 

Total haem 
binding 
capacity 
(mg) 

2 1.63 0.915 57.8 53.0 110.8 1.085 
2a 1,63 0.637 61.4 39.1 100.5 0.984 
3 1.43 0*612 65.0 39.8 104*8 1.026 
44 1.50 0*648 47.3 30.6 77*9 0*762 
5 1.56 0*516 46.0 23.7 69*7 0.682 
X 1*55 0*666 55.5 57.24 92.74 0*908 
SD 0«086 0.149 8*48 11.02 17*91 0.176 

9 1.30 0.873 47*7 41.6 89.3 0.875 
to 2.10 0.940 39.7 37.3 77*0 0.751 
11 1.84 0.825 44*2 36.4 80.6 0.789 

X 1 #75 0*£/9 43.87 38.4 82.3 0.805 
SD 0.408 0.058 4.01 2.78 6.32 0.064 
12 1.82 0*725 48.2 34.9 83*1 0.814 
13 1.90 0.720 50.8 36.5 87.3 0.855 
14 1.33 0*355 42.0 14.9 56.9 0.557 
17 1.74 0*686 35.8 24.5 6O.3 0.591 
X 1.72 0.621 44.2 27.7 71.9 0.704 
SD 0.30 0.179 6.71 10.06 15*5 0.152 

Legend as for Table 811 
EV « extravascular 
IV 3 intravascular 
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GROUP 2 RABHITS INJECTED WITH 100 fig 125I-HAEMOPEXIN 
TABLE 8*4 COMPARTMENTAL ANALYSIS 

1 "1 

R 

f " • 
catabolic 
rate 
*12 

EV/IV 
haemo-
pexin 
Y/ST 

IV 
haemo-
fiexin 
X (rag) 

EV 
haemo-
j>exin 
Y (mg) 

Total 
haemo-
pexin 

Total haem 
binding 
capacity 
(mg) 

1 1*35 1.07 49.5 53*0 102.5 1.00 
2 1*43 1.07 41 «0 43*9 84.9 0.831 
2a 0*90 0.57 44*2 25*2 69*4 0,680 
3 1.51 0.92 62.3 57.2 119.5 1.170 
4 I.23 1.00 39*7 39.7 79.4 0.778 
5 1*35 0.856 32.6 27.9 60.5 0.593 
m X 1*295 0.914 44*88 41.15 86.03 0.842 

SD 0*215 0*188 10*18 12.94 21.74 0.212 

Legend as for Table 8t2 

Mean catabolic rate* K^t for the whole aeries was 1 *53 (SO 0*28) 
times the intravascular haemopexin pool per day and extravascular haeraopexin* 
Y» was 0*77 (SD 0*2) times the mass of intravascular haemopexin* Mean 
total haemopexin haem binding capacity was 0*824 rag (SD 0*175)* For 
a 2*5 Kg rabbit, blood volume 175 mis (7% body weight) and PCV 40$# the 
following values can be calculated* 
1 * Intravascular haemopexin ~ 46*4 
2* Absolute haemopexin catabolism per day » 71 mg 
3* Extravascular haemopexin = 35*7 mg 
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* 

activity in pooled urine and faeces ranged from 87% to 92% 

of the injected dose* 
12*5 Non-protein-bound measured in all plasma samples of rabbits 

in group 2» reached maximum level approximately 24 hours after injection, 
125 

when a mean value of 2.4$ free (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* Rabbits receiving 25 mr: hoem (Group 5) 
Figure 10 shows the plasma haemopexin clearance curve obtained 

from a rabbit injected with 25 mg haem. In this instance* 80% of injected 
125 ^I-haemopexin was cleared from the plasma in 5 hours. The plasma 
clearance curve in onimals loaded with 25 rag hnem contained two components 

«b t of which C|0 1 represented the clearance of a residual of injected 
-b t 

activity* Results for correlation coefficient for points along C|e 1 
t i and C2e 2 ranged from 0*976 to 0*993• 

<&0UP 3 RABBITS INJECTED WITH 25 mg HAEH + 100 jig 125I-JIAEMOPEXIN 
TABLE 921 ANALYSIS OF PLASMA ACTIVITY CURVE 

R wt 
(Rg) 

half •̂ clearance time 
(hours) 

y*axis intercept 
(fraction of 

injected dose) 
rate constant wt 

(Rg) 
c ^ - V „ —brtt 

2C 2 C1 C2 b1 b2 
1 2*22 23.I.O 1*65 0.079 0*921 0*721 10*08 
2 2*40 21 *40 2.08 0.140 0*860 0*773 8*32 
3 2*63 25*00 1 .60 0.060 0*940 0*666 10.39 
4 2.52 27.30 1.23 0.034 0*966 0*610 13.59 
5 2*38 25.00 1.60 0.055 0*945 0*666 10*39 
6 2.65 23*10 1*55 0.059 0*941 0.721 10.70 
X 2.47 24.15 1.618 0.071 0.929 0*694 10*58 
SD 0.17 2*055 0*272 0*037 0*037 0*059 1*703 
C0N1 ROLS* 

1 2.05 20*02 5*77 0.343 0*657 0*884 2*80 
2 2.05 21 .40 4*25 0.336 0*664 0.778 3.90 
3 2.11 20*02 4*35 0.280 0*720 0*834 3*83 
4 2.03 20*02 4.05 0.259 0.741 0*834 4.10 
5 1.87 21.40 4*77 0*344 0.656 0*778 3.48 
6 2.18 13*82 4*29 0.292 0*708 0*885 3.87 
X 2*05 20.28 4*58 0*309 0.691 0*832 3.66 

SD 0*10 0.98 0*629 0.037 0.037 0*048 0.468 
125 * All control rabbits received 100 |ig 1-haemopexin 



Figure 10. Plasma clearance curve of I-haemopexin in a haeni-ioadcd 
rabbit receiving 25 mg haem« The curve is described by the exponential 
equation y = + C2e"*b2̂  

Cje"15^ ~ 23.T hours C? = 0.079 

C2e-b2l = 1 hours = 0.921 
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The results of graphic resolution in haem-locded and control 

rabbits are shown in table 9*1* It can be seen that in haem-loaded 

rabbits« 90-95% of injected activity was cleared from the plasma with 

a mean half-life of 1.6 hours (SD 0.27). Y-axis intercept C| was 0,071 

(SD 0,037) compared to 0.31 (Sp 0.037) in control animals. 

GROUP 3 RABBITS INJECTED TOH 25 mg HAEH + 100 \kg 125I-HAEMOPEXIN 
TABLE 9:2 COMPARTMENTAL ANALYSIS 

R 
catabolic 
rate 
*12 

EV/lV 
haemo-

IV 
haemo-
gexin 
X (mg) 

EV 
haemo-
£exin 
Y (mg) 

Total 
haemo— 
pexin 
(mg) 

Total haem 
binding 
capacity 
(mg) 

1 4.97 2*99 41.0 122.5 163*5 1*600 
2 5*46 2*05 44*6 91 .5 136.1 1*333 
3 5.54 3*41 48.5 165*5 214*0 2.096 
4 7.70 5*18 46.8 243*0 289.8 2.838 
5 5*66 2.43 44*2 151.5 195.7 1.917 
6 5- 70 3*19 49*0 156*2 205.2 2.010 
X 5*84 3*375 45*68 155*03 200*72 1 .966 
SD 0.949 1.02 3*02 50*90 52*38 0.513 
CONTROLS* • * 

1 1.57 0.426 38*0 16.7 54.7 0.536 
2 1.70 0.648 38.0 24*6 62.6 0*613 
3 1.90 0.653 39*3 25.7 65.0 0*637 
4 2*03 0.726 37*6 27*3 64.9 0*636 
5 1.59 0.562 34.9 19.6 54*5 0,534 
6 1*95 0.602 40.2 24*2 64*4 O.63I 

X 1.79 0.603 3S.00 25,02 61,02 0*598 
SD 0.196 O.IO3 1.806 4*026 5*045 0*049 

125 • All control rabbits received 100 fig •'I-haemopexin 
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Table 952 shows results of compartmental analysis in Group 3 

animals. Catabolic rate, K^* for haem-loaded rabbits was 5.84 (SD 0.949) 

times the intravascular haemopexin pool per day; extravascular haemopexin» 

Y* was 3*33 (SD 1.02) times the mass of intravascular haemopexin and 

total haemopexin haem binding capacity was 1.966 mg heem (SD 0.513). 

Control results for catabolic ratev extravascular haemopexin and total 

haemopexin haem binding capacity were 1.79 (SD 0.196), 0.603 (SD 0.103) 

and 0.598 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 catheterised rabbit, 85$ 

125 of injected I -haemopexin was eliminated from the plasma with a half-

clearance time of 2.1 hoursi 8 hours after zero time 55$ of injected 
125 

activity had been recovered in the urine as non-protein-bound I» and 
after 24 hours* 89^ 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 did not exceed 4.9$ of the plasma 
activity in the 24 hour plasma samples in haem-loaded rabbits and 4«3/£ 
of the plasma activity in the 24 hour samples in control animals. 

59 3. Rabbits receiving 25 mg Fe-haem (Group 4) 
125 59 In these animals plasma clearance of ^I-haemopexin and *^Fe-haem 

was studied. 
59 a) ^7Fe-haem clearance 

59 
The half-clearance times of injected ^^Fe^haem are shown in Table 10*1. 

The mean value was 2.85 hours (SD 0.882). In all rabbits receiving 
59 

25 mg haem* 90% of injected ^7Fe-haem activity was eliminated from the 

plasma between 8-17*5 hours after zero time. 
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GROUP 4 RABBITS INJECTED WITH 25 mg 5%e-HAEM • 100 ng 125I-HAFJK)PEXIN 
TABLE 10:1 CLEARANCE OF 59Fe-HAEM FROM THE PLASMA 

n Half-clearance time K (hours) 

1 3.75 
2 3*0 
3 3.5 
4 2.0 
5 2.0 
X 2.85 
SD 0.322 

59 In 5 animals, the plasma Fe-haem activity curve was resolved 
59 into 2 components and Figure 11 shows the Fe-haem clearance curve 

for 1 of these rabbits. Correlation coefficients for points lying 
jj f j. f 

along components Cj6 1 and C2e 2 ranged from 0.976-0.996. 

GROUP 4 RABBITS INJECTED WITH 25 mg 59Fe-HAEM • 100 fig 125I-HAEM0 PEXIN 

TABLE 1012 59Fe-HAEM CLEARANCES COMPARTHENTAL ANALYSIS 

R 
half-cle 
time (fa 

c ^ - V 

arance 
tours) 

y-axis i 
(fract 

injecte 

C1 

ntercept 
ion of 
>d dose) 

C2 

rate co 

b1 

nstant 

b2 

catabolic 
rate 

*12 

1 
2 
3 

6.80 
6.27 
5.20 

0.387 
0.500 
0.580 

0.622 
0,646 
0.673 

0,378 
0.354 
0.327 

2.449 
2.655 
3494 

43.3 
33.0 
28.88 

3.8 
3.95 
4.3 

X 6.09 0.489 0,647 0.353 2.766 35.06 4.017 
SD 0.815 0.097 0,026 0.026 0,385 7.43 0.257 
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0-1 
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Hours 
59i Figure, 11«. Plasma clearoncc of ""Pe-haera in a high dose haera 

rabbit receiving 25 mg haem. In this example the plasma 
clearance curve was described by the exponential equation 
y - Cjo"*!1 + C2G-b2t 

C e " ¥ = 6*27 hours C •= OM-6 1 1 
C

2
c~*1 t a o.5 hours C^ = 0*354 
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ftenultn of graphic onnly3is and values for sntabolic rate# 
ira ~iven In Table 10*2* Itean half-clearance ti:ae for component C|e~ 1 

In thf! 3 rabbits studied wag 6,09 hours (SD 0,315), while mean half-

clearance time for component C2e"" 2 was 0*439 hours (SD 0.097). llesn 

catabolic rate was 4.017 (SD 0.257) times the intravascular pool per day. 

b) -haemopexin clearance 

Tables 1111 and 11:2 show results of graphic resolution and 
125 

compartmental analysis obtained from the plasma I-haemopexin clearance 
curves of Group 4 rabbits. 
GROUP 4 RABBITS INJECTED WITH 25 ng 59Fe-HAEH + 100 jig 125I-HAE!!OPEXIN 
TABLE 1111 ,25I-HAEM0PEXIN CLEARANCE: ANALYSIS OF PLASMA ACTIVITY CURVE 

R Wt 
(Kg) 

half-cleat 
(hoi 

Cje-V 

•ance time 
irs) 

C2e*4,2t 

y-axis i 
(fracl 

injectc 

C1 

intercept 
;ion of 
id dose) 

C2 

rate co 

b1 

nstant 

b2 

1 
2 
3 
4 
5 

2.55 
3.56 
3.19 
2.15 
1.85 

33.4 
43.0 
37.6 
33.4 
33.4 

1.8 
1,6 
2*0 
2,2 
1.6 

0.073 
0,101 
0.091 
0.101 
0.178 

0.927 
0,899 
0.909 
0.899 
0.822 

0.499 
0.3S7 
0.441 
0.499 
0.499 

9.24 
10.34 
8*35 
7.53 
10,34 

tm 
X 2.62 36.16 1.84 0,109 0.891 0.465 9*16 
SD 0.65 4.23 0,26 0.040 0,040 0,050 1.24 
controls* 

1 
2 

3.42 
2.20 

36.8 
30.2 

3*4 
3.1 

0.320 
O.3OO 

0.680 
0.700 

O.44O 
0.550 

4*90 
5*36 

125 • All control rabbits received 100 ̂ g I-haemopexin 
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CROUP 4 RABBITS INJECTED WITH 25 Big 59Fe-HAEH + 100 yg 125I-HAEX0PEXIN 
TABLE 1122 125I-HAEM0PEXIN CLEARANCE! COMPAUTMENTAL ANALYSIS 

R 
catabolic 
rate 
*12 

EV/IV 
haemo-
pexin 
Y/ST 

IV 
haemo-
gexin 
X (mg) 

EV 
haemo-
gexin 
Y (mg) 

Total 
haemo-
pexin 
(ng) 

Total haem 
binding 
capacity 
(ng) 

1 4*07 4*01 47.3 189.0 236.3 2.314 
2 2*87 4.67 62*3 291.0 353.3 3.460 
3 3*18 3.84 59.2 228.0 287.0 2.811 
4 3.12 3.07 40*2 123.5 163.7 1.603 
5 2*29 2*79 34.5 96*3 130.8 1.281 
«m 
X 3*11 3.68 48*7 185.56 234.2 2.294 
SD 0*644 0*755 11.95 73.66 90*33 0*8S5 
CONTROLS* 

1 1 *15 1*24 63.1 78.2 141.3 1*384 
2 1*49 1 *21 40*8 49.5 90.3 O.883 

125 * All control robbits received 100 p.g "'I-haemopexin 

A3 in haem-loaded rabbits in Group 3 90-95$ of injected activity 

was eliminated from the plasma with a mean half-clearance time of 1 .84 hours 
j. f 

(SD 0*26)* Component C^e 1 * representing the clearance of approximately 

iO% of injected activity* had a mean half-clearance time of 36*16 hours 

(SD 4*23)* Mean y-axis intercept Cj was 0*109 (SD 0*04) compared with 

control values for Cj of 0*32 and 0*30* Mean catabolic rate* was 

3*11 (SD 0*644) times the intravascular haemopexin pool per day; mean 

extravascular haemopexin was 3*68 (SD 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 half-clearance times of component 
«4> t 

C^e 1 were 36.8 hours and 30*2 hours* 
1 2 5 

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* 125 

Non-protein-bound Jt in 24 hour plasma samples did not exceed 4.5$ of plasma activity in haem-loaded animals and 3*T% in controls. 
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4* Rabbits receiving 1 .75-4.0 cik *^Fc-haea (Group 5) 
59 a) Fc-hacin cloarancc 

In 5 out of the 6 rabbits* the plasma activity curve was described 

by a single exponential function of time with a mean half-clearance 

time of 0*608 hours (SD 0*124)* A typical example of the graph of plasma 
59 
' Fe-haem activity* plotted against time is shown in Figure 12* Correlation 

coefficients for points along the lines were in the range 0.952-0*991 • 

Half-clearance times for ^Fe-haem are shown in Table 12* 

CROUP 5 RABBITS INJECTED WITH 1 *75~4*0 mg 59Fe-HAEH + 100 fig 
125I-HAEMOPEXIN 

TABLE 12 CLEARANCE OF 59Fe-HAEBI FROM THE PLASMA 

Haem dose 
(mg) R 

Half-clearance time 
of injected ^e dose 

(hours) 

1-75 1 0*45 
1*75 2 0*65 
1.75 3 0*65 
2*00 4 0*80 
4.00 5 0*60 
4.00 6 0.50 

«• X 0.608 
SD 0*124 

b) j2f>I-haemoi>exln ciearance 

Plasma haemopexin half clearance time was studied in 6 rabbits 
125 

receiving 1 .75-4*0 nig haem* A typical example of the ^I-haemopexin 

clearance curve is shown in Figure 15* The plasma activity curve was 

resolved into 3 components and Table 13*1 shows the half-clearance times 
-b t «b t -b t of components C ^ 1 » C2e 2 and C^e 3 • values for C? * C2» C^ and 

the respective rate constants bj, b2 and Results for correlation 

coefficient for points along components Cie^l*, C2e~b2^ and 

for all rabbits were in the range 0*981-0*996. 



Hours 

59 
Figure 12. Plasma clearance of Fe-haem in a low dose haem 

rabbit receiving 1.75 nig haenu Clearance v/as described 

by single exponential function of time. Ualf-cleorance tine 

in the cxn pie shown was 0,65 hours. 
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Figure 15. PlnsEa clearance of I-haemopexin in a low dose 
haera rabbit receiving 4 haea» Tim curve is described by the 
exponential equation y a C ^ e ^ ^ * C?<eT*>2lL -i C.js^j*' 

1 = 30.1 hours C3 =. 0„20 
= 6.2 hours C0 = O .34 

C^e-^ = 1-0 hours C~ ~ O .46 
Curve 1 - exponential 1 (slope b|) = curvc 2 
Curve 2 - exponential 2 (slope b^) = exponential 3 (slope b3) 



GROUP 5 RABBITS INJECTED WITH 1.75-4.0 mg 59Fe-IIAEM + 100 pg 125I-!1AEH0PEXIN 
TABLE 13:1 ,25I-HAEH0PEXIN CLEARANCE: ANALYSIS OF PIASMA ACTIVITY CURVE 

-^Fe-haem 
(mg) R Wt 

(Kg) 
half cles 

Cje-V 

irance time 

c^-V 

i (hours) 
y-axi 

(f 
in* 

C1 

s interc 
faction 
ected dc 

C2 

;ept 
of 
>se) 

[ 
rai 

b1 

,e const; 

b2 

int 

b5 
1.7 5 
1.75 
1.75 
2.00 
4.00 
4.00 

1 
2 
3 
4 
5 
6 

1.92 
1.95 
2,40 
3.33 
2.18 
3.13 

43.0 
30.1 
30*1 
43.0 
30.1 
37.5 

3.1 
5.6 
4.7 
5.9 
6.2 
4.2 

1.0 
0.5 
0.6 
1.4 
1.0 
1.0 

0.35 
0.29 
0*27 
0.12 
0.20 
0.11 

0.31 
0.40 
O.36 
0.39 
0.34 
O.46 

0.34 
0.31 
0.47 
0.49 
O.46 
0.43 

0.39 
0.55 
0.55 
0.39 
0.55 
0.45 

5.36 
2.97 
3.54 
2.70 
2.68 
3.96 

16.7 
33.3 
27.7 
11.9 
16.7 
16.7 

x 2 #49 35.63 4*95 0»92 0.223 0.377 0.417 0.48 3.535 20.5 
SD 0.61 6.39 1.18 0.33 0.097 0.052 0.074 0.08 1.026 8.16 

Controls* 1 
2 

3.42 
2.20 

36.8 
30.2 

3-4 
3.1 

0.32 
0.30 

0.68 
0.70 

0.44 
0.55 

4.9 
5.36 

125 * All control rabbits received 100 fig I-haemopexin 
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-b t 
The mean half-clearance tine of component C^e ! in rabbito 

59 
receiving Fe-haem was 35*6 hours and mean value for y-axis intercept Cj 
was 0,223 (SD 0.097) compared with control values for Ĉ  of 0.32 and O.3O 

in the 2 rabbits studied. Values for Cj varied between 0.1! and 0.35, 
the latter being within the range of the control group* and it can 
be seen fro® Table 13*1 that the highest values for Ĉ  were associated 
with the lowest doses of haem. Control results fell within the range 
of results already obtained* except that the half-clearance times 

-b t 
of component C^e 1 were 36*8 and 30.2 hours in the 2 rabbits studied. 

Tables 1 3 : 2 and 1 3 : 3 show calculated results for permeability 
constants* extravascular protein mass* catabolic rate and total haemopexin 59 
haem binding capacity in animals receiving Fe-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 rag 5%e-HABl + 100 |ig 

t25I-HAEH0PEXIN 

TABLE 13:2 125I-HAEMOPEXIN CLEARANCE: COMPARTMENTAL ANALYSIS 

Haem 
(mg) R 

Permeabilities 
Ratio of extravascular 

to intravascular 
protein masses Haem 

(mg) 
*13 *31 *14 K41 

compt 
3 

compt 
4 

compts 
3+4 

1.75 1 3.182 1 2 . 1 7 7 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 
1.75 3 8.040 18.444 1*834 1.794 0.436 1.050 1.486 

2.00 4 3.148 7.200 1.746 0.854 0*437 2*044 2*481 
4.00 5 5.354 9.945 1*421 1.285 0.539 1*111 1*650 
4.00 6 3.854 11.019 2.599 1.039 0.350 2.501 2*851 

X 5.401 13.736 2*041 1.550 0*400 1.457 1.857 
SD 2.495 6.115 0*752 0.697 0*094 0*656 0*651 
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group 5 PAnnrrs iNJrcrrcn with i ,75-4.0 ms + 100 pg 
,25I-nAE?.!0PEXIN 

TABLE 13:3 125I-HAB!0PEXIN CLEARANCE: COMPARTMENTAL ANALYSIS 

Ha era 
(mg) R 

catabolic 
rate 
K12 

EV'/lV 
haemo-
pexin 
Y/X 

IV 
haemo-
jjsxin 
X (mg) 

EV 
haemo-
pexin 
Y (mg) 

Total 
haemo-
pexin 
(mg) 

Total haem 
binding 
capacity 
(mg) 

1.75 1 1.01 1.430 35.4 50,6 86.0 0,842 
1.73 2 1.52 1,241 36.2 45.0 81.2 0.795 
1.75 3 1.65 1.486 44.6 66.3 110.9 1,086 
2,00 4 1.98 2.481 61 ,8 153.0 214*8 2,104 
4.00 5 1.95 1.650 40.5 67.7 108.2 1,060 
4.00 <* • b 2.57 2,851 58.3 166,0 224.3 2.197 

X 1.78 1.857 46.133 91.433 137.567 1.347 
SD 0.524 0,651 11.326 53.608 64*649 0.633 

59 
In rabbits receiving "'"To-haem, mean catabolic rate was 1 ,78 

(SD 0,524) times the intravascular haemopsxin pool per day; mean extravascular 
protein was t #857 (SD 0,651) times the mass of intravascular haemopexin and 
mean total haemopexln haera binding capacity was 1.347 ®g haem (SD 0,633). 

Recovery of in the urine and faeces was 85$ (SD 4,7) of the 
injected do3e in animals receiving haem and 93$ of the injected activity 
in both controls. 

Non-protein-bound ranged from 2,1-4,1$ of the plasma activity 
in the 24 hour plasma samples of both haem-loaded and control rabbits. 

Summary of -haemopexin clearance data in normal and haem-loaded rabbits 

Table 14*1 suiranariscs results obtained in the 26 normal rabbits * 

11 high dose haem rabbits and 6 low dose haem rabbits* Blean values are 

given in each case* 
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TABLE 14*1 

controls high dose haem low dose haem 

23.62 (SD 5*50) 29.61 (SD 6.97) 35.62 (SD 6.40) 

C 2 e - V 3.55 (SD 1.07) 1.72 (SD 0.277) 4.95 (SD 1 .18) 

C1 0*372 (SD 0.077) 0.088 (SD 0*041) 0.223 (SD 0*089) 

K12 1.57 (SD 0*28) 4*60 (SD 1*629) 1.78 (SD 0.522) 

Y/ff 0.769 (SD 0.229) 3*51 (SD 0*879) 1.857 (SD 0.651) 

Mean y-axis intercept Cj in controls was 0*572 (SD 0*077) 

compared with the high dose haem result of 0*088 (SD 0*041) and the 

low dose haem value of 0*225 (80 0.089). The result of a t-test 

carried out between control and high dose haem values was t = 11.44* 

n s 36, p =<0.001 * A t-test on control and low dose haem values for 

Cj gave the result t a 4.064, n » 31, p =<0.001 * 
1 Results for catabolie 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 treated similarly* The result of a t-test between control and 

high dose haem values was t = 9*3, n « 56, p =<0.001 * The result for 

the test on control and low dose haem values was not significant 

(t = 1*34» n ss 31, p = 0*2) but if only the last three values for K|2 
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 (SO 0*651) in low dose haem animals* 

Results of t-tests were, for high dose haem rabbits and controls, 

t = 15*00, n 3 36* p ss <0.001 and for low dose haem animals and controls, 

t =» 7-102, n a 31, p =<0.001 * 
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The values in Table 14:2 for a 2.5 Kg rabbit,, PCV 40$ and blood 

volume 175 mis were calculated for a normal rabbit and for rabbits, 

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

TABLE 14:2 

control high dose 
haem 

low dose 
haem 

Haemopexin catabolised 
per day (mg) 72.84 213.44 82.59 

Fraction of total haemo-
pexin pool catabolised 
per day 

0.887 1.02 0.623 

Extravascular haemopexin 
(mg) 35.68 162.86 86.15 

Total haemopexin (mg) 82.08 209.26 132.55 
Total haemopexin haem 
binding capacity (mg) 0.804 2.049 1.298 

Results of starch ̂ el electrophoresis and lamunoquantltation 

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 methaemalbumln bands are marked and free haemoglobin 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-iix = haem-haemopexin 
lib = haemoglobin 

Figure l/,a. 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, 1/f, 24, 48 and 
72 hours after the injection of haem and labelled haemopexin. 
The volume of plasma in each insert ves 50 [il. 
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+ 

I be = haemopexin 

Figure I4b. A second slice of gel taken from the electrophoresis 
described in figure 14a was stained with Amido-Schwartz B 
in 10% acetic acid to demonstrate plasma proteins. The plasma 
samples are the same as in figure Ka. The haemopexin band 
is marked and shows a well defined peak level of concentration 
in the 24 hour plasma sample. 



Fi^r.? 1 P l a n r c n concenlrati&n of hsĉ osrexin in 3 rchbito 

receiving 35 wn hccai» Following Injection of hnerat there v/aa 

a rapid foil in tae&opexln concentration which remained low 

s.lrrirv? r-" in *>>'>: ich m • * I ?: aeisa Ens si n wca prc-û ni tf-.o 
-.fter «i\Sinr£iv:n of hricsj aVisi the ploc»:»a9 fer^^e^n 
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Figure 14b shows a gel slice in which the plasma proteins are 
stained and the haemopexin band is indicated* It can be seen that, 
following injection of haem, plasma haemopexin concentration fell* 
reaching the lowest value in the 3 hour sample. After 3 hours* plasma 
haemopexin level increased to reach a peak in the 24 hour sample. 

Radioactivity in the excised haemopexin bands decreased to 10% 

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 hacm, although there was slight variation in the extent 
of the increase in haemopexin concentration and the time interval after 
which the increase occurred* 

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 haemopexin 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 ̂ Fe-haem were bound to haemopexin in the 3 minute plasma samples 
and methamalbumin was undetectable by the methods used. Generally, 
the results were similar in other respects to those shown in Figures 14a 
and 14b. 

59 Clearance of ^ Fe-haem from albumin 
59 Plasma samples of one rabbit receiving 25 mg F̂e-haem were 

subjected to starch gel electrophoresis. The methaemalbumln bands were 
excised» the radioactivity in each band determined and expressed as a 

fraction of the activity of the methaemalbumin band in the 3 minute sample • 
59 The half-clearance time of Fe-haem from albumin was 3*3 hours. 
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125 Clearance of I-hacmopcxln from the plasma of rabbits ?,ith intravascular 
haemolysis 

a) Injection of haemoglobin 
To investigate the effect of a single haemolytic episode on plasma 

haemopexin concentration * 600 mg ̂ Fe-haemoglobin (equivalent to 24 mg 
haem) were injected into a 4*25 Kg rabbit* 

59 The plasma clearance curve of Fe-haemogiobin is shown in Figure 16* 

Clearance was described by a single exponential function of time and 

the correlation coefficient for points lying along the line was 0*9995* 
59 
^ Fe-haemoglobin was eliminated from the plasma with a half-clearance 

time of 1*2 hours * 

of the injected activity was recovered in the urine after 59 
24 hours. 14*1$ being excreted in the 2 hours following Fe-haemoglcbii\ 
injection* 

Plasma sfpples 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 clearly defined and shows no decrease 
in haem associated with haemopexin until clearance of haemoglobin from 
the plasma is almost complete* 
b) Phenvlhydrazlnc-trcated rabbits 

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

125 prior to ^I-haemopexin injection* 
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f o 
Fiflnre, l6a Plasma clearance of * * A n in a /»»25 Kg 
rabbit receiving ('DO ng ^re^haersogloMn* Clearance was described 
by a single exponential function o? time© Ibl.f-clearance tirce 
\7Ci:3 J *2 houra• 



H-H* 

H-Iix = haem-haemopexin 
lib = haemoglobin 

Figure 17« Haemoglobin 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 
)ands are marked. 
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TABLE 15 PIIENYLHVDRAZINE-TREATED RABBITS 

R Day Reticulo-
cytes % 

Plasma Hb 
mg/lOO mis 

Whole blood 
lib g/100 mis 

PCV % Methoemalbumin 
on starch gel 

1 5.5 It .5 13*6 38 
3 7.0 12.6 12.0 37 -

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 distinct 
17 14.2 26.8 If .2 39 distinct 
21 14.4 30.4 11.4 39 distinct 

1 4.8 16.0 13.8 39 -

3 6.8 11.2 12.6 38 -

8 11.2 18.2 12.0 38 -

2 10 13-3 21.4 11.8 38 faint 
15 14.5 23.0 11.4 38 distinct 
17 14.3 28.2 11.4 38 distinct 
21 14.7 33.4 11.2 38 distinct 

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

The plasma haemopexin clearance curves for both phenylhydrazine-
treated animals 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 figure 13* The clearance curve was resolved into 
3 components; Cje^l*, C a w * C^e"*^* and Tables 16:1, 16:2 and 16:3 
show results of graphic resolution and compartmental analysis for 
phenyitydrazine-treated rabbits. The experimental model used is shown 
in Figure 7* 

It can be seen from Table 16:1 that y-axis intercept Cj values 
of 0.147 and 0.171 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 the 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 haem. 



PIIENYLWDRAZINE-TREATED RABBITS INJECTED WITH 100 pg 125I-IIAEH0PEXIN 

TABLE 16:1 ANALYSIS OF PLASMA ACTIVITY CURVE 

R Wt 
<&g) 

half ch 

C ^ l * 

earance time 

C2e-b2t 

(hours) 

-b t C f 3 

a 

(fractio 

C1 

sis interc 
n of injec 

C2 

ept 
ted dose) 

S 

rat 

b1 

e cons tan 

b2 

ts 

1 
2 

3.17 
3.50 

33.4 
30.1 

4.76 
5.08 

0,6 
1.1 

0.147 
0.171 

0.541 
0.480 

0.469 
0.520 

0.499 
0.555 

3.5 
3.26 

27.7 
15.3 



PiiENYLHYDRAZINE-TREATED RABBITS INJECTED WITH 100 ug 125I-IIAEuiOPEXIN 

TABLE 16:2 COMPARTMENT AL ANALYSIS 

R 
Permeabilities Ratio of extravascular 

to intravascular protein masses 

K.5 K u <41 compt 3 coiupt 4 compts 3+4 

1 
2 

6.614 

3*3H 

19*945 
IO.883 

1 .877 

1 .623 

1 .145 

U233 

O.332 

0.300 

1.639 
1.310 

1.971 
1 .610 

TABLE 16; 3 COMPART'uENTAL ANALYSIS 

R 
catabolic 
rate 
K12 

EV/lV 
haemopexin 

IV 
haemopexin 
X (mg) 

EV 
haemopexin 

(mg) 

Total 
haemopexin 

(mg) 

Total haem 
binding 

capacity (mg) 

1 2.14 1.971 58.8 116.0 174.8 1.712 
2 2.04 1.610 65.0 105.0 170.8 1.665 
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DISCUSSION 
This investigation has been concerned with the fnte of hoemoglobin 

liberated into the plasma as a result of intravascular red cell destruction* 
The plasma proteins haptoglobin* haemopexin and albumin are involved 
in the elimination of free haemoglobin and haea from the circulation: 
haptoglobin binds haemoglobin whereas haemopexin and albumin bind hacm* 
These mechanisms for haemoglobin and haem clearance result in the 
catabolism of haem in hepatic parenchymal cells with retention 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 haptoglobin* However* when the rate 
of intravascular red cell destruction is increased* haptoglobin 
is depleted as a result of rapid catabolism of the haptoglobin-haemoglobin 
complex (Freeman* 1964)* As replacement of haptoglobin by synthesis 
does not rapidly compensate for the loss of the haptoglobih-h&emoglobin 
complex* plasma haptoglobin concentration may fall to zero* Consequently* 
the haemoglobin level in the plasma increases and renal excretion 
of haem-globin dimer (&{3 subunit) may occur if haemolysis is severe* 
Free circulating haemoglobin is oxidised to methaemoglobin from which 
the haem moiety dissociates and is bound by haemopexin and albumin* 

The objectives of the present investigation were: to make 
an accurate quantitative study of haemopexin turnover in normal and 
haea-loaded rabbits; to investigate the effect of haem on haemopexin 
distribution and to study the relationship between total body haemopexin 
haem binding capacity and the amount of haem cleared from the plasma* 
In order to discover the extent of haemopexin involvement in the plasma 
clearance of haemoglobin and its metabolites* haemopexin turnover was 
measured in animals with increased red cell destruction due to administration 
of phenylhydrazine* 
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HAEMOPEXIN TURNOVER 

The labelled hacraopexin used in these experiments was pure, 

haem-free, undenatured and in the raonomeric form. The protein was 

shown to be biochemically active and it was assumed to form, in vivo* 

a homogeneous pool with endogenous haemopexin* The use of perchloric 

acid in the preliminary stages of haemopexin purification provides 

a protein which is readily iodinated and aggregation of the purified 

protein is minimised, probably because oxidation of labile sulphydryl 

groups occurs* The protein aggregation in haemopexin preparations 

purified by methods avoiding the use of perchloric acid makes the 

material entirely unsuitable for measurement of fractional catabolic 

rate* 
125 

For evaluation of I«haemopexin clearance* the procedure and 

nomenclature of Matthews (1957) were used* Matthews described a model 

with 3 or 4 compartments, as shown in Figure 7* for the analysis 

of gamma 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 intravascular compartment* It is assumed that 

the system is in dynamic equilibrium, total protein in each compartment 

being constant, that rate of breakdown is equal to the rate of synthesis 

and that rates of transfer from one compartment to another are constant* 125 

In general, following the intravenous injection of I-labelled 

protein, there 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 activity becomes constant in rate* 
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125 I-haemopexin clearance* studied in normal and haera-loaded 

rabbits» showed that haem increased hcemopexin catabolism* In normal 

robbits, hnemopexin was cleared, from the plasma with a half-clearance 

time of approximately one day, Experiments in haem-looded animals 

showed that the haem-baemopexin complex is rapidly catabolised* the 

extent of hoemopexin catabolism being dependent on the amount of haem 

injectcd* 
Normal haemopexin turnover 

Normal human plasma contains approximately 0*3 mg haemoglobin 
per 100 mis plasma: rmoimts of haemoglobin of this order are bound 
and cleared by haptoglobin, which has a haemoglobin binding capacity 
of 50-150 mg per 100 mis plasma (Bunn* 1972)* Thus* in normal animals* 
haemopexin vras assumed to be cleared from the plasma in the ha em-free 
state. 

In normal rabbits, clearance of labelled haemopexin from the 
plasma was consistent with fractional catabolism from a homogeneous 

125 
plasma pool and non-protein-bound in the plasma could be attributed 

to catabolism of normal haemopexin* 

43/S of total haemopexin was extravascular* mean extravascular 

haemopexin being 0*77 times the mass of intravascular haemopexin. 

Fractional catabolic rate was 1,53 times the intravascular haemopexin 131 
pool per day, compared with values of 0,3-0*4 for I-fibrinogen 
(McFarlane* 1963) and 0,161-0,21 for 11-albumin (Matthews# 1957). 

It was of interest that the plasma half-clearance times in the 
two groups investigated were significantly different: zaean values were 
20,4 hours and 30,17 hours respectively and a t-test carried out on the 
half-clearance times gave the result n » 17* t = 8,46* p< 0,001, This 
may be due to a batch defect in the haemopexin 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 Groups 1 

and 2 both received haemopexin purified from the serum of rabbits 

injected with 5-»nethyicholonthrene« The difference in plasma half-clearance 

times was approximately 30j£ and from a biological viewpoint this could 

be less significant than statistical analysis indicated* 

Haemopexin turnover in haem-loaded robbits 

In rabbits injected with 25 mg haem, total haemopexin haem binding 
. tkfi-taâ ort̂  

capacity was calculated to be 0*7*1 mg haem; j[25 mg hacm saturated 

endogenous and labelled haemopexin» excess haem being rapidly bound 

by albumin* The 5 minute plasma samples, electrophoresed in starch gel, 

showed methaemalbumin in the plasma* 125 
Comparison of plasma I-*o«eopexin clearance curves in normal 

and haem-loaded rabbits showed that the haem-haemopexin complex was 

rapidly eliminated from the plasma* In haem-loaded animals 90% of the 

labelled protein was cleared from the plasma within 8 hours of injection* 

Following injection of 25 mg ham* immunoquant it ation showed that 
plasma haemopexin concentration fell by 27*501% within 8 hours* Over 

125 
the same period, Î«-activity in the starch gel haemopexin zone decreased 

by 90^ and continued to decline, indicating that the rise in plasma 

haemopexin concentration after 8*12 hours was caused by newly synthesis ed 

haemopexin* Low plasma haemopexin levels coincided with methaemalbuminaemia* 

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 cathefcerised rabbit showed that 

55% of injected activity was present in the urine as non-protein-bound 

within 8 hours of *2-*I-haemopexin injection* Evidence for increased 

haemopexin catabolism was also obtained from compartmental analysis 

of the plasma activity curves mean catabolic rate was 3-4 times higher 

than in normal animals* 
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Injection of haem also affected haemopexin distribution: in rabbits 

receiving 25 mg hacm a larger fraction of total haemopexin was located 

in the extravascular pool® Extravascular haemopexin* expressed 

as a fraction of the intravascular haemopexin mass* increased by 3*4 tines. 
In animals receiving 1 .75-4*0 mg haem, because the haen was injected 

125 

prior to I-haemopexin, the haem was bound by endogenous haemopexin 
leaving a variable amount of excess haem available for binding by labelled 
haemopexin* The omount of haem-haemopexin complex formed depended on tlie 
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 haem before administration of labelled haemopexin and these 
animals gave results which fell within the normal range. The initial 
rapid fall in plasma activity in animals receiving 2 mg and 4 nig haem 
was caused mainly by elimination of the haem-haemopexin complex from the 
plasma: equilibration of labelled haemopexin and haem-haemopexin and 
catabolism of residual haem-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, 
expressed as a fraction of the intravascular haemopexin mass, increased 
by 1.5-2 times. 
llaemopexin turnover in rabbits with Intravascular haemolysis 

To investigate the effect of a single haestolytic episode on plasma 
haemopexin turnover, ̂ %e-haemoglobin equivalent to 24 mg haem was 
injected intravenously into a rabbit* Following haemoglobin injection, 
absence of methaemalbumin in the plasma was demonstrated by starch gel 
electrophoresis of plasma samples. Haem-haemopexin t;as present in starch 
gel, but this band did not show the fall in concentration which was observed 
3 hours after injection of 25 mg haem. Thus* there did not appear to be 
a significant increase in haemopexin 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 capacity of the renal tubules was exceeded, activity appeared 
in the urine. 

As an alternative to haemoglobin injection, phenylhydrazine was 
125 

administered to induce intravascular haemolysis. Prior to I-haemopexln 
injection, plasma samples of phenylhydrazine-treated rabbits were 
electrophoresed in starch gelj haemoglobin and methaenolbumin were present 
in the plasma, 

Phenylhydrazine-treated rabbits gave similar results to rabbits 
receiving 2 mg and 4 mg haem: catabolic rate was approximately 1,5 times 
higher than in normal animals and extravascular haemopexin mass increased 
by 1,5-2.0 times. Thus, in rabbits with plienylhydrazine-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 59Fe-HAEM FROM TIE PLASMA 

The results confirmed that rate of elimination of haem depended 

on the amount of haem injected (SOller-Eberhard et̂  al,f 1969)• Small 

doses of haem were cleared from the plasma at a faster rate than large 

amounts of haem, 
59 

When the dose of Fe-haem did not exceed the binding capacity 
of endogenous haemopexin, clearance was consistent with removal of haem 
from a homogeneous plasma haem pool of haem-haemopexin: clearance of the 
59Fe label was described by a single exponential function with a mean 
half-clearance 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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125 In animals receiving 25 rag Itnem, the plasma Fe clearance curve 
was evaluated into two exponential functions, indicating the presence 
of two or more haem pools, of tvhich haem-haemopexin and raetheemalbumin 
were the most important. 00% of the injected activity was eliminated 
from the plasma between 8 and 17*5 hours after zero time, with a half-
clearance time of 2.O-3.75 hours. Catabolic rate 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 dose can be eliminated per day. 

Rapid elimination of haem from the plasma as a complex with 
haemopexin has two ptysiologically important functions: iron loss 
from the body is prevented and rapid 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 fundamental 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 haeraolytic disorders and Kaye, Gill and Cook (1967) 
demonstrated increased susceptibility to salmonellosis in mice treated 
with phenyihydrazine. 

THE ROLE OF HAEMOPEXIN IN PLASM HAEM CLEARANCE 

Haemopexin is catabolised in the process of transporting haem 

to the liver and can be placed with haptoglobin In the group of "suicidal" 

proteins (Freeman, 19&4)« Since haem-haemopexin is rapidly catabolised, 

the amount of haem removed by endogenous haemopexin 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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J!t is not known if haua is transferred to the liver by metnaci.ialbuniin: 

present evidence jug^eats that this is unlikely, Uilllcr-i^jcrimrd ct al., 

(1 -dcmonstrc-tccl rapid in vivo truu>f(;r of huem tvom melhaeciaiburain 

to haenopexin in the rabbit and showed that '""̂ I-labelled albumin and 

nethaer'nlburain v;cre clcared from the piasiua at the same rate, with 

n half-clcnronce time of 4-5~5*5 days. They concluded that most, if not 

nil, circulating hae.u is removed from the plasma in the form of the haem-

haemopcxin complex. 

The 3-4 fold increase in haemopexin turnover observed in rabbits 

receiving 25 mg haem is insufficient to account for the entire elimination 

of 25 mg hnem within 12 hours of injection. In the presence of methaernalbumin, 

a large proportion of nev/ly synthesised haemopexin would bind haera and 

be rapidly catabolised. It is likely that, as hepatic parenchymal cells 

are probobly the site of hoemopexin synthesis and catabolism, rapid 

transfer of haeni fron methaemalbiaain to haemopexin could occur within 

the liver in close proximity to hepatic parenchymal cells. The haem-

haemopexin complex would then be very rapidly eliminated and most of the 

haem transfer process would be beyond the reach of the methods of investigation 

used. In animals receiving haera, it is probable that the rise in catabolic 

rate understated the extent by which synthesis rate was increased and 

plasma haenopexin concentration gave a poor indication of the extent 

of increase in synthesis rate and the size of the total haemopexin pool. 

Thus it is possible that haem transfer to hepatic parenchymal cells 

is a specific function of haemopexin. However, in subjects made haemopexin 

deficient by haem injection or chronic intravascular haemolysis, only 

methaemalbumin is present in the plasma and yet haea continues to be 

eliminated, although at a slower rate than in normal subjects (Sears, 1970)* 
59 

Sears injected approximately 1 nsg Fe-haem per Kg body weight into 

normal and haemopexin deficient human 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*2 hours, whereas, in haenopexin deficient 

plasma, haera clearance was described by two exponential functions of mean 
59 

half-clearance times of 5*9 hours r.nd 22.2 hours respectively, Fe-haem 

clearance in the rabbit in the present investigation was consistent with 

these results. In haemopexin deficient subjects, transfer of luem from 

methaeraalbumin to neuiy synthesiscd haemopcxin could take place in the 

liver in the vicinity of the parenchymal cells* If this occurred, the 

apparent clearance rate of hacm from methaemalbumin v/ould reflect the 

rote of production of newly synthesised haemopexin by hepatic parenchymal 

cells. 

In conclusion, the present experiments showed that labelled 
haemopexin was eliminated from the plasma of normal rabbits with a half-
clearance time of 20-30 hours, compared with values of 2.5-3.0 days for 
1 ̂  I-fibrinogen (AIcFarlane, 19&3), 5*0-8.4 days for 1^I-albumin and 

131 
5.3-7*0 days for J I-gamma globulin (Schultze and Heremans, 1966). 
Clearance was consistent with catabolism of normal, haem-free, haemopexirt. 

In haem-loaded and phenylhydrazine-trcated rabbits, the increased 
turnover of haemopexin is explained by the rapid elimination of the haem-
haetaopexin complex froa the plasma followed by catabolism of the complex. 
As haemopexin is catabolised as a result of its haem clearance function 
it may be regarded as "suicidal11 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 binding capacity and transfer of haem to hepatic parenchymal 
cells may be a specific function of haemopexin. It is likely that the 
haemopexin synthesis rate is capable of a marked increase in response 
to rising levels of plasma haem. 
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Hemopexin metabolism in the rabbit 

R. S. L A N E , D. M. R A N G E L E Y London, England II. II. LIEM, S. WORMSLEY, 
and U. M U L L E R - E B E R I I A R D La Jolla and San Diego, Calif. 

Plasma clearance of homologous l25l-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 125l-hemopexin from the plasma was shown by computer 
analysis to fit a pattern described by a double exponential equation of the type, 
y = C|e-bl* + C2e~b2t where C|, C2, and b|, b2 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 
l25l-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. 

T h e physiologic role of hemopexin as a specific heme-transport ing protein 
has recently been reviewed8 and no published information about the metabolism 
of this protein is cur rent ly available. 

Accordingly, plasma clearance of 125I-labelled, purified homologous hemo-
pexin has been studied in the rabbit . The results are described here and at tent ion 
is drawn to certain problems connected with this work which may be of impor-
tance in the p lanning of f u t u r e 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, Ty2 , and ra te constants 
of components A and B; values for catabolic rate and extravascular hemopexin 
were derived f rom compartmental analysis of the plasma clearance curve 

Group 
No. in 
group 

Source 
of 

plasma 
for 

hemo-
pexin 

Mean 
weight 
(leg-) 

y-axis 
intercept: 
fraction of 

injected dose 

Half 
clearance 

time 
(hours) 

Bate 
constant 

Cata-
bolic 
rate 

Extra 
vas-

cular 
hemo-
pexin 

Group 
No. in 
group 

Source 
of 

plasma 
for 

hemo-
pexin 

Mean 
weight 
(leg-) c, c, A B Ki Y/X 

1 5 Normal 2.99 0.453 0.533 20.7 2.40 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 22.5 2.23 0.74 7.74 1.79 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 

Induced 2.32 0.348 0.620 28.8 3.94 0.58 
3-MC (0.055) (0.050) (2.09) (0.55) 

4.5 1.25 0.83 

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 method11 which was then followed by the purification technique of Muller-
Eberhard and English.0 Each batch of purified hemopexin was labeled with izslodine mono-
chloride (New England Nuclear Corp., Boston, Mass.) according to the method of McConahey 
and Dixon* and through the courtesy of Dr. F. J. Dixon, Jr. By this method, 0.1 to 0.2 atoms 
of iodine were bound to each molecule of hemopexin. Specific activity of the labeled hemopexin 
samples was determined and found to vary between 1.59 x 10? 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 electrophoresis 
in polyacrylamide gel.1 Serum hemopexin concentration was determined by quantitative radial 
immunodiffusion.2 Since purified hemopexin in solution tends to undergo aggregation, after 
iodination, 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 hemopexin 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: Eabbits 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. 

!25l-hemopexin was diluted with isotonic saline to give a protein concentration of 50 fig 
per milliliter; a weighed sample and standard were then prepared. The marginal vein of the 
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l o f t oar was cannulated and a small blood sample taken for estimation of hematocrit. A t zero 
time, 100 /ig of i-'>T-hemopexin wore injected and washed through the cannula with 2 nil. of 
isotonic saline. A f t e r .'5 minutes, a 0.5 nil. blood sample was taken from the opposite car and 
further venous samples wore taken at intervals during an 80 hour period, by which t ime 
plasma i'-r»L" act ivi ty had dropped to less than 5 per cent of the injected dose. Radioact ivi ty 
and hematocrit woro determined on each blood sample and radioactivity was expressed as 
count, minute-1 , ml.-1 plasma. Appropriate , weighed standards of ^s l - i icmopexin wcro also 
counted. Al l 1 - / i I act iv i ty was determined in a well-type scintil lation counter and under the 
conditions used, the counting error w a s within 1 per cent of the total counts measured. P lasma 
volume was calculated on the basis of body weight. 

I n Group 4 experiments, besides the estimation of radioactivity and hematocrit, the 
percentago of nonprotein-bound i s s i i a ull plasma samples was estimated. For this purpose 
ion-exchango resin was used ( Iobeads : inorganic iodine resin for protein-bound-iodine estima-
tion, Technicon Chemical Company Inc., Tarrytown, N . Y . ) because of the high solubility of 
hemopexiu in acid solution prevented i ts complete precipitation from plasma with either tri-
chloroacetic acid or phosphotungstic acid. 

For the analysis and graphic resolution of experimental data and calculation of meta-
bolic rate, the procedure and nomenclature adopted by Matthews3 was used throughout. P lasma 
1 2 5 I levels wcro calculated, then expressed as a fract ion of the injected dose and plotted against 
timo on semilogarithm paper, permit t ing graphic resolution of a plasma curve with two com-
ponents A and B. From the graph and by computer analysis by the method of least squares, 
tho slope, y-axis intercept, and half-clearanco time of each component was determined. 

Becauso plasma hemopexin was rapidly catabolized, experiments were concluded early on 
tho 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 t ime of hemopexin injection. The total excreted i s s i act iv i ty 
was estimated and expressed as a percentage of the injected dose. 

Results 

Electrophoresis, spect rophotometry assay, and heme-binding estimations 
indicated tha t the labelled hemopexin was pure, heme-free, and biochemically 
active protein in monomeric fo rm. As explained, the monomeric state was well 
preserved when hemopexin was stored in homologous, purif ied t r ans fe r r in 
solution. 

Dur ing the experiments recorded here, all the rabbits remained healthy and 
increased in weight. Two rabbi ts were excluded f rom the series because they 
developed respira tory infections which affected the metabolism of hemopexin. 

I n 6 experiments of Group 4, non-protein-bound 125I in plasma reached its 
maximum level approximately 24 hours a f t e r injection, when a mean value of 
2.4 per cent f ree 125I (S.D. 0.42) was determined. This showed tha t in vivo loss of 
hemopexin label occurred only as a result of normal hemopexin catabolism. 

I n all experiments, recovery of 125I in the pooled ur ine and feces f rom a 5-day 
collection was estimated and found to be between 87 and 92 per cent of the 
injected dose. 

Hemopexin plasma clearance curves were drawn, the example shown in 
Fig. 1 being characteristic of the series. The curve was resolved into components 
A and B, each described by an exponential funct ion and having y-axis intercepts, 
Ci and C2 and slopes bi and b2, respectively. The half-clearance time (TV2) of 
each component was determined. A f t e r approximately 20 hours, the plasma 
clearance curve became linear (Component A) and remained linear unt i l 125I-



938 Lane et al. J. Lab. Clin. Med. 
June, 1972 

H o u r s 

Fig. 1. The pattern of plasma clearance of homologous issl-labelled hemopexin in the rabbit is 
shown. The curve is described by the double exponential equation y = C^e-bit + C2e-b2t 
Cj and C3 being the y-axis intercepts, and b1} b2 the rate constants of components A and B, 
respectively, of the plasma clearance curve. The T% of components A 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 A in the 
18 examples studied were used to calculate the correlation coefficient for each 
line. Individual results for the correlation 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 described by the exponential term Cie~blt. 

I n Table I are shown: (1) The mean values from each Group for Ci and C2, 
the Ty2 (hours), and rate constants bx and b2 of components A and B, respec-
tively. Standard deviations, where calculated, are shown in brackets. (2) 
Catabolic rate Ki calculated from: 

Ci/bi + C2/b2 

expressed as a fraction of the intravascular hemopexin pool per day. (3) Extra-
vascular hemopexin (Y) derived from: 

Y = CiC2 (b2 - bx)
2 

(Cxb2 + c 2 b 0
2 

expressed as a fraction of the intravascular hemopexin pool (X) . 
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Plasma hemopexin T1/* for the whole series was approximately 1 day: 
expressed as a fraction of reported values for Ti/2 rabbit albumin and IgG12 

and rabbit fibrinogen,5 values of 0.1 to 0.2 and 0.3 to 0.5, respectively, are 
obtained. Mean Ti/> values for component li were between 2.23 and 3.94 hours. 
Equilibrium of injected hemopcxin between the intravascular and extravascular 
compartments was complete within approximately 20 hours, that is, approaching 
the plasma T1/^ of hemopcxin. 

Y-axis intercept values C2 and C2 were 0.35 to 0.45 and 0.53 to 0.64, respec-
tively, and compared favorably with the results of similar investigations on 
homologous albumin and IgG in rabbits.3 These results confirmed that the in-
jected hemopexin contained only insignificant amounts of denatured or ag-
gregated protein. 

Catabolic rate K1( expressed as a fraction of the intravascular hemopexin 
pool catabolized per day, was determined from compartmental analysis to be 
1.57. Extravascular hemopexin was calculated to be 0.75 times the intravascular 
hemopexin pool. Mean plasma hemopcxin 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.7 Assuming a rabbit weighing 
2.5 kilograms, to have a blood volume of 175 ml. (7 per cent of the body weight) 
and a hematocrit of 40, total intravascular hemopexin would be 44.4 mg. 

The following values for rabbit hemopexin can be calculated: (1) Catabolic 
rate (fraction of total hemopexin pool per day) equals 0.84; (2) extravascular 
hemopexin (Y) equals 35 mg.; (3) absolute hemopexin catabolism per day 
equals 66 mg.; and (4) total hemopexin-heme binding capacity equals 0.44 mg. 

To calculate 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 12SI-hemopexin from plasma was shown by 
computer analysis to fit a pattern described by the double exponential equation 

y = CiC-blt + C2e"b2t 

where Ci, C2 and bi, b2 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 one 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 IgG3 was 
applied to the analysis of hemopexin: it assumed that hemopexin catabolism 
occurred within the intravascular compartment. 

Clearance data also indicated that hemopexin used in these experiments was 
pure, undenatured, and not aggregated: values for Ci and C2 and the rate of 
decrease in plasma 125I activity during the early phase of intercompartmental 



940 Lane et al. J. Lab. Clin. Med. 
June, 1972 

equilibration were within acceptable limits; values for the level of nonprotein-
bound 125I 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 Ty2 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 Ty2 between Groups 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 
successfully used for the determination of its physicochemical characteristics,6 

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 i t 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 perchloric acid stage in 
hemopexin preparation inhibits protein aggregation once the hemopexin is 
purified, probably by oxidation of one or more labile sulfhydryl groups on the 
molecule. "While the extent of this oxidation may influence hemopexin metabolism, 
the aggregation of protein which occurs in other hemopexin preparations presents 
an even greater hazard and such material is entirely unsuitable for measurement 
of fractional catabolic rate. 

K. S. Lane thanks Dr. A. S. McFarlane for his advice. 
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Summaky . Plasma clearance o f 125I-labe]letl r abb i t h a e m o p e x i n has been .studied in 
six n o r m a l con t ro l rabbits and in a test g r o u p o f rabbi ts haem- loaded wi th 25 m g of 
h a c m . 

Fo l lowing in t ravenous inject ion, equi l ibra t ion o f 1 2 5 I -haemopcx in between 
intravascular and cxtravascular c o m p a r t m e n t s appeared to be comple te wi th in 
24 h r and the decline in plasma act ivi ty then becamc cons tant in rate. T h e plasma 
activi ty cu rve was resolved into t w o exponent ia l func t ions of t ime and f rom the 
data, f ract ional catabolic rate, in t ravascular :cxt ravascular distr ibution of h a e m o -
pcxin and totnl haem binding capacity we re calculated. 

Control group. Mean plasma half-clearance t ime of h a e m o p e x i n was 20.3 h r ; 
f ract ional catabolic rate was r.8 (SD 0.19) t imes the intravascular haemopexii i pool 
per day. Extravascular haemopex in was 0.6 (SD 0.11) t imes the mass ot haemopexin 
in the intravascular pool . 

Test group. 9 0 - 9 5 % o f injected l 2 5 I - ac t iv i ty was e l iminated f r o m the plasma 
w i t h a mean half-clearance t ime o f 1.57 h r a n d was associated wi th a significant 
u r ina ry excret ion o f labelled iodine. Fractional catabolic rate was 5.84 (SD 0.3) 
t imes the intravascular haemopex in pool per d a y and extravascular haemopexin was 
3.38 (SD 1.03) t imes the mass of haernopexin in the intravascular pool . 

H a e m o p e x i n concent ra t ion in n o r m a l r abb i t p lasma was 31-52 m g / r o o ni l ; 
intravascular plus extravascular h a c m o p c x i n was 54.5 m g (mean value) and total 
h a c m b ind ing capacity o f haemopex in was 0.53 m g (mean value). 

Intravascular h a c m rapid ly c o m p l e x e d w i t h h a e m o p e x i n and the data suggested 
tha t this c o m p l e x was p r o m p t l y e l iminated f r o m the plasma and the haemopexin 
catabol izcd. 

T h e g lycopro te in haemopex in binds h a e m (Aber & R o w e , 1960) and is involved in its 
e l iminat ion f r o m the plasma (Sears, 1968, 1970; Mu l l e r -Ebc rha rd et al, 1969). T h e plasma 
concent ra t ion o f h a c m o p c x i n decreases a f te r adminis t ra t ion o f h a c m to humans and rabbits 

Correspondence: Dr R. S. Lane, M.R.C. Experimental Haemato logy Unit , St Mary's Hospital Mcdical School, 
London W 2 iPG. 
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(Scars, 196S, i(X>9) there; is evidence that, after b inding haem, haemopexiu is eliminated 
f r o m the plasma as the haem-haemopexin complcx (Mullcr-Eberhard ct al, \\y/o). Sears 
(1969) observed that depletion of plasma haemopexin levels after haemarin injections could 
result either f r o m inhibition of synthesis, or, m o r e probably, by enhancement of clearance 
o f haemopexin f r o m the plasma. 

Plasma clearance of labelled haemopexin has been studied in normal rabbits (Lane ct al, 
1972) and the effect o f intravascular haem on the catabolistn of haemopexin has now been 
investigated. These results arc presented in this communica t ion . 

M A T E R I A L S A N D M E T H O D S 

T h e preparation of materials and the methods used for the study of plasm.1 haemopexin 
clearance in normal rabbits have been fully described elsewhere (Lane ct al, 1972) and the 
present experiments were carried ou t in a similar manner . N e w Zealand white rabbits 
weighing 1.9-2.7 kg were used. 

Experiments were per formed wi th a single ba tch of purif ied rabbit haemopexin which 
was labelled wi th 1 2 5I according to the me thod described by McConahey & Dixon (1966) 
using I in o . 1 2 5 t N reductant-frce sodium hydroxide . Specific activity of the labelled haemo-
pexin was 6 x io 8 d p m per m g haemopexin . Crystall ine haem was purchased f rom Koch-
Light Laboratories Ltd: for use, haem samples were dissolved in 0.15 M sodium carbonate 
solution. Plasma samples and appropriate 1 2 5 I -haemopexin standards were counted 011 a 
Packard A u t o g a m m a Spectrometer; count ing e r ror was wi th in r% of the total counts 
measured. Blood volume in the rabbits was taken to be 7% of body weight (Wiseman & 
Irving, 1963). 

Starch gel electrophoresis. Plasma samples f r o m rabbits receiving hacm and haemopexin 
were studied by 'starch-gel electrophoresis. T h e br idge buffer was prepared fiom 0.3 <m boric 
acid and 0.06 m sodium hydroxide, p H 8.2; for the gel buffer, i vol of bridge buffer was 
diluted wi th 9 vol o f distilled water. Samples o f plasma (50 ;d) were applied to the gel and 
were electrophoresed vertically at 2.5 V/ctn for r6 hr at 4°C. T h e complete'.] gel was sliced 
and stained to show haem wi th a mixture of equal volumes of 1% benzidine in 90% acetic 
acid and 3% hydrogen peroxide. Af ter staining, the haemopexin bands were cut f rom the 
gel and their 1 2 5I-activity determined. 

Selected samples of rabbit plasma were used fo r the estimation of haemopexin concen-
tration by quantitative radial immunodif fus ion (Mancini ct al, 1965) according to the 
modif icat ion of Smiber t et al (1972). 

T h e study o f haemopexin clearance f r o m the plasma o f normal and haem-loaded rabbits 
was carried out in t w o groups of animals. Cont ro ls were six normal rabbits which each 
received an intravenous injection of 100 ;tg 1 2 5 I -haemopexin in isotonic saline. After c o m -
pleting this exper iment , these rabbits were rested for 3 weeks and then 115,cd again in the 
test g roup , to which an extra rabbit was added mak ing a total of seven. Test rabbits had an 
intravenous catheter passed into the lateral vein o f the left ear: th rough this catheter, 25 m g 
haem in 2 ml of sodium carbonate solution was slowly injected and washed in with 2 ml 
of isotonic saline; this was followed 5 min later b y 100 //g 1 2 5 I -haemopexin, also washed in 
wi th 2 ml of isotonic saline. 
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After the injection of 1 2 5 I -haemopexin at zero t ime, 1 ml blood samples were taken at 
intervals dur ing a period of 96 hr . Aliquots of plasma were taken for determination of radio-
activity, plasma haemopcxin concentrat ion, starch gel electrophoresis and non-prote in-
b o u n d l 2 5 l activity. Ur ine and faeces were collected for a total o f 5 days and the l 2 5 l content 
de termined 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 h r before the injection of haem, 
permit ted m o r e exact informat ion to be obtained 011 the ur inary excretion of , 2 SI . 

R E S U L T S 

T h e labelled, purif ied haemopcxin was shown to be hacm-f ree and biochemically active 
protein in m o m o m c r i c f o r m by carrying out polyacrylamide gel electrophoresis, spectro-
p h o t o m e t r y analysis and haem-binding estimations as described by F lrkal & Muilcr-Lberhard 
(1971). I11 addi t ion, dur ing the metabolic exper iments , the rabbits remained healthy and ali 
increased in we igh t . 

Control Rabbits 
T h e methods and te rminology o f Mat thews (1957) were used for the analysis o f plasma 

clearance data : by computa t ion wi th the curve str ipping p rocedure the plasma activity curve 
was shown to be described by an exponential equat ion of the f o r m y ~ C , e '''f + C2c 
where coefficients C,, C2 are the y-axis intercepts and />,, b2 the respective rate constants. 
T h e plasma clearance curve f r o m a Con t ro l rabbit is seen in Fig i(a) : two exponentials arc 
shown wi th respective rate constants and b2 \ equil ibration of 1 2 T-haemopcxin between 
intravascular and extravascular compar tmen t s was apparent ly complete .14 hr after zero 
t ime and the rate o f plasma haetnopexin clearance then became constan t. C o m p u t e d values 
for the correlation coefficient of points lying along exponent ial C 1 c " ' s ' ' in ilie six controls 
varied between 0.982 and 0.994 indicating that, in each case, these points were a close fit to a 
straight line. For evaluation of the plasma activity curve, a three compar tmen t f o r m of 
mammi l l a ry model was used as shown in Fig 2. W h e n calculating catabolic rate Kl2 it was 
assumed that labelled haemopexin was in a state o f reversible equi l ibr ium between intra-
vascular and extravascular compar tmen t s w i t h irreversible exit f r o m the former . 
Catabolic rate was expressed as the fract ion o f the intravascular pool catabolized per day : 

1 
K l 2 = c a + C A 

Extravascular haemopexin Y expressed as a f ract ion of the intravascular haeniopexin pool Ar 

was calculated f r o m the fol lowing equa t ion : 

a-3, a {cx + cAy 
X was de termined for a rabbit we igh ing 2 k g wi th an assumed plasma volume of 4.2% of 
b o d y weigh t using the mean value for plasma haemopexin concentra t ion obtained f rom 12 
estimations. 

In control rabbits, plasma half-clearance t ime o f haemopex in was 20.3 hr (SD 0.92). 



T h e c u r v e is descr ibed by the e xponen t i a l equa t i on y = C^ ~bl'+ C2c ~h2' w h e r e C , , C2 arc the 

y-axis in te rcepts and , l>2 arc the respect ive rate constants. M e a n va lues fo r 11 o f exponen t ia l s C j c ~h2 ' 

w e r e 20.3 and 3.37 h r respec t i ve l y . (L>) Plasma clearance c u r v e o f J 2 5 I - h a e m o p c x i n in a h lem-IoaJed 

r abb i t f r o m C r o u p 2. In the e xamp l e s h o w n , '17'% o f the i n j ec ted a c t i v i t y was cleared f r o m the plasma 

w i t h a half-clearance t ime o f 1.95 h r . T h e i n i t i a l r ap id plasma c learance o f 1 2 5 I is ascr ibed to the r ap id 

e l im i n a t i o n o f h a e i n - 1 2 , I - h a e m o p e x i n f r o m the plasma. 

13 

31 

'12 

3 

FIG 2. A t h r e e-compa r tmen t f o r m o f m a m m i l l a r y m o d e l used f o r t he e va l ua t i o n o f plasma ,25I-
h a e m o p e x i n clearance (af ter M a t t h e w s , 1957). C o m p a r t m e n t 1 = i n t r avascu la r p r o t e i n ; c ompa r tmen t 

2 — urine-)- faeces; c o m p a r t m e n t 3 — ex t ravascu la r p r o t e i n . T h e labe l was in jec ted i n t o c ompa r tmen t 

1 equ i l i b r a t ed w i t h c o m p a r t m e n t 3 and was assumed to h a v e i r r e v e r s i b l e e x i t f r o m compa r tmen t 1 to 

u r i n e and faeces i n c o m p a r t m e n t 3. . 



H a e m - a l b u m i n — 

i luem-haemoptfxin 

Huerrv-xgiobin 

l ie 3. Starch electrophoresis of plasma s imples t r o m a rabbi t in C r o u p 2: this rabbit was injected 
w i th 25 111 l.̂  o! hactn anil then wi th too //g 12 * I - h a e m o p e x i n . T h e gel is stained wi th a solution of 
benzidine in h y d r o g e n pe rox ide to show hacin. Maciu b o u n d to h a e m o p e x i n and to a lbumin are 
m a r k e d whi le the free plasma h a e m o g l o b i n is m a r k e d , b u t can be disreg.irt.L-d. f r o m l.-fr tr*> right , 
plasma samples taken at 3 min , 30 min , 3, 8, 14, 24, 4S and 72 hr a f te r the injection of haeni and 
labelled h a e m o p e x i n . T h e v o l u m e of plasma in each insert was so jil 

(Facing p 536) 



liffect of lIdem on Hacmpoexin Catabolism 537 

Coefficient C{ expressed as a fraction of the injected 1 2 5I-act ivi ty was 0.31 (SD 0.03); 
coefficient C2 -- T-C, . Rate constants />, and b2 w e r e 0.81 (SD 0.09) and 4.94 (SD 0.25) 
respectively. Catabolic rate I \ l 2 was 1.8 (SD 0.19) times the intravascular luemopex in pool 
per d a y ; plasma haemopexin concentrat ion was 31-52 mg/100 ml in 12 estimations and 
extravascitlar haemopexin Y was 0.6 (SD 0. n ) t imes the mass o f intravascular liaemopexin A\ 

12:1 [-activity in the pooled urine and faeces was 88% (SD 2.3) of the injected dose. In the 
plasma tested, plasma activity in the fo rm of non -p ro t c in -bound 1 2 3 [ did not exceed 4.3%. 

llacm-loadcd Rabbits 
Fig i(b) shows the plasma haemopexin clcarancc cu rvc obtained f rom a rabbit intraven-

ously loaded with 25 m g haem. In this instance, 87% o f the injected 1 2 s l -ac t iv i ty was cleared 
f r o m the plasma in 5 hr. T h e plasma activity cu rve in haem-loaded rabbits also contained 
t w o exponentials o f which C,c"~'' l f merely represented the plasma clearance of a iesidual 5% 
of the injected activity. 

90 -95% of injected activity was eliminated f r o m the plasma with a mean half-clearance 
t ime of 1.57 hr. Coefficient C , was 0.071 (SD 0.037) % o f the injccted activity; rate constants 
/>, and b2 were 0.695 (SD 0.126) and ro.6 (SD 1.73) respectively. Catabolic rate l \ l 2 was 
5.84 (SD 0.3) times the intravascular hacmopcxin poo l per day and extravascular haemopexin 
V was 3.3S (SD 1.03) times the mass of intravascular hacmopcx in . 

Pooled urine and faeces contained 84-92% of the injectcd activity: in the catheterixed 
rabbit , 85% of the injected 1 2 5 I -hacmopcxin was el iminated f rom the plasma with a half-
clearancc t ime of 2.1 hr and after 8 hr 42% of the injected activity had been recovered in 
the urine as non-pro te in -bo imd 1251. Plasma n o n - p r o t e i n - b o u n d , 2 5 1 did not exceed 4.9% 
of the plasma activi ty dur ing the initial 24 hr o f the exper iment . 

Starch gel electrophoresis of plasma samples obta ined f r o m a haem-loaded rabbit is 
shown in Fig 3: l i aem-haemopcxin and haem-a lbumin bands are marked and the free 
haemoglob in in the plasma can be disregarded. T h e 3 min plasma sample shows that the 
injected ha e m was rapidly bound to haemopex in and a lbumin . Haem bound to hacmopcxin 
cjuickly decreased in concentrat ion to reach a m i n i m u m at 3 h r after zero t ime; in the presence 
of hacm-a lbumin , this loss of hacm-staining reflected a fall in haemopexin concentrat ion. 
Af te r 3 hr, hacm-staining increased in intensity in the region of the haemopexin band and 
reached a peak approximate ly 24 hr after zero t ime. 

Immunoquan t i t a t i on data on l iaemopexin concentra t ion in plasma samples f r o m three 
haem- loaded rabbits arc shown in Fig 4. T h e results are compl imen ta ry to the elcctrophoretie 
pat tern described above. Fol lowing the injection o f haem, there was a rapid fall o f 32-48% 
in the resting plasma haemopexin concentra t ion; m i n i m u m levels of plasma haemopexin 
w e r e reached after 3 hr, but after 8-12 hr haemopex in concentra t ion increased and returned 
to resting levels 24-48 h r after zero time. 

C o m b i n i n g the results of starch gel electrophoresis and immunoquan i i t a t ion , it can be 
seen that the period of depressed plasma haemopex in levels coincided with the presence of 
haem-a lbumin in the plasma. W h i l e total plasma haemopex in concentration fell by up to 
48% of resting levels wi th in 8-12 hr after haem injection, 1 2 5I-act ivi ty in haemopexin 
bands excised f r o m the starch gel, decreased by m o r e than 90% indicating that the increased 
levels o f plasma hacmopcxin that fo l lowed comprised only endogenous haemopcxin. 
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FIG 4. Plasma concen t ra t ion o f haemopex iu in three hae iu - loadcd rabbits f r o m CIroup tlu•>».• results 
are typical o f results f r o m the ent i re g roup . I 'o l lowing the inject ion o f haem, there was a rapid fall in 
h i e m o p e x i n concen t ra t ion which remained l o w d u r i n g the pe r iod in which haem--albumin was 
demons t r ab l e in the plasma. O n c e haem was e l imina ted f r o m the plasma, haemopex in levels increased, 
appro.Khin. ' , rest ing values a f te r 24 hr. 

D I S C U S S I O N 

T h e results obtained f r o m the six control rabbits in the present experiments were in close 
agreement w i t h those of an earlier study in 18 no rma l rabbits (Lane ct al., 1972). 

M a n y variables were removed by using the same six rabbits and the same batch of: labelled 
haemopexin in both control and hacm-loaded groups . T h e approximate haem-binding 
capacity o f endogenous haemopexin is 0.5 m g ; therefore, 25 m g of haem injected into test 
rabbits saturated the endogenous and labelled haemopexiu and the excess Intern was rapidly 
bound by a lbumin. It was assumed that the in vivo haem-b ind ing affinity of endogenous 
and labelled haemopexin were the same. 

C o m b i n i n g the experimental data f r o m haetn- loadcd rabbits it is clear that, fol lowing the 
intravenous injections of haem and labelled hacmopcxin , h aem rapidly complexed wi th 
endogenous and labelled hacmopcxin and wi th a lbumin . A marked decrease in both plasma 
activity and plasma haemopcxin concentrat ion was observed dur ing the initial 3 hr bu t , 
af ter this t ime, plasma levels of haemopexin started to increase while the decline in plasma 
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activity con t inued . W i t h i n the initial 8 - to hr a f t e r hacm inject ion, a significant fraction of 
injected activity was excre ted in the ur ine as non-p rcc ip i t ab i e labelled iodine , also, app rox i -
mate ly 9 0 % o f the injected h a e m was e l iminated f r o m the plasma. 

These results were best explained by the p r o m p t r emova l o f h a c m - h a c n i o p c x i n c o m p l e x 
f r o m the plasma, f o l l owed by rapid catabolism o f the h a e m o p e x i n . fit I'iro, i iaemopexin 
binds h a e m f r o m h a c m - a l b u m i n (Mullcr-Kbcrharcl et al, T969) and , af ter injection, h . te in-
h a e m o p e x i n c o m p l e x can be localized within the hepa t ic pa renchyma l cclh I MulK i - f b e r h a r d 
et al, 1970). It is p robab le that a lbumin acts as a p lasma s torage reservoir lor Ii icm, when haem 
levels exceed the b ind ing capaci ty o f h a e m o p e x i n . Rap id catabolism ol h.ieni •haemopexin 
w o u l d mean that the total h a e m o p e x i n pool cou ld r e m o v e approx imate ly ni.» h a e m : for 
25 m g o f hacm to be e l iminated f r o m the plasma in the f o r m of haem- h a e m o p - \ i u complex , 
f ract ional catabolic rate of haemopex in w o u l d h a v e to increase considerably with the corres-
p o n d i n g d e m a n d on synthesis rate. In fact, values f o r I \ ] 2 in hacm- loaded n b b i r . were 
a p p r o x i m a t e l y 3 t imes grea ter than in n o r m a l rabbi ts b u t this deg ree of increased haemopex in 
t u r n o v e r w o u l d be insufficient to account for the en t i re e l iminat ion of 2,5 m g haem in 12 hr. 

In haem- loaded rabbits, the initial fall in p lasma h a c m o p c x i n concent ra t ion was quickly 
restored. In addi t ion , calculat ion showed that a m u c h larger f rac t ion o f the total hae tnopcxin 
pool was located in the extravascular c o m p a r t m e n t in hacm- loaded rabbits. These results 
w e r e taken as indirect ev idence of great ly increased rates o f hacmopcx in synthesis. H o w e v e r , 
in the presence of plasma h a e m - a b l u m i n , much o f the n e w l y synthesized h a r m o p e v i u would 
bind h a e m f r o m the h a c m - a l b u m i n and then be catabol izcd. In haem- loaded animals, there-
fore, plasma h a e m o p c x i n concent ra t ion gives a p o o r indicat ion o f the extent of increase in 
synthesis rate and the size o f the total haemopex in pool . 

It is interest ing to consider that , if hepatcoytcs arc the cen t re bo th of haemopex in synthesis 
and catabol ism, rapid t ransfer o f hacm f r o m h a e m - a l b u m i n to newly synthesized haemopex in 
could occur wi th in the liver near the surface o f the cells. T h e haem haemopcxin c o m p l e x 
so f o r m e d wou ld be very rapidly e l iminated, thus a large par t of the haem-t rans ie r process 
be tween haem-p ro t e in s w o u l d be beyond the reach o f the m e t h o d s o f investigation cur ren t ly 
in use. H a e m transfer to hepatocytcs m a y be a specific f u n c t i o n o f haemopex in and it seems 
possible tha t h a e m o p e x i n t u r n o v e r can increase sufficiently fo r the el iminat ion of a significant 
haem- load . H o w e v e r , in subjects m a d e haemopexin . def ic ient by h a e m injections or chronic 
intravascular haemolysis , on ly h a c m - a l b u m i n is p resent in the plasma yet h a e m cont inues to 
be e l imina ted a l t h o u g h at a s lower rate than is obse rved w h e n haemopex in is present (Sears, 
1970). In h a c m o p e x i n def icient subjects, it is possible that the apparen t haem-clearance from, 
h a e m - a l b u m i n is l imi ted by the rate o f h a c m o p e x i n synthesis; in this situation, h a c m -
clearancc w o u l d reflect the rate o f h a e m o p e x i n p r o d u c t i o n . 
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