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6.

7.

STELLINGEN

Door intraveneuze toediening van radioactief gemerkt asialo-orosomucoid

kan men niet alleen informatie verkrijgen over fysiologische aspecten van

de opname van dit pharmacon in de lever, maar ook over het intra-

cellulaire gedrag van de radionucliden.

Visuele weergaven van kwantitatieve analyse resultaten bij scintigrafische

onderzoeken in de vorm van Functionele Beeiden zijn beter en gemakkelijker

te interpreteren dan het beschouwen van deze resultaten in getalvorm.

Het Functionele Beeld van de l-123-asialo-orosomucoid studie geeft

meer informatie over de functie van de lever dan een tijd-activiteits

curve analyse.

"These observations do not support the hypothesis of defective intestinal

transport of copper as the primary cause of Menkes' syndrome. "

K. Heydorn et a i . Ris^í-M-1852 1976

Deze conclusie van Heydorn is voorbarig.

Indien bij het mammacarcinoom besloter. wordt tot radiotherapie, dient

alvorens te bestralen scintigrafie van het geheie skelet te worden verricht.

Het beoordelen van het effect van therapie bij skeletmetastasen met

enkel en alleen scintigrammen van het skelet is onjuist.

Bij hartscintigrafie kunnen de verzamelde gegevens weergegeven worden

als statisch beeld of als "kloppende" beeiden.

De resultaten van de laatste kloppen beter.
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10.

De niet-invasieve techniek voor het bepalen van de arootte van cardlale

links-rechts shunts met behulp van radionucliden is can te bevelen boven

de bestaande invasieve rechnieken voor het evalueren van het naruurlijk-

en postoperatieve verloop van deze afwijkingen.

Er bestaan onvoldoende evidente voedingskundige argumenten om, bij

een beperkte vetconsumptie, boter in het dieet te vervangen door andere

vetten.

De zegswifze van Cats:

Boter voort en boter naerr
Doei ons hvsn hondert jaer.

is niet meer overdreven dan de huidige reclame voor dieetmargarine.

ui t :J. van Beverwyck, Schat der Gesontheydt 1652.

P.P. van Rijk

25 januari 1977.
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I THE LIVER

1.1. INTRODUCTION

The thesis, here described, is aimed at obtaining a pharmaceutical, not foreign to

the body, easil/ und reliably labeled with radionuclides, differing in biochemical

pathway from routinely used radio-pharmaceuticals and suitable for clinical

diagnostic investigation of the function of the liver.

The study sets out in detail the preparation and investigation of a new radiophar-

maceutical which is used to test in a noninvasive way functioning of the liver. The

whole sequence of preparing the radiopharmaceutical, studying its tissue distribution

In rats and its clinical usefulness in human beings by means of gamma camera and

computer on-line is only possible in a muliidisciplinary team in which the members

possess at least a working knowledge of eachcther problems and are working closely

together. Therefore, however, it is necessary to explain some steps of the total

process and to give elementary background which is essential for appreciation of :his

thesis and is well-known to one discipline but not necessarily known to the others.

1.2. ANATOMY OF THE LIVER

The liver is the largest organ in the body, varies considerably in shape (Me Afee,

1965) and comprises one-fiftieth of the total adult body weight (1200-1500 Gm.).

It is sheltered by the ribs In the right upper quadrant of the abdomen, and its

upper border reaches the level of the nipples.

The human liver has four lobes: a large right lobe; a smaller left lobe and much

smaller caudate and quadrate lobes.

1.3. BLOOD VESSELS OF THE LIVER

The blood flow to the liver is unique. It has a double bloodsupply viz. the portal vein,

which brings venous blood from the intestines, spleen and pancreas and the hepatic

artery, which aiises from the aorta via the celiac trunk.

1
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Both systems end in capillary-like vessels in the liver termed sinusoids. The liver

drains its blood via the hepatic veins into the inferior vena cava.

1.4. LYMPHATIC VESSELS OF THE LIVER

The drainage system of the lymph from the liver is divisible into a superficial and

deep group, both terminating for the greater part into the inferior caval nodes and

hepatic nodes.

1.5. MICROSCOPIC APPEARANCE OF THE LIVER

The liver consists of a large number of hepatic lobules each having a small central

vein and surrounded by portal canals. Each canal contains a branch of the portal vein,

a branch of the hepatic artery and an interlobular bile ductule.

The parenchymal livercell is polyhedral in shape (size 12 - 25ftm) and the liver-

cells are arranged as sneeu, I - 2 cells thick. Between these sheets of cells are the

venous sinusoids and therefore there is close contact between blood and all cells. The

interlobular venous sinusoids are wider than capillaries and are lined by another group

of important cells v iz. the endothelial cells which are all phagocyfic and known as

Kupffer cells and are part of the reticuloendothelial system (RES).

In the hepatic lobules the bile canaliculi form networks of polygonal meshes. The

canaiiculi join into larger canal iculi in the portal canal and finally the bile is drained

into t'ie bile duct.

1.6. PINOCY7OSIS AND FOLLOWING CATABOLISM

Different mechanisms exist for transport of materials into the livercell. They can be

classified as passive diffusion, active uptake and pinocytosis. In the proces of uptake

and degradation of materials pinocytosis (LaBella, 1973) is of paramount importance

for the problems described in the following chapters.

Glycoproteins are bound to specific receptors (Pricer, 1974; Ash wel I, 1974;

Aronson, 1975) on the cell membrane, which then forms - by infolding of the plasma



membrane - small vacuoles in the cel l . Here they fuse with the primary lysosomes,

produced by the Golgi apparatus. These primary lysosomes can be seen as little

packages filled with hydrolytic enzymes. These enzymes will,after the fusion and

forming of the so-called secondary lysosomes, catabolize the glycoproteins. The

building-blocks of the glycoproteins, the monosaccharides and amino-acids, will

'•ome free and con now,- diffuse into the cytoplasm. Here they can be either carabo-

lized further or they can be used for the synthesis of new proteins.

Unwanted materials usually are excreted into the bile canaliculi. Sometimes

however, they stay in the cell and can be seen as residual bodies (see also Fig. 10.1.).

1.7. BIOCHEMISTRY OF THE LIVER

In the organism the liver has as main tasks production (e.g. proteins, enzymes),

breakdown (e.g. proteins, lipids), storage (e.g. carbohydrates and lipids), detoxifi-

cation (e.g. bilirubin and foreign products) and phagocytosis (e.g. bacteria and

particles of many materials).

1.8. BIOCHEMICAL LIVERFUNCTION TESTS

There are a wide variety of biochemical methods in the clinical investigation of

the patient with liver disease, in order to arrive at an accurate diagnosis and to

estimate the severity of liver damage. The most useful tests of liver cell damage

are determination of serum alkaline phosphatase levels, serum rransaminase

values, bilirubin values, electrophoresis of the serum proteins and

bromsulphthalein test.

1.9. OTHER LIVER TESTS

In contrast to the biochemical tests most of the other liver tests are more

aggressive such as;

1. histological examination of a needle biopsy

2. contrast angiography



3. iaparoscopy

4. echography. This recently introduced diagnostic technique is

noninvasive.

1.10. LIVER TESTS WITH RADIOPHARMACEUTICALS

In Nuclear Medicine there are several methods available, which give in a noninvasive

way additional information about liver pathology. The main areas of investigation of

liver disorders are:

1. Scintigraphic studies of the Kupffer cells

2. Scintigraphic studies of the parenchymal liver cells and bile ducts

3. Scintigraphic studies of the vascular bed of the liver

4. Scintigraphic studies to measure hepatic blood flow.

1.10.1. S c i n t i g r a p h i c s tud ies of the K u p f f e r c e l l s

The most commonly used radiopharmaceuticals are Tc-sulfur colloids or Tc-

antimony-sulfide colloids which are rapidly taken up by phagocytosis in the Kupffer

cells and the RES. The size of the colloid particles may influence the rate of uptake

(Dobson, 1952; Taplin, 1964»Rygard, 1971). After phagocytosis there is no break-

down of these particles. This does not apply to albumin aggregates and iron-colloids

which are less commonly in use.
99 m

For clinical studies the patient is infected 2 mCi Tc-colloid and after a

waiting time of approximately fifteen minutes (except in patients with suspected

cirrhosis in which the uptake is prolonged) scintigrams of the liver in the anterior,

rightlateral and posterior view are performed.

In the normal scintigram eighty-ninety per cent of the radioactivity is taken up

by the Kupffer cells while five per cent of the radioactivity can be recovered from

the spleen and the remaining radioactivity is distributed over the reticuloendothelial

system in bone marrow.

The scintigram is reviewed on four merits viz.



1 . size and position of the liver

2. shape of the liver

3. the distribution of the radioactivity in the liver

4. the ratio of radioactivity in liver and spleen.

The size and position of the liver can easily be estimated; the shape of the liver

seldom gives rise to difficulties in interpretation. The distribution of the radioactivity

in the liver gives an impression about the intrahepatic distribution of the Kupffer cells.

in case of intrahepatic space occupying lesions (as in metastases, cysts, etc.) the

Kupffer cells are pushed aside or destroyed and therefore no rr ''oactivity is accumu-

lated in the affected areas ("cold spots"). In the scintigram single abnormality,

multiple abnormalities or c'iffuse abnormalities can be seen (Ephraftn, 1961, 1968,

1972; Hilts, 1971; Dovey, 1971; Mil lette, 1973; Kawata, 1974; Gumerman, 1975,

Hatfield, 1975; Holder, 1975; Berghuis, 1976).

For the latter the liver can be affected in such a way that the uptake of colloid is

decreased and the liver-spleen ratio is diminished as in cirrhosis (Bekerman, 1971;

Magnum, 1973; Mil lette, 1973; Habibian, 1975). The disadvantages of a I iverscinti-

gram performed after injection of colloids are:

1. "cold area" detection. The "cold" defect is surrounded by

normal functioning, "hot", Kupffer cells and this obscures

the defect in the scintigram. The minimal detectable lesion

is 2 - 3 cm in diameter.

2. respiratory movements cause a blurring of the picture.

3. no differentation as to underlying pathology of the defects

is possible.

4. normal variations in the shape of the liver which make the

interpretation of the scintigram difficult.

5. aiiergic reactions in the patient do occur in about one case

in 2000 patient studies •

However, this easy noninvasive method of scintigraphy is clinically valuable as a

screening method for determining space occupying lesions and their changes in time.

H
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The absorbed radiation dose was calculated to be:

Liver

Spleen

Whole body

Male gonads

Female gonads

mrad/ jiCi

0.3

0.2

0.02

0.013

0.023

Izenstark
(1966)

Herbert (1965)

Burner (1968)

Table 1 .1 . : Absorbed radiation dose in different organs

after intravenous administration of Tc-

colloid.

1.10.2. Sci n t i g raph i c s tud ies of the p a r e n c h y m a l l i v e r c e l l s and

b i l e duc ts

For visualization of the liver cells and bile tree the most commonly used radioactive
131

material is a dye namely I-Rose Bengal (RB). Less often other dyes like

Bromsulphthalein (BSP) and Toluidine Blue (TB) are used (Czerniak, 1972; Hengst,

1973; Torizaka 1971; Mostbeck, 1974). After detoxification in the microsomes i t is
131

transported into the bile ducts. Before injection of 200-300 nCi I-RB the patient

is positioned under a gamma camera and the uptake of the radioactivity into the liver

and its release into the bile ducts is followed in the first hour. If necessary pictures

can be made at fifteen minutes intervals. In order to obtain a more quantitative

measurement of the rate of uptake and speed of release from the liver, time-

activity curves of the 'iver and gallbladder regions are constructed.

In the norma) subject the scinfigram shows that the accumulation of the radioactive

dye in the gallbladder region starts 24-28 minutes after injection. The main scintigram

features which favor extra hepatic obstruction are, delayed, reduced or apparent

absence of dye-entry into the intestine,.combined with increasing dye concentration in

the intra- and extra hepatic bile ducts (Taplin, 1955, 1957; Cohn, 1957; Nordyke,



1958, 1959A, 1959B, 1960; Freeman, 1966; Rosenthall, 1967, 1972; Maynard,

1968A, B; Coodley, 1970; Eaton, 1972; Waxman, 1972; Handmaker, 1975; Gamlen,

1975; Verow, 1975).
131

In newborns after administration o ' I-RB bile duct atresia can easily be detec-

ted by sampling feces over 48 hours. (Geppert, 1957; Brent, 1959; Ghadimi, 1961;

Becker, 1964; Sharp, 1967; Lüders, 1969; Maksoud, 1971; B i l l , 1974; Wicksman, 1975).

In case of atresia less than 5% of the dose is excreted.
131

I-Rose Bengal studies possess the advantage that no allergic reactions occur
and that it can be used in the jaundiced patient. Disadvantages are the low efficiency

131 131
of the gamma camera for I and the high absorbed dose of the I, although recent-

123
ly as a label I is commercially available which gives a large reduction in radiation

dose. Finally the plasma disappearance rate is dose dependent and therefore an

accurate measurement of the amount of administered dye is necessary. The absorbed

dose was calculated to be

Liver

Male gonads

Female gonads

mrad/nG

2.0

0.032

0.173

Kniseley (1963)

Ï Me Ewan (1967)

Table 1.2.: Absorbed radiation dose in different organs
131

after Intravenous administration of I-

131,

Rose Bengal.

In conclusion the " " I-RB test is useful in newborns with a suspected bile duct atresia.

In the jaundiced patient it is sometimes possible to differentiate between intra- and

extra hepatic obstruction.

1.10.3. S c i n t i g r a p h i c s t u d i e s of the v a s c u l a r bed of the l i v e r

Although these studies are not in use routinely it is sometimes worthwhile to make an

attempt to visualize the vascular bed of the liver (Freeman, 1972; Hoencamp, 1970).



In most instances this is done immediately following a colloidscan in which a defect

can be demonstrated and the question is raised whether this defect is e.g. a cyst, a

hemangioma or vena caval obstruction (Hughes, 1975).

While the patient is still positioned under the gamma camera 10 mCi TV is

injected intravenously and scintiphoto's are taken at 5 seconds intervals. After

developing the film the whole sequence of the passage of the bolus through the liver

is interpreted. In cose of cysts and metastases an avascularity (Lubin,l972) can be

seen but hepatomas and hemangiomas show up and the defect seen in the colloid-

scan is fi l led up.

1.10.4. Sc in t i g r a p h i c s tud ies to measure h e p a t i c b l o o d f l o w

The liver is 70 - 80 per cent supplied by blood from the portal vein, the remainder is

supplied via the hepatic artery. Within the liver most of the blood passes through the

sinusoids/although small amounts of splanchnic and arterial blood bypass the parenchyma

and the reficuio-endothelial system through intrahepatic anastomoses. These and also

extrahepatic shunts, become enlarged under pathological conditions. Therefore, a

fraction of the total flow is non-functional. Because there are two types of radiophar-

maca which are taken up by the liver v iz . the dyes and colloids,one must consider

these pharmaca separately (Christie, 1972; Vetter, 1971; Marian, 1975).

1.10.4.1. Dye e x t r a c t i o n method

After intravenous injection of radioactive dyes, these dyes are removed from the blood-

stream by the parenchymal cells. A scintillation counter, sufficiently shielded, is

placed against the side of the head of the patient and registration for at least one
131

hour is started immediately after injection of 30 nCi I-RB. Afterwards the counting

rates are plotted against time on semilogarithmic paper. The curve obtained consists

of more than one exponential componen^but for calculating the blood flow the fastest

component is selected. The rate constant of disappearance of the dye, I. ,, can now

be calculated since

C = C .et o
-v 1.10.4.1.



where C. and C are the blood concentrations at time t and zero, respectively. However,
r o

since none of the dyes so far used are extracted completely during a single passage of

blood through the liver, one must know the extraction efficiency, E, which may be

calculated from the equation

E =
C C

a - v 1.10.4.2.

where C and C are the dye concentrations in mg/ml in the blood entering and leaving

the liver, respectively.

The blood entering the liver cannot be sampled directly, so samples from a peripheral

artery and vein have to be taken,based on the assumptions that no extrahepatic deposi-

tion of dye occurs and that the injecied material is mixed completely within the circu-

lation in a very short time. The extraction efficiency of the liver for Rose Bengal was

calculated to be about 40%. Finally if one knows the total blood volume (V) one can

calculate the liver blood flow (LBF) from the equation

L B F = - ^ . X 1.10.4.3.
t a

The btoodvolume should be determined by an independent method since the disappearance
131

of I-RB from the blood is too fast to allow extrapolation of equation 1.10.4.1.

back to zero time.

Using this technique there are several disadvantages because various assumptions must be

made which are not true e.g.

1. the extraction efficiency is not altered in liverdisease,

2. no extrahepatic deposition occurs,

3. no intrahepatic shunting exists.

The clinical results show that in normals the disappearance rates of dye vary

considerably. In pathological conditions these values are reduced and there is an

overlap with normal values.

,;'*
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1.10..4-2. C o l l o i d e x t r a c t i o n method

The whole procedure is similar to that described above. Colloidal materials are

extracted by the Kupffer cells if the colloid particles are of suitable size. The efficiency

of hepatic removal of colloidal particles depends on their size (Dobson, 1952). The

extraction efficiency can be nearly 100%. Therefore equation 1.10.4.3. can be reduced

to

LBF = V x I 1.10.4.4.

where LBF is the liver bloodflow (ml/min), V the total bloodvolume (ml) and X the

disappearance rate constant of the colloid. The above mentioned disadvantages apply

here also.

Clinical results showed that "K is reduced in case of cirrhosis but, again, with an over-

lap with normal values.

10



II RAÜiOPHARMACEUTICAL

2 . 1 . INTRODUCTION

As mentioned in the previous chapter several methods to investigate liver disorders

like those of Nuclear Medicine, contrast-angiography, laparoscopy and more recent-

ly the echography are now standard procedures. They have added a new dimension to

clinical investigation by supplementing the method of clinical chemistry, which are

already in use for many years.

With regard to Nuclear Medicine the radioactive colloid scintigraphy mostly aims at

visualizing the morphology of the liver and the intrahepatic distribution of radioacti-

vity rather than at testing functioning of the Kupffer cells. The aame can be said for

the radioactive dyes, which are removed from the circulation by the parenchymal cells

as a first step in the detoxification and which are released ct a slow rate through the

bile tree.

This investigation is therefore mainly used for evaluation of biliary patency and to

differentiate between congenital biliary atresia and neonatal hepatitis, rather than

for testing the functioning of the parenchymal liver cells. In addition both colloids

and dyes are materials foreign to the body.

It was felt that if one could find a normal metabolic product that is catabolized

by the liver one could hope to obtain more information about the functioning of

this organ in addition to that provided by clinical chemistry. A radiopharmaceutica!

for such studies should ideally fulf i l l the conditions summed up here after.

2.2. IDEAL RADIOPHARMACEUTICAL FOR LIVER FUNCTION STUDIES

2 . 2 . 1 . The p h a r m a c o n i t s e i f shou ld meet the f o l l o w i n g

r e q u i r e m e n t s

a. Since the study should not take too long, the pharmacon should be taken up by the

liver and its cctabolic product should afterwards be released from the liver at a

fast rate;

11



b. The pharmacon must be of human origin and must contain the metaboiic product in

a high degree of purity to ensure a well-defined physiologic behavior;1";

c. The pharmacon should be non-toxic, sterile and free of pyrogens;

d. The catabolism of the pharmacon should be affected by liver pathology;

3. The pharmacon in quantities needed for the test should not lead to adverse reac-

tions in the patients.

2.2.2. The r e q u i r e m e n t s fo r the r a d i o n u c l i d e a r e :

a. The radionuclide should be easily and rapidly and tightly bound to the pharmacon;

b. The radionuclide should not emit beta-particles which would result in a sharp

increase in absorbed radiation dose;

c. The rodionuclide should have a suitable gamma energy (100-200 KeV) so that a

gamma camera can be used with optimal resolution and higS efficiency;

d. The radionuclfde should have a half life that is not too short in relation to the

duration of the study, but should not be too long, so that the radiation dose

absorbed by the patient is minimised.

e. The radionuclide, on the other hand, should allow a countrate sufficiently high to

investigate regional variations in liver function.

2.3. CHOICE OF RADIOPHARMACEUTICAL

2.3.1. The pharmacon

In the literature (Morell, 1968; v . d . Hamer, 1970) it is known that human plasma

glycoproteins, which contain carbohydrate side chains, mostly terminating in sialic

acid, are rapidly taken up by the parenchyma I liver cells, when these sialic acid

residues were split off. This is due to the rapid uptake of such modified proteins by

pinocytosis. It has been shown that after this, the protein is gradually degraded by

the lysosomes (Gregoriadis, 1970). This mode of catabolism could yield information

about- the functioning of the parenchymal liver cells and fits in 2.2.1 .a and 2.2.1 .b .

Of a number of asialo-glycoproteins the asialo-orosomucoid (asialo-ou-acid

12



glycoprotein) was chosen because in a comparative study this protein was found to bo

taken up by the liver at the highest rate (MorelI, 1971) and this fits in 2.2.1 .a .

We decided to purify this protein from human plasma, to modify it by splitting off

sialic acid,and to investigate its possible use in Nuclear Medicine.

i :•-

i

2.3.2. The r a d i o n u c l i d e

The radionuclide requirements mentioned above (2.2.2.) mainly pertain to clinical

use. However, experiments investigating the usefulness of the chosen pharmacon must

preceed any clinical investigation. Therefore animal experiments are necessary and

here, of course, the requirements are much less stringent. When we look at the

pharmacon as a protein, labelling with Iodine would be the most obvious since so much

is known about this technique and about the behavior of iodinated proteins in vivo

(Bocci, 1970). Such labelling usually does not lead to serious damage of the protein

and thus its behavior will mimic the metabolism of the native protein. We therefore

chose iodine as a label in the first studies. At this time we only had a choice between

I and I. We decided to use the former because it is more suitable for gamma
125

camera studies than I, although the energy of its gamma-emission is rather high
125

(364 KeV). On the other hand the very low energy (35 KeV) of I gamma rays would
be an even more serious drawback.

2.3.3. The p h a r m a c o n - r a d i o n u c l i d e c o m b i n a t i o n

Asialo-orosomucoid wil l rapidly be taken up by the liver (Morel!, 1971). Since iodine

is strongly bound to the pharmacon and wi l l probably not affect its in vivo behavior

one could expect that this radionuclide would be a good marker for studying the up-

take of our pharmacon in the liver. What would happen to this marker after

catabolism of the pharmacon by the liver lysosomes could not be predicted. If Is
131

unknown whether the fate of the iodine would yield information about the

deg-adation of the pharmacon and/or possibly about the liver function.

13



2.4. .OROSOMUCOID

The basic material of the proposed radiopharmaceuticai is orosomucoia'.

Orosomucoid or a.-acid glycoprotein (Jeanloz, 1972) is a plasma constituent. Its

normal concentration Is 90 mg,%. Since it is an acute phase reactant its plasma con-

centration is raised in a number of conditions <5,g, infections,- malignancies and

arthritis. In a few instances, however, a lowered concentration is found in cases of

liverfunction disorders (Bonte, 1960). Physicochemically, the protein is already well

described. Not only are its molecular weight and other properties known (Table 2.1.)

but even the structure of its protein backbone has been described (Ikenaka, 1972;

Schmid, 1973).

Molecular weight

IEP

Axial ratio

Carbohydrate content

Sialic acid

Plasma concentration

Plasma concentration range

orosomucoid

44.100

2.7

6:1

45%

12 %

90 mg%

55 -140mg%

asialo-orosomucoid

38.900

5.0

4 :1

Table 2 . 1 . : Physicochemical properties of orosomucoid (a,-acid glycoprotein)

(Heimburger, 1964; Kawahari, 1973)

Its gross carbohydrate composition has been known for some time (see the review

papers by Heide, 1973, and Schwick,l973). The structure of the carbohydrate

sidechains as described by Sharon (1974) and Kornfeld (1976) is shown in f i g . 2 . 1 .

As in many glycoproteins these sidechains terminate in sialic acid. Differences in

the number of sialic acid residues probably account for the polymorphism described

by Schmid (1968).
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III PREPARATION OF I-ASIALO-OROSOMUCOID

3 . 1 . INTRODUCTION

Orosomucoid (a. -Acid Glycoprotein) was prepared from a byproduct of the ethanol

plasma fractlonation by means of ion-exchange procedures. Immunoeiectrophoresis

suggested a high degree of purity; the purified protein contained 13.5% sialic acid

and 17.8% hexose.

The orosomucoid was modified by removal of sialic acid with neurominidase (E.C.
131

3.2.1.18) followed by iodination with I.

The separate steps wil l hereafter be described in detail.

3.2. PURIFICATION

The starting material consisted of the supernatant of fraction V, as obtained by

fractionation of human plasma according to Cohn VI procedure, as modified by

Brummelhuis (1971). It constitutes a diluted plasma containing 40% ethanol, from

which only a few, mainly acid, proteins have not been removed (ionic strength

T 0.2 pH 4.8-5.0, protein content less than 0.02%.

Fifty liters of this supernatant were diluted four times with H«O, and the pH

was adjusted to 4.5 with acetic acid.

At 4 C, 250 g of dry DEAE-Sephadex A-50 were added. The suspension was stirred

for 90 minutes and allowed to settle for 30 minutes. The clear supernatant was then

pumped off and the slurry was transferred to a 30 I filter holder (Seitz) and collected

on a nylon cloth with 30(im pores (Monodur 31). Air pressure (0.2 atm) was applied

to remove most of the f luid. The DEAE-Sephadex was then washed with 0.1 M acetate

buffer, pH 4.5 (0.1 M acetic acid, pH adjusted with NaOH), in four portions of 6 I

each. Elution was carried out with 5 I of I M acetate buffer pH 5.7 and fractions of

0.5 I were collected.
I cmEight fractions with A^og > 0.7 were pooled, dialyzed overnight against 200 I

water at 4 C and lyophilized. The powder was suspended in 120 ml water, dialyzed

against water at room temperature until a conductivity of 0.014ft cm , the value
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of 0.9% saline solution, was reached and sterilized by filtration through a membrane

filter (Schleicher and Schuil).

The crude concentrate of proteins with low IEP obtained in this way contained

appr. 5% protein, as was shown by its A_g-. . The greater part was identified as

orosomucoid by means of immunoelectrophoresis and Macro-Ouchterlony technique/

using a specific antiserum (Behringwerke AG). An estimation based upon radial

immunodiffusion indicated that roughly 85% of the protein in the preparation was

orosomucoid. In order to reach a higher degree of purity, chromatography was per-

formed with a QAE-Sephadex A-50 column (30 by 2 cm) and equilibtrated with 0.02 M

acetate buffer at pH 4.5. Three milliliter of the crude orosomucoid concentrate was

diluted ten times with water and applied to the column. Extensive washing was then

carried out with successive 1-liter portions of 0.02 M acetate buffer, pH 4.55, 0.03 M

acetate buffer, pH 4.25, 0.05 M acetate buffer, pH 4.00, and 0.5 M acetate buffer

pH 3.75, while the A_or i of the eluate was continuously monitored.
iöUnm ,

Upon subsequent elution with 2 M acetate buffer, pH 3.2, fractions with A
0.3 were pooled, dialyzed against water, lyophilized, resuspended in water and

dialyzed against water until a conductivity of 0.014ÏÏ cm was attained and steri-

lized by filtration through a membrane filter (Millipore).

3.3. ANALYSIS

The 10 ml of 0.5% orosomucoid preparation, obtained as described above, were judged

to be highly pure because of the single precipitation band in immunoelectrophoresis

(Fig. 3.1). In order to further investigate its purity, antisera were produced in four

rabbits against this purified preparation.

Macro-Ouchterlony analysis (Fig. 3.2.) and immunoeiectrophoresis (Fig. 3.3.),

employing these sera, revealed a very high grade of specificity since the serum from

only one animal gave a faint indication of the presence of a minute amount of

contaminant antigen in the orosomucoid preparation. On elution from a Sephadex

G-75 column (35 by 2 cm) equilibrated with saline solution only one UV absorbing

peak, without shoulders, was observed.

17
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Fig. 3 . 1 . : Immunoelectrophoresis of the purified orosomucoid preparation (wells 1, 3)

against rabbit antihuman serum (trough A) and commercially obtained

specific rabbit antihuman orosomucoid (trough B); for reference the elec-

trophoresis pattern of ten times diluted standard human plasma (well 2)

is given.

Protein concentration in the purified preparation was measured by radial immuno-

diffusion; by determination of A „ _ ; and by the Folin reaction, resulting in 5.28,

6.20 and 3.85 mg/ml, respectively. The last value represents purely the protein

moiety. Correction for the carbohydrate content (Heimburger, 1964) yields 6.41 mg

orosomucoid per ml. Determination of sialic acid and total hexose contents yielded

13.5 and 17.8%, respectively, both based on a protein content of 5.28 mg/ml.

Heimburger (1964) reported for these values 12.1 and 14.7% respectively.
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rabbit 1

rabbit 2
Fig. 3 .2 . ; Macro-Ouchterlony analysis of the purified orosomucoid preparation

(central well) against antisera produced against it in two out of four

rabbits. Wells A contain indiluted serum, wells B and C diluted 2- and

4 fold, respectively. The faint precipitation line near well A of rabbit

2 may hint at the presence of a slight amount of contaminating substance

in the orosomucoid preparation. The three other rabbits sera did not show

this phenomenon.

Fig. 3 .3 . : Immunoelectrophoresis of human standard serum (wells) against the antiserum

(trough) produced against the purified orosomucoid preparation in rabbit 2 .
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3.4. REMOVAL OF SIALIC ACID

Orosomucoid was modified by the method of Morell (1969). A solution of the protein

and neuraminidase was incubated under conditions as described in the legend of

Fig. 3.4.

At various times aliquots were analyzed for free sialic acid (Fig. 3.4.) . The

preparation from which the 10 hour aliquot was taken was used for iodination.

aiallc acid ramovsd
C96 of maximum]

1OO-

Fig. 3 .4 . : Removal of sialic acid as function of time. A mixture of 1 ml of orosomucoid

(=5.28 mg), 0.07 ml 0.5 M acetate buffer, pH 5.65, containing 0.15 M

NaCI, 0.02 ml 0.2 M CaCL 0 aq. and 0.20 ml neuraminidase (100 U)

was incubated at 37 C for up to 10 hours. Plotted are the percentages of

sialic acid liberated in the various aliquots as function of time.
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3.5. IODINATION WITH I

Asialo-orosomucoid was iodinated by the chloramine-T procedure (Greenwood, 1963)

modified as follows: 0.55 ml of the mixture described above (which had been incjba-

ted for 10 hours with neuraminidase) was mixed with 0.25 ml 0.5 M sodium phosphate,
131

pH 7.7. Then 0.2 ml K I was added, immediately followed by 1.0 ml 0.2%

chloramine-T. The solution was stirred for one minute after which 1.0 ml 0.75%

NaHSO« and 2.0 ml 2% Kl were added. The final product was passed through a

Sephadex G-75 column (35 by 2 cm) equilibrated and eluted with saline solution, to
131 - 131

separate the iodinated protein from the excess I . From the results of the I-
determination in the fractions of the eiuate it was computed that approximately 90%

131 -
of the radioactivity was protein bound, eluted well separated from the free I .

3.6. DISCUSSION

The method of purification described above has the advantage that the starting

material is rather cheap and readily available and that it yields a material of a high

degree of purity as shown in Figs. 3 . 1 . - 3.3.

Furthermore this procedure is relatively simple and lends itself to scaling up, as ant i-

cipated in case the material wil l be shown to be of clinical use.

Whether the discrepancy between the results of the radial immunodiffusion and of

the A„o_ m measurements indicates an unidentified component, that escaped detec-

tion by the other immuno techniques, cannot be answered.

A preparation as described in this chapter is suitable for animal experiments. In

the analytical procedures and in the animal experiments, which wil l be described in

the next chapters, the presence of neuraminidase does not interfere, since it represents

less than 0 . 1 % of the total protein content.
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3.7. MATERIALS AND METHODS

3 . 7 . 1 . M a t e r i a l s r.

Neuraminidase, from Vibrio cholerae (500 U/ml), and N-acetylneuraminic acid were

obtained from Calbiochem (Los Angeles, USA); cat.no. 480717 and 110137,

respectively. Human orosomucoid as standard for the immunologie assay, mono specific

rabbit antihuman orosomucoid antiserum and M-Partigen radial immunod if fusion plates

for orosomucoid were obtained from Behringwerke AG (Marburg/Lahn, FRG);

cat.no. TFC05, RCW 05 and TBX 03, respectively. Rabbit antihuman antiserum was

obtained from the Central Laboratory of the Blood Transfusion Service of the

Netherlands Red Cross (Amsterdam, The Netherlands). Carrier free K I, 25 mCi/ml,

free of reducing agents, was obtained from Philips Duphar (Petten, The Netherlands);

cat.no. DRN 5320. Sephadex G-75, DEAE Sephadex A-50 end QAE Sephadex A-50

were obtained from Pharmacia (Uppsula, Sweden); Monodur 31 from Vereinigte

Seidenwebereien (Krefeld, FRG); membrane filters no. 1121, 0.2nm, from Schleicher

and SchUll (Dassel, FRG) and a membrane filter 0.22nm from Millipore Benelux

(Brussels, Belgium). Special Agar Noble was obtained from Difco Laboratories

(Detroit, USA). Recrystallized bovine serum albumin, obtained from Fluka AG (Buchs,

Switzerland); cat.no. 05470, was dried over Po^e before use as standard in the Folin

reaction. All other chemicals were of reagent grade.

3.7.2. Me thods

3 .7 .2 .1 . Determination of protein

Orosomucoid concentrations were determined by the radial immunodiffusion technique

of Mancini (1965), as modified by the manufacturers of the plates, using the above
1 em

mentioned orosomucoid from Behringwerke as standard; by A«o_ measured with a
n i o/ i ioUnm

Zeiss PMQII spectrophotometer, using A ' 280cm = 0 > 8 9 (S c h m i d ' 1 9 6 8 ) ' a n d b y

the Folin reaction (Bailey, 1962), using recrystallized bovine serum albumin as standard.
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3.7.2.2. üal ic acid anal/sis

Sialic acid was determined by the method of Warren (1959).

3.7.2.3. Hexose analysis

Total hexose content was determined with the phenol reaction as described by

Ashwell (1966).

3.7.2.4. Immunological technique

Immunoelectrophoresis (IE) was carried out in 1.3% Special Agar Noble, 0.05 M

veronal buffer, pH 8.6, according to Peetoom (1963).

Macro-Ouchterlony (double agar gel diffusion) plates were prepared according to

Brummelhuis (1970) in 0.9% agarose. The holes had a diameter of 0.7 cm, and the

distance from core to core was 1.1 cm.

Antisera against the orosomucoid preparation were produced in rabbits. Intra-

muscular injections, totalling 1 ml 0.05%protein and 1 ml of Freund's complete

adjuvant, were given divided over several parts of the body. Four weeks later this

procedure was repeated with Freund's incomplete adjuvant. Antisera were collected

three weeks after the second injection.
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IV METABOLISM OF 131|-OROSOMUCOID AND 131|-ASiALO-OROSOMUCOID

IN THE RAT

4 . 1 . INTRODUCTION

In the previous chapter the preparation of lodinated modified orosomucoid was des-

cribed. To determine whether this material in principle would be useful as a pharma-

con for liver function studies its metabolism in the rat was investigated. The material

was therefore intravenously injected into rats and at various times after injection the
131

animal was decapitated and dissected. The I was determined in various tissues.

An lodinated but unmodified orosomucoid was used in similar experiments for compa-

rison. A few additional experiments, gelchromatography of plasma at various times

after infection and bile duct canulation, were done to aid in the in'.ipretation of

the results.

4 .2. ANIMAL EXPERIMENTS

131
Male Wistar rats were infected in a tail vein with 0.5 ml of a solution of 1-

131
orosomucoid or l-asialo-orosomucoid containing about 0.1 mg protein. At various

times (see Table 4 . 1 . and 4.2.) after infection 2 or 3 rats were decapitated and

immediately a number of tissues (see Table 4 . 1 . and 4.2.) were removed and freed of

adhering blood by blotting with tissue paper. A part of the small intestine (the first

15 cm past the stomach) was also taken. Blood was collecl-ed in heparinized centrifuge

tubes. After spinning for ten minutes in a clinical centrifuge, I to 2 ml samples of
131

plasma were taken for the measurement of I.

As a result of the method of decapitation it was not possible to obtain in all cases

the whole thyroids so that only qualitative results can be given for this tissue. Also

only qualitative results can be given for the urine samples, since complete urine

collections were not performed.
131

From one rat, decapitated 40 minutes after injection of l-asialo-orosomucoid, the

stomach was counted before and after rinsing out t'.;-. contents.
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For canulation of the bile ducts rats were anesthetized by intraperitoneal injection of

20 mg pentobarbital. Following laparotomy the bile duct was canulated with a
131

polyethylene canule. After intravenous injection of 1-asialo-orosomucoid the bile

was collected in 15 minute intervals. For comparison the study was repeated using

l-bovine albumin.

4.3. RESULTS

4 . 3 . 1 . M e t a b o l i s m of
131

l - o r o s o m u c o i d

The collected data of the distribution of the unmodified protein are summarized in

Table 4 . 1 .
131

Analysis of the disappearance rate of l-on smucoid from the plasma was

facilitated by a computerprogram, using Marquards iteration method (Kirkegaard, 1970)

and showed that these data could be presented by a two-exponential model

-v•vyfy) = c]e ' +c2e

with halftimes (Tj- =
In 2

) of 2.88 H (<r = 0.281) and 27.3 H (a = 3.29), (see

Fig. 4 .1 . ) . The urine showed a high concentration of radioactivity in the first hours

following injection.

1 3 1
4.3 .2 . M e t a b o l ism of I - a s i a l o - o r o s o m u c o i d

The distribution data of the modified protein are summarized in Table 4 .2 . The uptake

and subsequent release of radioactivity by the liver are shown in Fig. 4 .2 . A relati-

vely high amount of radioactivity was measured in the thyroids, with the highest

percentage of 4.55 per cent of the injected dose in the thyroid, 1 hour after injection.

Of the radioactivity found in the stomach 40 minutes after injection (approximately

10 per cent of the dose injected) about one-tenth was left after removal of the contents

and rinsing of the organ.

A Sephadex G-75 column (35 by 2 cm) was used to separate the free iodide in

plasma from that covalently bound to protein. Three samples were passed through tnis

25
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column: two were collected from r3ts decapitated resp. 5 and 40 minutes after the
131

injection of l-asialo-orosomucoid, the third was rat plasma mixed in vitro with
131

Na I. The column was equilibrated and eluted with 1 per cent NaCI. The 280 nm

absorbancy and the count rate of the various fractions eluted were monitored.

This Sephadex G-75 chromatography (Fig. 4.3.) showed that 5 minutes after infection

most of the radioactivity in the plasma was associated with high molecular weight

materials while 40 minutes after injection it was present in the low molecular weight

fractions.

Sections of the liver of a rat, decapitated 5 minutes after intravenous injection
125

of 0.1 mg (=70 jiCi) *" l-asialo-orosomucoid were used for autoradiography (Fig.

4 .4 . ) . This showed that 5 minutes after inje^Hon of the modified protein the radio-

activity was present essentially in al! liver cells. For comparison a rat was infected
197

with a mixture of HgS and Antimony Sulfide colloids and again autoradiography

was performed (Fig. 8 .3 . ) . Here aii the radioaentity was iocated in clusters.
131

The bile duct canulation showed a small amount of I appearing in the bile,

starting approximately 30 minutes after injection and reaching a total of about 10 per
125

cent of the injected dose. Of the l-albumin study only about 1 per cent was

excreted in a similar time span (Fig. 4 .5 . ) .

4 .4 . DISCUSSION

4.4.1. Metabolism of 131
I - o rosomu c o i d

The disappearance of unmodified protein from the plasma (Fig. 4.1.) can be repre-

sented by a two-exponential model. The fast component of the disappearance curve

(halftime 2.88 H) can be explained by the distribution over extravascular spaces and

probably also by some excretion via the kidneys. The slower one (halftime 27.3 H)

is due to the normal catabolism.

Extrapolation to time zero indicates a space of distribution of 60 ml. There is no

particular accumulation of the label in any of the organs included in the study (see

Table 4 .1 . ) . The maximum activity in the liver at approximately five hours after

injection probably reflects the f i l l ing of the extra vascular space, while the high
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values of the kidneys shortly after injection must, at least in part, be due to excretion

with the urine.

4.4.2. M e t a b o l i s m of
131

I - asi a I o -o rosom u co i d

11 is clear from the data for the plasma (Table 4.2.) that intravenously injected
131

l-asialo-orosomucoid is rapidly removed from the bloodstream. In contrast to the

unmodified protein, 5 minutes after injection, only a few per cent of the dose is in

circulation, while 75 per cent is located in the liver (Table 4 . 2 . , Fig. 4 .2 . ) . Since

the first sample was taken at t = 5 minutes, it is possible that the maximum of the

radioactivity in the liver had been reached oven earlier and might have been higher.
131

Fig. 4 .2 . also shows that the I is rapidly removed from the liver. This activity
goes to the plasma (Table 4.2.) from where a considerable amount accumulates in the

131

thyroid and the stomach, suggesting that it was present in the plasma as l-iodide.

That 90 per cent of the activity of the stomach at t = 40 minutes could be rinsed out

shows that it was excreted by the parietal, HCI forming cells. The results of the
131

gelflltration are in accordance with the assumption that I is released from the liver
as iodide. Since no radioactive high molecular weight material was observed on

131
chromatography of the mixture of plasma and Na I prepared in vitro (Fig. 4 .3 . -D) ,

the high molecular weight peak of the plasma taken at t =40 minutes (Fig. 4 .3 . -C)

cannot be iodide bound to proteins but is probably a small amount of orosomucoid,

which has not been modified during the neuraminidase treatment.

There is l i tt le accumulation of radioactivity in tissues other than liver, thyroid

and stomach (Table 4.2.) and part of the radioactivity in these tissues is due to their

plasma content. Excretion of catabolic products from the liver via the bile into small

intestine was tested; 10 per cent vas found in collected biie during canulation. This

was confirmed by the finding of small amounts of activity in the upper section of the

small intestine (Fig. 4 .5 . ) .

The animal studies described in this paper confirm the rapid disappearance of intra-

venous injected asialo-glycoproteins from the circulation (Morell, 1971). A rapid

uptake and rapid catabolism by the liver, as demonstrated for asialo-ceruloplasmin

(Gregoriadis, 1970) was also observed for asialo-orosomucoid, which may seem
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suitable for a liver function test in nuclear medicine.

The rather uniform distribution of the silver grains in Fig. 4.4. is in contrast with
197

the localization in clusters as seen in the autoradiogram after injection of HgS

and Antimony Sulfide colloids (Fig. 8 .3. ) . Since this last product is exclusively

found in the Kupffer cells - which occupy only a few per cent of the liver mass - the

uniform distribution found after injection of modified orosomucoid suggests that this

material must have been taken up by the hepatocytes, which occupy most of the moss

of the liver. However, the autoradiogram does not give any indication about the role

of the Kupffer cells.

4.5. MATERIALS AND METHODS

4 . 5 . 1 . M a t e r i a l s

Male Wistar rats, weighing about 200 grams, were obtained from the Central

Institute for the Breeding of Laboratory Animals (Zeist, The Netherlands).

Sephadex G-75 was obtained from Pharmacia (Uppsala, Sweden).

Polyethylene Canules P.E.-20 were obtained from Clay-Adams, (St. Louis, U.S.A.)

Bovine serum albumin twice recrysfallized, was obtained from Fluka (Buchs,
I3l

Swiss). l-orosomucoid was prepared in exactly the same way as described for the

modified material (Chapter III), except that neuraminidase was replaced by water.
125 131

For autoradiography asialo-orosomucoid was labeled with I instead of I.

4 .5.2. Methods

All samples were counted in a (3 by 3 inch) well type Nal (Tl) crystal connected to a

Northern Scientific Econ II multichannel analyzer. As counting standards, one fifth
131 131

of the injected dose of l-asialo-orosomucoid and l-orosomucoid were used.

After correction for background the results were expressed as percentages of the

injected dose.
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Time

(hr.)

0.5

0.5

5

5

8.5

8.5

24

24

41

41

47

47

63.5

63.5

72

72

96

96

Plasma

(%/ml.)

7.27

8.70

3.83

3.41

2.50

2.25

0 95

1.24

0.67

0.51

0.45

0.48

0.38

0.36

0.29

0.30

0.16

0.17

Recovery

Liver

(%)

2.24

1.16

3.95

5.05

3.72

2.80

1.65

1.67

1.15

1.15

0.84

1.01

1.32

1.27

0.83

0.88

0.87

0.72

, 1 3 1 . , 131. . .
or 1 from l-orosomucoid

Kidneys Brain

(%/Gm.) (%/Gm.)

1.60

1.21

0.59

0.50

0.42

0.39

0.16

0.19

0.12

0.09

0.10

0.11

0.11

0.10

0.15

0.09

0.07

0.08

0.17

0.11

0.05

0.06

0.04

0.05

0.02

0.03

0.03

0.03

0.02

0.02

0.05

0.03

0.02

0.02

0.02

0.02

Muscle

(%/Gm.)

0.17

0.12

0.13

0.13

0.14

0.17

0.08

0.14

0.05

0.05

0.05

0.04

0.10

0.10

0.04

0.03

0.02

0.02

Spleen

{%/Gm.)

1.2

1.2

0.28

0.29

0.29

0.28

0.11

0.14

0.15

0.15

0.11

0.07

0.08

0.07

0.10

0.07

0.05

0.05

Pelt

{%/Gm.)

0.30

0.23

0.48

0.36

0.42

0.39

0.23

0.21

0.17

0.16

0.21

0.18

0,10

0.10

0.05

0.08

0.06

0.11

131
Table 4 . 1 . : Recovery of I in various tissues of the rat at different times after

131
intravenous injection of 0.1 mg l-orosomucoid. The ranges (and means)

of the weight of some of the tissues were: kidneys (both), 1.6 to 2.1 Grn.

(1.80 Gm.); livers, 8.0 to 11.8 Gm. (9.8 Gm.); spleens, 0.35 to 0.55

Gm. (0.46 Gm.); brains 1.5 to 2.15 Gm. (1.69 Gm.) The values are

expressed in per cent of the dose per ml or gram of tissue or in the whole

tissue. Data for thyroids and urine are not included in this table because

of losses of the first at decapitation and because no urine was collected

apart from that recovered from the bladder.
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Fig. 4 . I . : Disappearance of I from the plasma of rats decapitated at various

131
times after fnfectfon with 0. ? mg l-orosomucoid. Trie actual

results obtained for the individual rats are shown as dots. The two

lines show the results of the computer analysis as decribed under

4 . 3 . 1 . ;. >

s

is
30



Recovery of 1 from l-asialo-orosomucoid

Time Plasma Liver Stomach Small Kidneys Brain Muscle Spleen Pelt
intestine

(min.)(%/ml.) (%) (%) (%) (%/Gm.) (%/Gm.)(%/Gm.) (%/Gm.)(%/Gm .)

5

5

10

1C

10

15

15

20

20

20

30

30

40

40

60

60

0.20

0.26

0.27

0.19

0.35

0.57

0.61

1.24

0.76

0.57

0.62

0.57

0.98

0.88

0.27

0.31

74.82

70.23

55.60

70.28

83.56

52.83

59.84

26.36

30.66

24.12

14.40

10.98

6.84

6.90

3.97

4.15

1.74

1.41

3.58

-

-

4.65

2.81

9.87

4.97

4.37

6.11

7.52

8.53

12.38

10.67

10.77

0.25

0.30

0.84

-

-

2.68

1.31

1.80

1.65

2.48

2.36

2.71

1.62

1.30

1.89

1.61

0.34

0.38

0.40

0.40

0.38

0.63

0.59

0.89

0.76

0.81

0.82

0.83

0.79

0.65

0.49

0.54

0.02

0.02

0.03

0.03

0.04

0.06

0.07

0.08

0.09

0.07

0.06

0.07

0.05

0.05

0.03

0.03

0.06

0.06

0.06

0.09

0.11

0.11

0.12

0.17

0.17

0.15

0.16

0.18

0.16

0.14

0.12

0.15

0.18

0.17

0.22

0.18

0.19

0.24

0.27

0.41

0.47

0.34

0.35

0.45

0.60

0.39

0.25

0.27

0.16

0.18

0.20

0.20

0.16

0.27

0.31

0.53

0.41

0.55

0.57

0.52

0.69

0.59

0.59

0.61

131
Table 4 .2 . : Recovery of I in various tissues of the rat at different times after

131
intravenous injection of 0.1 mg l-asialo-orosomucoid. The ranges

(and means) of the weights of some of the tissues were: kidneys (both),

1.4 to 2.0 Gm. (1.72 Gm.); livers, 8.4 to 11.6 Gm. (9.5 Gm.);

spleens, 0.40 to 0.60 Gm. (0.47 Gm.); brains, 1.4 to 2.0 Gm.

(1.67 Gm.) . The values are expressed in per cent of the dose per ml

or gram of tissue or in the whole tissue. Data for thyroid and urine:

see legend Table 4 . 1 .
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Fig. 4 . 2 . : Uptake and release by the liver of I in rats decapitated at various

131
times after injection with 0.1 mg l-asialo-orosomucoid protein.

The actual results obtained for the individual rats are shown as dots.

The dots at times 40 and 60 minutes each represent two superimposed

results. In contrast to the lines in Fig. 4 . 1 . the line in this figure

connects the average for each time and were not arrived at by compu-

tation .
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fraction no.

Fig. 4 .3 . : Results of the gel filtration of plasma samples on Sephadex G-75. The

column (35 by 2 cm) was equilibrated with 0.9 per cent NaCI and the

effluent collected in fractions of approx. 2.5 ml.

Curve A (identical for all plasma samples) shows the elution of proteins

(fractions 14 through 22) and low molecular weight materials (fractions

44 through 54) by their absorption at 280 nm.
131

Curves B, C en D show the distribution of I over the fractions when

the following samples were passed through the column: B, plasma from
131

a rat decapitated 5 minutes after the injection with l-asialo-orosomu-

coid glycoprotein; C, plasma from a rat decapitated 40 minutes after the
131 -

infection with the same protein; D, rat plasma, mixed in vitro with I .

For comparison, in all patterns the highest peak was set arbitrarily at the

100 per cent point of the ordinate. In reality the highest peak of pattern

C was about 3 times as high as the highest peak of pattern B. :- i
( |
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Fig. 4.4. Auroradiogram of a section (5(i) of a rat liver

taken 5 minutes after injection of 0.1 mg (70(iCi)
125

l-asialo-orosomucoid. Film: AR-10 stripping

film (Eastman Kodak, Rochester, N.Y. ) ; exposure:

18 days at 4 C; development; Kodak D19b developer

at 18 ; staining: hematoxylin-eosin; magnification:

x 1000.
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131
V KINETICS OF 1-ASIALO OROSOMUCOID IN THE RAT STUDIED WITH THE

GAMMA CAMERA

5 . 1 . INTRODUCTION

,31.131
As has been shown in chapter IV, modification of l-labelled orosomucoid changes

drastically its metabolism when infected intravenously in the rat. It is taken up and
131

catabolized by the liver. Thereafter the label ( I) is for the greater part released

back into the circulation, while a small part appears in the bi le.

Since the label led protein is rapidly taken up in the liver and the released label dis-

appears rapidly from the liver, it should be an excellent means for liverfunction study

with the gamma camera.

Control rats, anaesthetized rats and hepatoma bearing rats were intravenously
131

injected with 100|ig l-asialo-orosomucoid after being positioned under the gammo

camera.

5.2. GAMMACAMERA

A gamma camera system transposes a three-dimensional distribution of radioactivity i n -

to a two-dimensional picture, which is interpretable. In the system two units can be

distinguished namely the detectorhead and the control console (Fig. 5 .1 . ) .

Gamma rays emitted by radioisotopes first pass through a col lima tor. This col I i -

mator, consisting of thousands of channels in a plate,absorbs all but a small fraction of

gamma rays coming from a well-defined direction. At the exit side of the collimator

this results in gamma rays impinging on a thallium activated sodium iodide crystal.

Each gamma ray is absorbed, partly or totally, by the crystal and gives rise to a

scintillation. The brightness of the scintillation is proportional to the energy absorbed

in the crystal.

The Nal(TI) crystal is viewed by a hexagonal array of 19 multiplier phototubes. Each

scintillation activates the photomultipliers differently depending on their distance from

the origin of the scintillation. After amplification the output signals from the photo-

cathodes pass through preamplifiers and a resistor network, which produces four signals.
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These four (+x, -x, +y, -y) signals contain the information of the position of the

scintillation and the absorbed energy of the gamma ray.

The positioning signals are transmitted from the detectorhead to the control console.

The signals are again amplified and sent, via a ratio circuit, to the plates of an

oscilloscope. From an addition circuit a third signal (Z signal) which is proportional

only to the brightness of the scintillation without regarding the position of the origin

in the crystal is obtained. This signal is applied to the input of a single-channel pulse-

height selector. The window of the pulse-height selector is adjusted to accept only

the totally absorbed unscattered gamma rays from the photopeak. Unwanted signals due

to scattering of gamma rays in the object or detectorhead are thus eliminated.

So the Z signal indicates whether a scintillation results from a primary gamma quantum

and is used to unblank the beam of the oscilloscope, resulting in a point flash of light

on the oscilloscope.

An optic camera placed in front of the oscilloscope collects all these flashes. !n this

way, after developing the f i lm, a two-dimensional display of a three-dimensional

distribution of the radioactivity in the object is obtained.

1 hexagonal array of
19 multipliers

image readout
oscilloscope

Fig. 5 .1 . : Blockdiagram of a gamma camera system
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5.3. METHODS AND MATERIALS

In most instances female Wistarrats of 175 to 200 g were used, except in the case of

the hepatoma bearing rats. These last were male Wistar R rats intraperitoneally injected

with Hepatoma 484 cells. Some of the Wistar rats were anaesthetized by intraperito-

neally injecting 18 mg pentobarbital just before the gamma camera study or, as in one

case, two hours in advance.

The unanaesfhetized rats were fixed by means of a restraining cage. After positio-

ning under the gamma camera (Nuclear Chicago HP) all animals were intravenously
131

injected into a tailvein with 0.5 ml of a solution containing 100/ig (70jiCi) I-

asialo-orosomucoid.

During the study the data was collected, using an extended Hewlett Packard

5407 computer system on-line. For data analysis a region of interest (ROI) was chosen

over the ilver and a time-activity curve was constructed.

. . : • !

5.4. RESULTS

5.4 .1 . Con t r o l rats

Eight control rats were tested under the gamma camera without anaesthesia. In one
131

out of the eight cases a significantly slower release of l-iodine from the liver was

observed, though the rate of uptake in all eight cases hardly differed (Fig. 5.2,) .

Both Fig. 4 .2. and Fig. 5.2. «how that the maximum activity is reached shortly before

ten minutes post injection. However, in contrast to the data in Fig, 4 .2 . the down-

slope of the curves in Fig. 5.2. shows a distinct shoulder

5.4.2. A n a e s t h e t i z e d rats

By observing under the gamma camera two rats simultaneously, an anaesthetized and a
131

control one, the effect of pentobarbital on the kinetics of l-asialo-crosomucoid

could be studied (Fig. 5.3. and 5.4.) .
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Fig. 5 .2. : Time-acitvity curves obtained with a gamma camera of the livers
131

of eight rats after injection of 0.5 ml l-asialo-orosomucoid.

On the ordinate the countrate in arbitrary units. These units differ

from curve to curve since the curves were plotted so as to have

their maxima coincide.

The resulting curves in case of the anaesthetized rats showed instead of a clearly

defined maximum an extended plateau and a distinct slower release or, as in case of

the rat injected t".\> hours in advance, no release at all of the label from the liver

(Fig. 5 .5. ) . The rate of uptake was only slightly slower when the anaesthetized and

control rats were compared as groups.

It should be noted that the effect of anaesthesia on the kinetics of the radiopharmacon

Is a general one since in our studies it was also seen in case of other narcotics like

chloroform, ether and urothane.

m
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Fig. 5.3.: Distribution of the

radioactivity in an

anaesthetized (left)

and a control rat

(right) at different

times after injection.

A 3 minutes p.i.

B 25 minutes p. i .

C 45 minutes p.i.

40



Fig. 5 .4 . : Time-activity curves of an anaesthetized (upper curve)

and a control rat. Same rats as in Fig. 5.3. Each point

represents a half minute interval.
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Fig. 5 .5 . : Time-activity curves of gamma camera studies of the same

eight control rats(r)) as in Fig. 5 . 1 . and twelve anaesthe-

tized rats that received 18 mg of pentobarbital inrraperito-

neally (A). W!iC:r. *wo or wore symbols coincide a cS symbol

is printed. The numbers 1 through 49 refer to time-intervals

of one minute each.
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5.4.3. Hepa foma -484 - b e a r i ng rats

Three hepatoma bearing rats were studied under the gamma camera. The observed

curves differed considerably from those of the control rats (Fig. 5 .6. ) . In contrast
131

to the anaesthetized rats the uptake of the I in the liver of two out of the three

animals was also distinctly slower.

Also the release of the radioactivity was slower than in case of the control rats.

But most strikingly a long plateau was seen instead of a maximum or, as in one case,

no maximum was reached at all (curve 3).

5.5. DISCUSSION

When observed under the gamma camera the time-activity curves (Fig. 5.5.) of the

control rats showed a shoulder on the back of the peak. That this feature was seen

with the gamma camera and not in the experiments in the previous chapter (Fig. 4.2.)

can be explained by the relatively large time-inrervais in the last case.

This shoulder may be caused by a heterogeneity of the modified glycoprotein which

would result in differences in affinity of the liver for these various species.

The final level of I concentration in the liver, e.g. at 60 minutes after

injection, is higher in case of the gamma camera studies than in case of the experi-
131

ments involving dissecting the animals. This difference is the result of I in blood

and surrounding tissue in the former.

The experiments in this chapter show that introduction of a hepatoma in the rat
131

considerably influences the kinetics of the !-asialo-orosomucoid. But even narco-

tics modify the curves. In this case the uptake was only slightly affected which is

not surprising since the binding capac'ity of the Iivermembrane exceeds considerably

the amount of injected material. These small differences can be explained by a smaller

bloodflow because of the anaesthesia. That the label stays longer in the liver,as shown

by the platea^and is slower released must be due to effects of the narcotics on the

function of the livercell.

Since no histological preparations were made from the liver no explanation can

be given for the vastly differing curves in case of the hepatoma-bearing rats.
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Fig. 5.6. : Time-activity curves of eight control rats (D) and three

hepatoma-484-bearing rats (1,2,3).

Rat 1: the least affected rat.

Rat 2: died 5 hours after the study was finished,

Rat 3: died at the end of the study.

When two or more different symbols coincide ao^ symbol is

printed. The numbers 1 through 47 refer to time intervals

of one minute each.
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An explanation solely based on differences in bloodflow seems unlikely. An impaired

uptake of the asialo-glycoprotein is certainly a possibility.

Although various details of the rat experiments remain still unexplained, the

fairly similar curves in case of the controls and the obvious deviations in case of some

abnormalities warrants the possibility of also detecting human liver disorders>/

monitoring such time-activity curves under the gamma camera.
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VI ASIALO-OROSOMUCOID FOR HUMAN APPLICATION

6 . 1 . INTRODUCTION

In previous chapters it was shown that modified orosomucoid i$ rapidly taken up by the

liver of the rat. Both#various forms of anaesthesia and the introduction in the rat of a

hepatoma,markedly modified the shape of the time-activity curves of the livers.

Because of these encouraging results tests with human controls and with patients with

liverdlsease were a logical next step.

However, a radiopharmacon for human application has to meet a number of extra

requirements in comparison with rat studies: i t should be sterile, free of pyrogen,

and non-toxic. Moreover, being a protein, it should not give rise to antibody

formation, and therefore to adverse reactions on repeated application.

6.2. INSOLUBLE NEURAMINIDASE

Because of the last mentioned requirement the enzyme neuraminidase, which was

prepared from Vibrio Cholerae, cannot be tolerated in the pharmacon. Removal by one

of the various biochemical techniques would be a possibility but this approach was

hampered by uncertainty about the molecular weight (Schramm, 1959; Laver, 1964)

and the purity of the enzyme. Another possibility was not to contaminate the pharma-

con with the enzyme at any time by using it in a so-called immobilized form. For this

purpose a number of methods are available: binding to an insoluble matrix, occlusion

in a matrix and cross-linking the enzyme to form large insoluble aggregates (Lang,

1972). For the purpose at hand the first method, binding to a marrix^seemed to be the

method of choice, since in this case the enzyme would be the most accessible to the

substrate, the orosomucoid.

Vibrio cholerae neuraminidase (Calbiochem., Los Angeles) was coupled to

Sepharose 4B (Pharmacia, Uppsala) by the cyanogen bromide method, basically as

described by March (1974) while sterile conditions were maintained as much as possible.
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6.3. PREPARATION OF ASIALO-OROSOMUCOID

To a sterile solution of 30 mg of orosomucoid in a volume of about 50 ml dilute acetic

acid, sodium chloride and calcium chloride were added to imitate as much as possible

the conditions as described in Fig. 3.4.

This solution was then shaken overnight at room-temperature with a suspension of the

immobilized enzyme (approximately 500 U). After centrifugal-ion in a clinical

centrifuge the clear protein solution was sterilized by passing through a membrane

filter of pore size 0.22 (im (Millipore Benelux, Brussels).

The sialic acid in the final product turned out to be completely removed from the

protein as shown by the thiobarbituric acid assay Omarren, 1959).

6.4. TESTING OF THE ASIALO-OROSOMUCOID

Before freafmenf with the neuraminidase the orosomucoid (batch 0 9742; Central

Laboratory of the Netherlands Red Cross Blood Transfusion Service, Amsterdam) was

tested for sterility, pyrogenicity and toxicity at the Central Laboratory. After the

modification these tests were repeated by the Laboratory of Pharmacology (Rijks

Instituut voor de Volksgezondheid, Bilthoven), and this Institute certified the

pharmacon as suitable for human application.

In an attempt to test whether the modified orosomucoid has antigenic properties

a "human dose" (0.5 mg) was injected intravenously in a rat. This procedure was

repeated four times with intervals of 3 - 4 days. During this period no signs of adverse

reactions were noticed. Three days after the last injection blood was taken from the

rat and the plasma was tested with the Ouchterlony-technique for antihuman-asialo-

orosomucoid using the material injected. No precipitation arcs were shown.
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VII 131 -ASIALO-OROSOMUCOID STUDIES IN CONTROLS AND PATIENTS

7 . 1 . MATERIALS AND METHODS

Over five days, starting two days before the study, and lasting until the third day

after the study, all controls and patients were each day treated with ten drops

Solutio Lugoli Forte to prevent uptake of I-iodide by the thyroid.

The patient was positioned under the gamma camera with the field of view of a
131

high energy, diverging, collimator over the liver. After that 100 )iC\ (0,5 mg) I-

asialo-orosomucoid in 2 ml saline was injected intravenously. The computer (Hewlett

Packard 5407B scintigrafic system) on-line with the gamma camera, was started at the

time of injection and all data of the fifty minutes study was collected on magnetic

tape.

The analysis of the data was performed off line: a region of interest was chosen over

the whole liver and time-activity curves were constructed.

7.2. CONTROL STUDIES

In total, ten control persons were investigated as described above; eight males

ranging in age from twenty-four to forty-five years, and two females of twenty-

seven and twenty-nine years old. Al l were in good health. The curves obtained

in four of these controls are shown in Fig. 7 . 1 .

The curves are remarkably the same. All other curves in this control group are quite

similar to those shown in Fig. 7 . 1 . with the exception of one, showing slower release

of the radioactivity from the liver. No explanation could be found for this fact; all

standard Iiverfunction tests were within the normal range.

When comparing the curves with those obtained from normal rats (Fig. 5 .2. ) , one

notices that the maximum of the activity in humans is reached at twelve minutes

and in rats at eight minutes after the injection. Also in humans the release of the radio-

activity is slower than in rats. The shoulder that can be seen in several of the curves

in Fig. 5 .2. is not present in those of the human controls (Fig. 7.1.) .
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131
Fig. 7 . 1 . : Time-activity curves from studies with I-

asialo-orosomucoid obtained with four controls

(1, 2, 3 and 4). The maximum of all curves

were normalized to the same height. Each point

represents a two minutes interval. Where two or

more points coicide a (:) was plotted.

A possible explanation for this last difference could be a more homogeneous batch

of orosomucoid used in the latter case. Fig. 5.3. showed the distribution of radio-

activity in rats. The distribution of radioactivity in normal human beings at different

times after intravenous injection is shown in Fig. 7.2.A. and 7.2.B.
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Fig. 7 .2 . : Distribution of l-asialo-orosomucoid in the liver of a

control person.

A. 15 minutes after injection.

B. 45 minutes after injection.

C. Functional image of the liver using Fig. 7.2.A.

and Fig. 7.2.B. (see text).

50



Moreover, attempting to develop a method of data presentation, from which a

clinician might extract useful information by inspecting a picture, a functional image

was constructed (Fig. 7.2.C.) . For every matrix point the radioactivity at 15 minutes

was divided by that at 45 minutes and the ratio was expressed in a gray scale. A larger

ratio is shown as a brighter matrix area: the brightness in a picture element increases
131

with the responding disappearance rate of I. Little detail is seen in Fig. 7.2.C.

The gallbladder, however, is visualized rather clearly as a dark area. This can be

explained by the slow accumulation and the absence of release of radioactivity during

the period of the study.

7.3. PATIENT STUDIES

This group of 19 patients consisted of 15 males and 4 females ranging in age from 25

to 70 years and 50 to 75 years, respectively. These 19 patients could be ordered into

four groups as shown in Table 7 . 1 .

Cirrhosis

Metastasis

Hepatitis

Bile duct obstruction

male

3

4

5

3

female

1

0 v

1

2

Table 7 . 1 . : Groups of patient studies

Of all patients in Table 7 . 1 . the clinical diagnosis was confirmed by biochemical,

histological or other examinations.

The curves obtained did not differ from those of the controls as much as was

expected. The first part of the curves, reflecting the uptake was generally similar to

those of the controls. The length of the plateau and the second part of the curves,

reflecting the delay-time and release, showed some deviation from those of the controls.
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Some of the more clearly abnormal curves are shown in Fig. 7.3.

n

1O 3O 5O
time(min)

p portal hypertension
b bile obstruction
n normal

Fig. 7.3. : Time-activity curves of a normal and two

examples of abnormal curves.

< • ' •

U

In particular the uptake in a case of portal hypertension secondary to cirrhosis

(Fig. 7.3.p.) was considerably slower.

7.4. DISCUSSION

After the promising results of the rat studies the results of the human studies were rather

disappointing. This can be explained in part by the small amount of glycoprotein

(0.5 mg) injected. The extremely high rate of uptake suggests that a small percentage

N
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healthy cells would be sufficient to clear this small amount of the pharmacon from the

circulation in a short time. Therefore similar curves can be expected in patients with

liver disease and in controls.

One could hope to visualize regional defects by means of functional imaging.

However because of low count rates and therefore poor statistics and also because of
131

the high energy of the I gamma rays, requiring a high energy collimafor, a poor

spatial resolution resulted.

Finally one would like to see an excretion of the label through the bi le, to obtain

additional information about the patency of the bile tree.

Two ways of improving the diagnostic value of the radiopharmacon were considered.

The first would be replacing the iodine as a label by some other atom that Is excreted

via the bile after being released from the pharmacon in the l ivercell. The second would
123 131

be using I instead of I (Table 7.2.) .

Gamma energy

Beta emission

8 days

364 KeV

Yes

. 123

13.3 hours

159 KeV

No

131
Table 7.2. : Some physical characteristics of I

A I 2 3 I

and I.

This recently commercially available radionuclide has the advantage of a shorter

physical half- l i fe, a lower energy of its gamma rays and the absence of beta emission

resulting in a low radiation dose. Both the lower energy and the higher dose that can

be given should make it possible to improve the detection of regional defects in the

liverfunction by means of functional imaging.

Both these approaches wil l be described in the following chapters.
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99m 203
VIII LABELLING OF ASIALO-OROSOMUCOID WITH Tc AND F

8 . 1 . INTRODUCTION

At the end of the previous chapter It was suggested lhat a label other than Iodine

could be of advantage if this label would be excreted through the biliary tree rather

than be released back into the bloodstream.

Apart from the labelled dyes, which have their disadvantages as described in

1.10.2., no radiopharmaca were available at that time which were excreted with the

bile.

Since Tc is the radionuclide of choice in nuclear medicine, first an attempt was

made to label the asialo-orosomucoid with this nuclide followed by the study of its
203

distribution over the tissues of the rat after an intravenous injection. Then Hg was

introduced in asialo-orosomucoid as a label, because it is known that many heavy

metals are excreted with the bi le. Again a tissue-distribution was investigated in the

rat.

8.2. LABELLING WITH " m T c

, 99m,
To begin with, three methods of labelling of asialo-orosomucoid with Tc were

tested. The labelling using the iron-ascorbate method of Persson (1969) was unsuccess-

ful . Less than 10% of the label was bound to the protein, as proven by gelchromat-

ography over a column of Sephadex G-75 (0.9 by 20 cm;equilibrated with saline).

Both the stannous-chloride method of Lin (1971) and Eckelman (1971) and the

electrolytic method 'introduced by Benjamin (1969) resulted in denatured and therefore

insoluble protein. Since both these last two methods use low pH's and since the remo-

val of sialic acid raises the iso-electric point (IEP) of the protein from 2.7 to 5.0 i t

is possible that lowering the pH below the IEP during the preparation must be blamed

for this denaturation. Because unmodified orosomucoid with its lower IEP could possibly

be more stable at these low pH's, this protein was first labelled by the above mentioned

stannous-chloride method (Fig. 8.1.) .
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orosomucoid

. . 99m_
orosomucoid - Tc

99m_ _- , . _,
TcO. + SnCL

atpH = 2.0

Neuraminidase

atpH=5.6

t=0.25 h

T = 37°C
• 99m

Partly desialaied orosomucoid - Tc
+ "mTc-NANA

1 Ge I chromafography

over Sephadex G-100

99m
Partly desialafed orosomucoid - Tc

99m
free from Tc-NANA and other chemicals

99m
Fig. 8 . 1 . Preparation of Tc-asialo-orosomucoid

Typically more than 85% of the Tc was now bound to the protein. On subsequent-

treatment of the thus labelled orosomucoid with neuraminidase (see Fig. 3.4.) a gradual
99m 99m

release of Tc was observed. If seems likely that the Tc was bound to the sialic

acid and that both are therefore split off simultanously. For the experiments described
in 8.3. an incomplete treatment with neuraminidase was used so that 70-80% of the
99m

Tc, and therefore also the sialic acid, was still bound to the orosomucoid. It has

been shown before for ceruloplasmin that removal of one or two sialic acid residues

is sufficient to make a protein go rapidly to the liver after intravenous injection

(van den Hamer, 1970.).
99m

8.3. METABOLISM OF THE Tc-ASIALO-OROSOMUCOID IN THE RAT

99m

Doses (0,5 ml containing 0,1 mg) Tc-asialo-orosomucoid were intravenously injec-

ted into a number of rats and the tissue distribution of the label was measured at
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different times after injection. The results are shown in Table 8 . 1 . When these results
131

are compared to those obtained with l-asialo-orosomucoid (Table 4.2.) it is obvious
99m

that the Tc is also exclusively and rapidly taken up in the liver.

However, in contrast to the I , the Tc is not released from the liver during the

time of the study: the concentration in the liver stays high (more than eighty per cent

of the dose) and no Tc appears in the stomach and small intestine.

Autoradiography of a frozen section of the liver, fifteen minutes after injection,

showed a distribution similar to that in Fig. 8.3 (upper pictures).

on*}
8.4. LABELLING WITH Hg

Because of the very high stability constant of bonds between sulfur and mercury such a

binding would also have preference for labelling of asiolo-orosomucoid, but this

protein does not have any free sulfhydryl groups, although it does have two disulfide

groups (Schmid , 1974). For such proteins a method for labelling with heavy metals

was worked out by Nooyen (1976). This method involves splitting the disulfides and
203 203

reacting the resulting sulfhydryls with Hg. The excess of Hg, loosely bound to
other ligands of the protein, can be removed by reacting with EDTA and separating

203
the Hg-EDTA from the labelled protein by gelchromatography.

As shown in Fig. 8.2. the sulfitolysis (Kolthoff, 1958) was chosen for splitting the
203

disulfides. After reaction with the Hg and removal of its sxcess, it turned out that
203

two atoms of Hg were bound per molecule of protein.
131 203

As a control asialo-orosomucoid was first labelled with I and than with Hg.
203

Since this preparation contained also about two atoms of Hg per molecule of protein,
131

it is unlikely that c significant portion of the I would be bound to the protein free
203 131 203

of Hg. Therefore the I would be a good indicator for the fate of the Hg
labelled protein.

903
8.5. METABOLISM OF THE Hg-ASIALO-OROSOMUCOID IN THE RAT

203 131

The fate of the modified protein, labelled with both Hg and ' I, was investigated

as was described in 8.3. for its technetium-labelled equivalent, except that the dis-

tribution was studied only 5 or 45 minutes after injection. The distribution of the labels

is shown in Table 8.2.
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R - SS - R'

1atpH7.1

R - SSO3 S - R'

! *
203,, 2+

Hg

R - SSOn

+ EDTA

• 203., +
Removes excess Hg

Gelchromatography

over Sephadex G-25

203,
Hg-asia)o-orosomucoid
, 203 ue from rig

other chemicals

203
free from Hg-EDTA and

203
Fig. 8 .2. : Preparation of Hg-asialo-orosomucoid

131
Comparison of these results for I with those obtained with the singly iodinated

203
glycoprofein (Table 4.2) shows a reasonable agreement.' The Hg distribution,

however, is quite different. Although its appearance in the various tissues resembles
131

that of I, its disappearance from the liver is much slower. At 45 minutes a fair
203

amount of Hg is found in the kidneys and in the stomach, suggesting a release from

the liver into the blood rather than into the bi le. This last fact was confirmed by bi le-

canulation: only 2 per cent of the dose was collected in the bile in four hours. This
125

excretion is comparable to that of the label of l-albumin as shown in Fig. 4 .5 .
203

The slow release from the liver could mean that the Hg labelled protein is

taken up by the Kupffer cells rather than by the hepatocytes. The normal behavior of
131

the l-lubel disagrees with this possibility. Moreover an autoradiogram was made of
203

the liver of an animal injected with Hg-asialo-orosomucoid. (Fig. 8.3.)
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Recovery of Tc from Tc-asiaïc-orosomucoid

Time Plasma Liver Stomach Small Kidneys Brain Muscle Spleen Pelt
intestine

(min.) (%/ml.) (%) (%) (%) (%/Gm.) (%/Gm.)(%/Gm.) (%/Gm.)(%/Gm.)

5

5

10

10

15

15

20

20

30

30

40

40

60

60

5.10

5.16

1.20

0.95

0.42

0.40

0.32

0.25

0.33

0.31

0.69

0.47

0.30

0.44

71.31

71.49

95.31

96.90

90.4

88.2

92,50

91.50

78.99

92.74

87.18

98.49

84.64

88.36

0.14

0.21

0.08

0.06

0.03

0.03

0.06

0.06

0.05

0.03

0.06

0.03

0.01

0.07

0.12

0.11

0.10

0.08

0.13

0.13

0.21

0.21

0.27

0.25

0.20

0.28

0.18

0.16

0.50

0.56

0.32

0.29

0.26

0.25

0.27

0.25

0.32

0.33

0.77

0.57

0.69

0.49

0.06

0.06

0.02

0.01

0.01

0.01

0.02

0.00

0.00

0.01

0.01

0.00

0.00

0.01

0.05

0.07

0.02

0.02

0.01

0.01

0.01

0.01

0.01

0.02

0.02

0.03

0.01

0.02

3.08

2.56

3.16

2.75

2.67

2.88

2.07

1.85

1.56

2.14

2.94

3.56

1.86

2.45

0.06

0.07

0.02

0.02

0.02

0.01

0.02

0.01

0.02

0.03

0.04

0.06

0.03

0.04

,99mTc in various tissues of the rat at different times after
99m,

Table 8 .1 . : Recovery of

intravenous injection of 0.1 mg 'Tc-asialo-orosomucoid. The ranges

(and means) of the weights of some of the tissues were: kidneys (both),

1.4 - 2 Gm.(l .65 Gm.); livers, 7.1 - 10.0 Gm.(8.44 Gm.) spleens,

0.39-0.58 Gm. (0.46 Gm.); brains, 1.6 - 1.8 Gm.(l .64 Gm.). The

values are expressed in per cent of the dose per ml or gram tissue or in

the whole tissue. No data for thyroid or urine were collected.

••!?

• t
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Organs 5 minutes

% dose/Gm

131,

Plasma

Liver

Kidneys

Spleen

Small intestine

Stomach

0.27

8.00

0.75

0.34

0.07

0.12*

2 0 3Hg

1.33

8.46

2.47

1.68

0.45

0.35*

45 minutes

% dose/Gm

131,

0.68

1.13

0.75

0.29

0.95

11.74*

203Hg

0.99

5.03

4.92

1.82

0.81

8.35*

ini 203

Table 8.2. : Tissue distribution of land Hg after intravenous

infection of double-labelled asiaio-orosomucoid

into the rat.

* these values represent the total organ including

its contents.

This showed a rather uniform distribution as can be seep in Fig. 4 .4 . for the distribu-
125

Hon of l-asialo-orosomucoid. Both these distributions are in striking contrast to
197

those found after injection of a mixture of two colloids v iz. SbS and HgS. The
inhomogeneous distribution is in agreement with the well known fact that colloids are

203
taken up by the Kupffer cells. It must be concluded therefore that Hg labelled

131
asiaio-orosomucoid is also metabolized by the hepatocytes as is I labelled compound

8.6. DISCUSSION

The two attempts to find a labelled form of asiaio-orosomucoid, of which the Sabel

would be excreted via the bile tree, have been unsuccesful.

However, the experiments described in this chapter have raised a number of intriguing

questions about the metabolism of labels bound to a protein.

r ;
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Fig. 8.3.

upper pictures Autoradiogram of a section (7(i) of a rat liver taken 5 minutes
203

after injection of 0,1 mg (4n Ci) Hg-asialo-orosomucoid.

Film: K5 dipping film (I I ford); exposure: 6 weeks at 4 C;

Development D.19 (Kodak) developed at 18° C.

Staining: hematoxylm-eosin; magnification x 1000-

left side; dark field illumination: bright spots are silver grains,

right side: normally illuminated : dark spots are silver grains.

A homogeneous distribution of the radioactivity exists through

the whole section.

lower pictures Autoradiogram of a section (5 | i ) of a rat liver taken 5 minutes
v 197

after injection of colloidal SbS and 50 |iCi HgS colloid.

Film: K5 dipping film (llford); exposure: 2 weeks 4 C;

staining: hematoxylin-eosin; magnification: x 800 .

left side: dark field illumination: bright spots are silver grains.

right side: normally illuminated: dark spots are silver grains.

An inhomogeneous distribution of the radioactivity in this section

can be seen. Clusters of radioactivity superimposed on the SbS

colloid (yellow-orange color) exists and are situated over the

Kuppfer cells.
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IX 123, -ASIALO-OROSOMUCOID STUDIES IN CONTROLS AND PATIENTS

9 . 1 . INTRODUCTION

op ?m
After the animal experiments with 'Tc-asialo-orosomucoid and Hg-asialo-
orosomucoid only the second approach mentioned in chapter 7 namely making use of
123. . ,

I remained.

No extra animal experiments were necessary because the whole procedure of

labelling is similar to that described in 3.5. and ir is to be expected that the tissue-

distribution in the rat is identical to that summarized in Table 4 .2 .

9.2. MATERIAL AND METHODS

123

The whole sequence of the study of l-asialo-orosomucoid is similar to that as des-

cribed in 7 . 1 . except that treatment with Solutio Lugoli Forte is not necessary.

9.3. CONTROL STUDIES

For the control studies l l persons were investigated; 5 males and 6 females ranging in

age from 21 to 42 years and23 to 73 years, respectively. Two of these eleven persons

were healthy volunteers while the others were admitted to the hospital for reasons other

than liverdisease (Table 10,1.) . In all cases the liverfunction tests were normal. Of
99m

four patients a Tc-colloid scan was available, which showed no abnormalities.

The curves in this control group showed a remarkable similarity in all cases.

Comparing these curves with those obtained from human controls investigated with
131

i-asialo-orosomucoid no significant differences were found. The curves obtained
123 123

with I appear "smoothed". This is due to thy high countrate in the I study,
resulting in good statistics.
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9.4. PATIENT STUDIES

In total again nineteen patients with liverdisease were investigated; ten males and

nine females, both groups in the age of twenty-six to seventy-nine years. These

patients were ordered into four groups according to their clinical diagnosis (Table 9.1.) .

'. '!-J

h

Cirrhosis

Systemic disease
affecting the liver

Hepatitis

Bile duct obstruction

male

4

5

0

1

female

0

0

6

3

Table 9 . 1 . : Groups of patients

The curves obtained from these patients groups were similar to those described in

chapter 7.

Again the uptake was in general the same as that obtained from the control curves.

Mostly a small deviation from the control curves existed in the plateau and release

part. Those patients (c, h and b) with severe liverdisease showed this phenomenon but

two of them had a slower uptake (c, and h) (Fig. 9.1.) .

9.5. DISCUSSION

193
As was to be expected visual examination showed that the curves obtained from I-
asialo-orosomucoid studies did not differ much between each other. The difference

131 123
between the I and I studies Is due to a difference in statistics.

123
However the high countrate in the l-studies enables us to try to analyse the curves

and to find a correlation between the different patient groups. For this reason a

compartmental system was developed which will be discussed in the next chapter.
123

A second advantage of the high eountrates of I is a possible improvement of the

detection of regional defects in the liverfunction by means of functional imcging.
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This last technique together with some examples wil l be described in chapter eleven.
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Fig. 9 . 1 . : Time-activity curves: three normal (n)

and three abnormal.

c = cirrhosis

h = hepatitis

b = bile duct obstruction

Where two or more points coicide a (:)

was plotted.



X A MATHEMATICAL MODEL FOR ASIALO-OROSOMUCOID, SIMULATION

STUDIES AND ANALYSIS OF PATIENT CURVES

10.1. INTRODUCTION

In the previous chapters curves obtained from control persons (Fig. 7.1.) and a group

of patients with liverdisease (Fig. 9.1..) were described. With visual examination,only

small differences between the controls and the patients are noticed. It was felt that a

better understanding and description of the physiological behavior of asialo-orosomucoid

might lead to a better insight into the measuring of the three parts of these curves and

to a method of analysis. Therefore an attempt was made to construct a mathematical

model for simulation of abnormal and normal curves.

10.2. PHYSIOLOGICAL BEHAVIOR OF ASIALO-OROSOMUCOID

123
After intravenous injection of l-asialo-orosomucoid the glycoprotein is taken up

in the liver by pinocytosis and Is catobolized in the parenchymal livercells as has

already been mentioned in chapter 1.6.

After catabolism in the lysosomes the label is released back into the bloodstream
123

and the l-iodide is rapidly taken up by different organs. This biochemical pathway

of asialo-orosomucoid can be shown in a diagrammatic representation of a hepatocyte

(Fig. 10.1.).

Primary lysosome

Pinocytosis

Bloodstream

Golgi app.
Secondary
• l ysosome

Residual body

Bloodstream

Fig. 10.1. Intracellular breakdown of asialo-orosomucoid (see text)
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10.3. COMPARTMENTAL SYSTEM

123

The several biological steps in the kinetics of l-asialo-orosomucoid are schemati-

cally shown in Fig. 10.2.

Fig. 10.2. Biological pathway of asialo-orosomucoid through
the livercell: Multi-compartment system

123
A = intravascular compartment of l-asialo-orosomucoid

B = delay-time of (pseudo) compartment characterized by

by f . (t) = f. (t- T )
' out in

123,
C = livercell compartment

D = intravascular compartment of """l- iodide
123

E = extravascular compartment of l-asialo-orosomucoid

m 1 ' m ? = m ' x ' n 9 ° ' radioactive material within the

circulation.

k]= rate constant of the uptake of l-asialo-orosomucoid

into the hepatocytes by pinocytosis.
123

X = delay-time for the catabolism of l-asialo-orosomucoid.
123

"kn= rate constant of the release of l-iodide from the

hepatocyte into the bloodstream.

The shaded area In Fig. 10.2. represents the radioactivity in view of the gammacamera

covered by the region of interest over the liver. The shaded parts of compartments A
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and D depict the radioactivity in the bloodpool of the liver.

It is worthwhile to make an attempt to simplify this model for reasons of mathema-

tical analysis of the time-activity curve of the liver. After intravenous bolus injection

the initial rise of the curve is distorted by circulation and recirculation. The mixing

of the radioactivity in the vascular bed proves to be very rapid. Visualization of the

very first part of a number of curves, for this special situation sampled with high tempo-

ral resolution, did not show significant distortions. Therefore compartment A can be

regarded as immediately containing radioactivity in equilibrium.
123

The contribution of the radioactivity in the bloodpool of the liver ( l-asialo-
123

orosomucoid and l-iodide, shaded areas in compartments A and D, respectively)

is negligibly low as can be observed from Table 4 .2 . Theoretically an extravascular

compartment or even uptake in organs is a possibility (Compartment E in Fig. 10.2.)

but as was shown previously in Table 4 . 2 . , only a very small amount of radioactive
131 -

asialo-orosomucoid can escape from liver uptake. The released I is rapidly taken
up by the thyroid and stomach and excreted by the kidney so that the bloodpool con tri -

123 -
bution of I remains low.

"Compartment" B is not strictly a compartment in the sense of tracer-kinetics. This

pseudo-compartment is characterized by the fact that its output at a certain time t

equals its input at time t minus the delaytime x . Its output enters directly into compart-

ment C. All these considerations lead to a model which is considerably easier to analyse

mathematically (Fig. 10.3.).

_
X

1 V ^

Fig. 10.3. Simplified model for I-asialo-orosomucoid kinetics.
i " 1 'x. y and z are turnover rates ( jiCi.min" )
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The contents of compartments A , B and C are A(t), B(t) and C(t) as a function of time.

In the region of interest over the liver, an amount of radioactivity.

Q(t) = B(t) + C(t) 10.3 .1 .

is measured, also as a function of time.

One shouid consider separately the conditions o < t<x and t>T , since a discontinuity

in Q(t) wi l l occur once the first amount of radioactivity enters C at t=T .

Condition o< t<T . The decrease of radioactive material in A can simply be described

as a first-order process:

and therefore:

dA(t) _ x ,
dt 1

A(r)=A(o)e~ V

10.3.2.

10.3.3.

if the initial amount in A is denoted as A (o).

Since during t< T no tracer can leave pseudo-compartment B:

and:

B(t)=A(o)-A(t)=A(o)

C(t)=o

f1'1)

so that the measured amount is described by:

Q(t)=A(o).(l-e"V)

10.3.4.

10.3.5.

10.3.6.

Condition t ^ t . The contents of A is still described by 10.3.3. The amount of tracer

in B is increased by a turnover x(t) from A and at the same time decreases by its

turnover y(t) to C.

V,A(o)e" N f 10.3.7.
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Ths formulation of a "delay-time compartment" Is:

f (t) = f. (t- T )
out inv '

10.3.8.

So that:

Now:

y ( t )= x ( t - t )= * A(o)e' V f " T ) 10.3.9.

10.3.10.

After integration of 10.3.10. and substitution of the boundary-value of B(t) for t = t ,

it is found:

B(t) =.

Tne rare of change in C is:

10.3.11,

10.3.12.

z(t) is simply determined by the first-order process by which radioactive material

leaves compartment C:

10.3.13.

After substitution of 10.3.7. and 10.3.13. into 10.3.12.:

10.3.14.

This differential equation can be solved by partial integration, which results into:

10.3.15.
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In which K Is an integration constant that can be found by the condition C(t) = o for

t = T . This results into:

( t " T )

- e 10.3.16.

So, after substitution of 10.3.16. and 10.3.11. in 10 .3 .1 . , the amount of radio-

activity in the liver is for t j t described by:

Q(0=A(o). - e 10.3.17.

Notice that 10.3.17. is valid for any t if one replaces (t- T ) by a function g(t):

g(t)<j:".v ; r . : ' : 10.3.is.
( = t - t for t > t
1=0 for U T

Apparently, this formulation of the compartmental system is ideally suited for

iteratively least squares analysis of curves obtained from patient studies, in order to

calculate parameters X , , X« and T , which are possibly of physiological and clinical

value.

10.4. SIMULATION STUDIES

In order to test equation 10.3.17 simulation studies were performed, in which the

three parameters were changed one at a time, and the results were compared with

the original curves. Using a control curve as starting point, a curve was fitted which

was used for the simulation curves (Fig. 10.4).

In the first instance the parameterX. was divided or multiplied by a factor 2 and the

two resulting curves were plotted (Fig. 10.5.). In the case of a higher rateconstant

("k,= .6620, curve > ), the maximum is reached earlier and the plateau is lengthened,

but the release of the radioactivity from the liver is not changed much. On the other
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hand, in the case of a slower uptake (ky= -1655, curve<) the maximum is reached

much later and the length of the plateau is much shorter, but again the release of

the radioactivity is nearly unchanged.

Changing T results in a drastically changed curve (Fig. 10.6.)- The uptake is

the same in all curves of course, but both the length of the plateau and the down-

slope of the curves are changed.

Thirdly, the parameter )u was changed by a factor 2 and .5 , resulting in a

curve (> ) with ^ = • 0 6 5 0 a n d c u r v e « ) w i f n ^ 2 = - 0 l 6 5 (f ig.10.7.). In these

curves the ups lopes and plateau lengths were the same as in the original curve, but the

downslopes varied considerably.

From the results of these simulations one can see that a change- of the uptake is

not reflected in the time of ending of the plateau, nor in the downslope. However,

increasing T does not reflect the time of ending of the plateau only, but also the

downslope of the curve.

Changing all three parameters and varying the combinations of these changes

results in curves which are clearly different from each other (Fig. 10.8.).

53
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10.5. ANALYSIS OF PATIENT TIME-ACTIVITY CURVES

The simulation studies showed that the mathematical model is suitable for fitting

curves from controls and patients.

To avoid the need of a rather time consuming computer program, an attempt was

made to find different parameters and to use these for differential diagnosis.

The release of radioactivity from the liver can be described by a mono-exp' '«jnfial

model and measuring its rateconstant (X) is simple. Using this rateconstant one can

fi t a downslope in the original curve and the plateau can be'measured. It was already

shown in chapters seven and nine that the upslope of the curves only deviates from the

controls in case of severe disease. So if one regards the upslope of ail curves to be

equal, the time between the beginning of the study and the end of the plateau gives

an impression of the intracellular delay-time. These two parameters viz.rateconstan1-

X and delay-time were calculated in all curves obtained from the normal persons and

patients described in chapter nine. The parameters, together with their clinical

diagnosis, biochemistry and other additional information are summarized in the following

tables (10.1. through 10.5.).
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No

1

2

3

4

5

6

7

8

9

10

11

S

M

F

M

M

F

F

F

M

F

F

M

Age

37

30

26

21

73

54

71

34

46

23

42

Diagnosis

control

control

proctocolitis

seminoma

rectal carcinoma?

lower abd. pain

upper abd. pain

upper abd. pain

pyodermia-
septicemia

stenosing
oesophagi tis

duodenal ulcer
pancreatitis?

Liver function tests

normal

normal

normal

normal

normal

normal

normal

normal

normal

normal

normal

Colloid scan

-

-

-

normal

normal

normal

normal

-

-

-

-

Asialo-orosomucoid
X SD delay

. ~ time
X10 X10 min.

0.40

0.44

0.47

0.3Ó

0.31

0.29

0.23

0.29

Ö.34

0.38

0.31

0.82

0.48

0.42

0.66

0.41

0.68

0.30

0.60

0.46

0.80

0.51

30

28

26

28

28

32

32

30

30

—

XRay
Histology

-

-

-

-

-

-

-

-

—

Table 10.1 . Normal patient group.

S = sex; M = male; F = female

X = rateconsfant of downslope; SD = standard deviation of X / both dimension min

Delay time = time between beginning of the study and beginning of the downslope
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No S Age Diagnosis Liver function tests Colloid scan
OT PT AF LDH -yGT Bi l .

Asialo-orosomucoid X Ray
A SD delay Histology

I 3 time
XI 0~ XlO~ min.

12 M 51

13 M 79

14 M 39

15 M 50

coma hepaficum ft ft ft t t ft t t t
ale. cirrhosis

ale. cirrhosis + n n n n 1 n
decomp. cordis

I I n n T nale. cirrhosis

ale. cirrhosis + H ! I n t n

Table 10.2. Patients with cirrhosis

S = sex; M = male; F = female;

OT = serum glutamic oxalaceffc transaminase

PT = serum glutamic pyruvic transaminase

AF = alkaline phosphctase

LDH = lactic dehydrogenase

GT = gamma glutamyl transpeptidase

Bil = bilirubin

X, SD and delay time see Table 10 .1 .

hepatosplenomegaly 0.21 0.71 34
spleen uptake f j

0.32 0.76 28

0.37 0.56 28

hepatosplenomegaly 0.09 0.81 36
spleen uptake f

histology:
cirrhosis



No S Age Diagnosis Liver function tests Colloid scan
OTPT AF LDH yGT Bil.

Asialo-orosomucoid X Ray .
\ SD delay Histology

] 3 time
XlO" XJO~ min.

16 M 61 hepatoma ft ft ft I I I

17 M 36 panmyelopathy n n n n n n
longca + meta's

18 M 41 Hairy cell
leucemia + , ,
bilat. pleuritis + i +T n n n n

19 M 61 hepatoma ft ft ft t it ft

20 M 26' melanoma;hepa- T I TT I I T
tomegaly

inhomogeneous
liver uptake , 0.19 0.17 36
spleen uptake! .
sceletal uptake!

hepatosplenomegaly 0.29 0.44 26
defect r.liver lobe

hepatosplenomegaly 0.42 0.36 26
spleen uptake | |

hepatosplsnomegaly 0.26 0.61 30
spleen uptake||
skeletal uptake |

hepatomegaly 0.24 0.82 28
inhomogen. uptake

Table 10.3. Patients with tumors in the liver or systemic disease affecting the liver

Abbreviations: see Table 10.1. and 10.2.

afeto protein
positive

X ray gal l-
bladder
normal



No S Age Diagnosis Liver function tests
OTPTAF LDHYGTBM,

Colloid scan

liver enlarged
homog. uptake

liver enlarged
central defect
(gallbladder)

L.liver lobe enlarged
spleen uptake 4

-

defect R liver lobe

normal

Asialo-orosomucoid
X SD delay

, „ time
X10 XIO min.

0.28

0.24

0.21

0.31

0.27

0.36

0.35

0.54

0.49

0.55

0.45

0.62

-

32

30

30

32

28

X Ray
Histology

X Ray
stomoch-
gall bladder
normal

X Ray
stomach
gallbladder
normal

histology:
hepatitis

—

X Ray
gallbladder
normal

X Ray
gallbladder
normal
Histology
liver normal

21

22

F 52 chron. hepatitis f f ff f f f

F 78 hepatitis-
jaundice

t t ft t t

23 F 76 chron. active +t +t t n +t n
hepatitis

24 F 55 hepatitis- +n +n T n IT n
cholangitis?

25 F 26 viral hepatitis n n +n n +n n
hepatic angioma

26 F 36 recurrent liver +T +1 n n +T n
funtion abnorm.
after cholecystec-
tomy. hepatitis

Table 10.4. Patients with hepatitis

Abbreviations: see Table 10.1. and 10.2.
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No S Age Diagnosis Liver funtion tests Colloid scan
OT PT AF LDH yCl Bil.

Asialo-orosomucoid
X SD delay

_3_1
xlO xlO

time
min.

X Ray
Histology

27 F 32 chron. pancreatitis I t n n t n liver enlarged 0.36 0.22 24
pseudocyst. A bomogen. uptake

28 M 62 pancreatic ca.? t ! l i t n IT I liver enlarged 0.30 0.63 30
jaundice inhomog. uptake

29 F 49 papillary n n f n \ n - 0.38 0.52 28
obstruction
transient jaundice

30 F 79 biliary obstruction n n | n I I - 0.37 0.58
transient jaundice

displaced
stomach,
amylasejl

Table 10.5. Patients with biliary obstruction

Abbreviations: see table 10.1. and 10.2.
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The groups of patients are too small for extensive statistical analysis. (Table 10.6.).

Normal

Hepatitis

Biliary obstruction

Cirrhosis

Tumors in liver and
systemic diseases
affecting the liver

X

.35

.28

.35

.25

.28

s

.07

.05

.04

.12

.09

n

11

6

4

4

5

delay
time

29.3

30.4

27.3

31.5

29.2

s

2.0

1.7

3.1

4.1

4.2

n

9

5

3

4

5

Table 10.6.: Summary of the averages and standard deviations of

and values from Table 10.1. through 10.5.

One can see that there is only a small variation in the delay-time in the normal group.

However, the variations in the downslope are quite large in this group. Comparison

of this normal group with the patient groups showed that all the delay-times are within

the range of the normal group.

The downslope rateconstants are in general decreased in cases of abnormal biochemical

liver function tests. In the other cases the rateconstants reach the normal values.

Results of the analysis of the downslopes and delay-times are in agreement with the

results of the visual examination of the curves. Only large defects give rise to an ab-

normal curve because small defects are obscured by the buik of normal liver tissue.

So constructing time-activity curves from regions of interests drawn over whole livers

gives only information of the function of the liver in cases of severe disorders involving

the total liver. Making use of functional imaging it i : possible to gather knowledge of

regional functioning of the liver. This will be described in the next chapter.

Although the two parameters mentioned above do not give real additional informa-

tion about the function of the liver one can make a correlation behween these two

(Fig. 10.6.). This shows a regression coefficient of .76, which means that there is a

correlation between the delay-time and the downslope. This is in agreement with the

simulation studies (see Fig. 10.6.).
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XI FUNCTIONAL IMAGING OF I-ASIALO-OROSOMUCOID STUDIES

11.1. FUNCTIONAL IMAGING

A functional Image is an image of the spatial distribution of a functional parameter.
This is in contrast to a static scintigraphic image, which represents the spatial

distribution of the radioactive materials.

A functional image is constructed from data obtained in a dynamic study. This set of

aata can be arranged as a three-dimensional structure of "pixels" (picture elements),

with dimensions x and y, the spatial coordinates of any image, and t for the time-axis,

in the direction perpendicular to the images. Each pixel, with coordinates (x, y, t)

contains the number of counts that were measured at position (x, y) in the camera field

of view, at time t, and during a time-interval A t (sample time At) .

Apart from regarding the structure as being a sequance of digital images ("frames") one

can also consider i t as a set of parallel time-series, or time-activity curves. From each

of these "pixel-curves" a functional parameter can be calculated. The values of the

parameter for each curve can be stored at the corresponding pixel in a x-y matrix and

thus displayed as a functional image. For each different parameter that can be calcu-

lated from a curve, one functional image can be made.
123

Typical parameters that can be analyzed from l-asialo-orosomucoid curves are
1 O'i

(see chapter 10) "k, (the uptake rate of l-asialo-orosomucoid from the blood by the

liver cells), T (the time needed for the catabolization by the lysosomes), and X 9

123 -
(the rate of disappearance of I from the liver cells). This means that principally

three functional images can be constructed from one patient study.
123

A preprocessed l-asialo-orosomucoid study is in our Institute stored in the mass-

storage memory of the computer as a series of 25 "frames", while each frame consists

of a matrix of 64 x 64 =4096 pixels. Thinking in terms of time-activity curves, the study

can be considered as encompassing 4096 time-activity curves of 25 elements each. This

means thai per study for the construction of three functional images 4096 times an

iterative least squares analysis must be performed, which is for practical purposes too
123

time consuming. Thorough observation of l-asialo-orosomucoid curves obtained
using a region of interest over the whole liver shows that the upslope and downslope
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parts of a typical curve appear to be nearly linear during the time of the study.

Taking signal-to-noise ratios into account one can expect that in these parts of separate

pixel-curves and during the limited time of the study no difference can be seen between

a linear or an exponential curve, which latter process one would expect.
121

Therefore only upslope and downslope functional images were generated for all 1-

asialo-orosomucoid studies, such in an attempt to visualize the spatial distribution of

parameters X., and X,« over the liver.

The algorithm applied is called FUIM, and has already for some years been in use in
133

our Institute for the construction of cerebral and renal blood flow images from Xenon

wash-out studies. The program is able ro do a non-iterative linear least-squares

analysis of 4096 curves of 20 points each in 1.5 seconds. The images produced by

FUIM are very noisy and are therefore low-pass filtered. The filter algorithm used-

called PFFR - is based on least-squares fitting of two-dimensional third-order normal

polynomial' to overlapping segments of the image and linking of all fitted surfaces.

The modulation transfer function of the filter is adjustable, and is for each study

chosen so as to refect as much noise as possible without distorting the smallest

structure of interest in the image. The format of storage of thus constructed

functional images is such,that they can be manipulated and displayed in the same

way as static digitized scintigrams.

11.2. PATIENT STUDIES

A few studies, one of each patient group and a control, wil l be shown. The material

consisted of the same data used for constructing the curves of Fig. 9 . 1 . (see also

Table 10 .1 . - 10.5.). The pictures obtained by the functional imaging technique were

plotted on a Versatec plotter instead of making polaroid photos from the oscilloscope

of the computer. Each study comprises of two pictures. The first is a display of the

rate of uptake (Ï.) of the radioactivity into the liver. The black areas represent the

areas with the highest rateconstant.

This applies also to the second picture, the downslope image, where a higher rate-

constant, and therefore a faster release of the radioactivity, shows up as a darker

area. Al l pictures were printed in the same way and under the same conditions.
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So they can be compared among themselves.

Case no. 2. Control.

Healthy control female; 30 years without any signs of illness and with

normal liver function tests. The functional images (Fig. 11.1 .A and B)

show a homogeneous distribution of rate constants, both in the upslope and

downslope image.

M?1'

B

/ > » • ?

Fig. 11.1 .A and B: FuncHonal Images of control no. 2.

Picture A: upslope image. Picture B: downslope image (X = .44).
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Case no. 12: Cirrhosis.

Patient (male; 51 years) with the diagnosis coma hepaticum and alcoholic

cirrhosis. All the liver function tests were abnormal. The colloid scan

showed a hepatosplenomegaly with an increased splenic uptake. The

functional images shows a uniformly decreased uptake rate and a slower

release of the radioactivity.

••.'•>''.'••'•>•>

My:--

B

Fig. 11.2. A and B: Functional images of cirrhosis patient (no. 12).

Picture A: upslope image. B: downslope image ( *= .21)
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Case no. 19 and no. 16: tumor in the liver

Patient (male; 61 year) with the diagnosis heparoma. All

iiver function tests were abnormal. The colloid scan showed

an inhomogeneous uptake of the radioactivity with increased

uptake in the spleen and skeleton.

B

Fig. 11.3. A and B: Functional images of patient with hepatoma (first study) (no. 19.)

Picture A: upslope image. B: downslope image ( * = .26).
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Two months after the first study the investigation was repeated. At this time the uptake

of the radioactivity was much slower in most of the liver. The same was true for the

release of the radioactivity. Remarkable is that in the centre of the liver the distribu-

tion of the rates is qualitatively dissimilar for the uptake and release.

Fig. 11.3. C and D: Functional image of patient with hepafoma (second study) (no. 16).

Picture C: upslope image. D: downslope image ( X= .19).
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Cose no. 23: Hepatitis.

Patient (female; 76 years) with chronic active hepatitis and moderately

disturbed liver function tests. The colloid scan showed an enlarged left

liver lobe and an increased uptake of colloid in the spleen. The diagnosis

was confirmed by histology. Both the images show a homogeneous (but

slower) uptake and release of radioactivity.

J . : : - • • •

B

Fig. 11.4. A and B: Funcfional images of patient with hepatitis (no. 23).

Picture A: upslope image. B: downslope image (X = .21).
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Case no. 29: Bile obstruction.

Patient (male; 62 year) with suspected pancreatic malignancy and

jaundice. Most liver function tests were abnormal. The colloid scan

showed an enlarged liver with an inhomogeneous uptake. The functional

image showed a very slow uptake and release in the left lobe correspond Ing

to the defect seen in the static colloid scan. Metastasis?. Part of the liver

(right lobe) is functioning wel l .

A

B

Fig. I I ,5.A and B: Functional images of patient suspected of pancreatic carcinoma

and jaundice. Picture A: upslope image. B: downslope image (X = .30).
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11.3. DISCUSSION

The previous examples, which are typical for the various groups of patients, indicate

the possibilities of the functional imaging technique. Yet, much more data should be

accumulated before the interpretation can be used clinically. 3ut now already the first

results show regional defects and one can imagine that the method could yield the

percentage of the liver that is still functioning.

In a number of cases, the uptake and release were not impaired parallel. The

question, whether this reflects differences on a cellular level, due to various degrees

of impairment of pinocytosis, catabolism and release of the label, can not yet be

answered.

in case of hepatitis (see e.g . case no. 23) the overall function of the liver was

impaired, as shown by the slow rate of release of the radioactivity. On the other hand,

the functional images (Fig. 11.4. A and B) show homogeneous pictures. The combina-

tion of these two observations is in agreement with ths knowledge that all cells are

equally affected in this disease, which means that no normal functioning cells are

available for handling the pharmacon.
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SUMMARY AND CONCLUSIONS

It was shown in the first chapters that purified and modified orosomucoid is rapidly

taken up by the liver. Auforadiography and comparison with an autoradiogram of

radioactive colloids proved that the radiopharmacon was taken up by the parenchyma!

cells, although uptake by the Kupffer cells could not be excluded.
131

For the animal experiments ïhe pharmacon was labelled with I. The distribution

of the radioactivity was determined in samples of tissues after decapitation of the rats.

After intravenous infection of the radioactive asialo-orosomucoid into rats the radio-

pharmacon is rapidly taken up by the liver, catabolized and after breakdown the
131

I is released back into lhe bloodstream and taken up into thyroid and stomach.

A small part of the radioactivity is excreted via the urine. Only a small amount of

radioactivity is excreted into the bi le.

These experiments were repeated in vivo making use of a gammacamera and computer

on-iine. In these in vivo studies factors, which influence the metabolism of the liver

like anesthetics and hepatomas, were shown vo change the shape of the time-activity

curves.

After these promising results the method of preparation of the pharmacon was changed
in order to meet the requirements for human use; e.g. the neuraminidase (Vibrio Cholerae)

131

was removed. The pharmacon, still labelled with v I, was tested in a group of

patients and controls. The curves obtained were similar to the curves from rats although

in humans the maximum is reached somewhat later. However, the human curves

were not very much altered in cases of liver disease. An explanation can be found

in the small dose per gram liver; the large number of well functioning livercells

still provides a sufficient capacity for taking up the pharmacon. Therefore changes

in shape of the curves can only be seen in cases of severe liver disease affecting

all livercells or an impairment of thfi bloodsupply.

This disappointment together with the poor quality of the images and statistically

"noisy" time-activity curves made us search into a method of labelling which

would give better information or even a radiopharmacon which is released via the

bile tree. Two methods were developed viz. labelling the pharmacon with Tc
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203
and Hg. Tissuo distribution studies in the rat showed that both radiopharmaceuticols

were taken up rapidly by the liver. The release of the radioactivity however was too

slow to be of practical use, although the radiopharmacon was taken up by the paren-

chymal cells as was shown by autoradiography.

These observations on the metabolism of metals, introduced into the liver in this

rather uncommon chemical form give rise to questions about metal metabolism outside

the scope of this thesis and will be investigated in a separate study.
99m

During the development of the labelling method the Tc-pyridoxilidene-glutamate

was introduced by Baker (1975). This pharmacon the label of which appears into

the bile is a promising agent. Therefore no further attempts were made to find a

label for asialo-orosomucoid which is released into the bile after breakdown of the
123

glycoprotein. In the last year I became commercially available.

The physical characteristics of this radionuclide are more appropriate for dynamic

in vivo studies.

A mathematical model was developed. This model assumes three steps v iz. an

uptake, a delay-time due to catabdism, and rel ease,and was used for computer

simulation studies.

The parameters, delay-time and release of the radioactivity from the liver, proved
131

to give l i t t le information and can be compared to those obtained from the I curves.

However making a functional image -which is merely displaying 4096 time-activity

curves- gives information about the regional functioning of the liver. This technique

was tested in a small group of controls and patients. In the upslope and downslope

images one can discern the areas of normal uptake and normal release as well as

the areas where the hepatocytes do not function normally. It was also shown that

both the uptake and the release do not always vary dependendly.

Conclusions:

1 . The liver curve obtained from radioactive asialo-orosomucoid studies does not

yield enough information, although a correlation exists between delay-time

and release rate constant.

2 . The functional images show regional defects in which areas with abnormal uptake

and abnormal release are not always superimposable.
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3. Functional images appear to present useful clinical information.

4. Enough data are not yet available for clinical interpretation of all the information

displayed in the functional images.

5. Orosomuco'd would have preference over other available radiopharmaceuticals

for liver function studies, because the material is a natural non-toxic product.

11 ">
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SAMENVATTING EN CONCLUSIES

Gezuiverd en gemodificeerd orosomucoid wordt na intraveneuze injectie zeer snel

jor de lever weggevangen. Met behulp van outoradiografie kon worden aangetoond

dat het gemodificeerde glycoproteine was opgenomen in de parenchymale cellen,

hoewel niet kon worde.', uitgesloten, dat een deel van het eiwit eveneens aanwezig

was in de Kuppfer cellen.

Voor het gebruik bij dierenexperimenten werd het asialo-orojomucoid gelabeld met

131
I. De verdeling van de activiteit werd bepaald in een aantal weefsels van

ratten, die verkregen waren op verschillende tijdstippen na intraveneuze injectie
131 131

met 1-asialo-orosomucoid of I-orosomucoid. Hierbij bleek dat het gemodifi-

ceerde eiwit zeer snel werd opgenomen in de lever en aldaar gekataboliseerd werd.

Het radionuclide kwam daarna weer vrij en werd weer afgegeven aan bload.
131

Het I werd tenslotte geaccumuleerd in de schildklier en maag. Slechts een geringe

hoeveelheid radioactiviteit werd uitgescheiden via de nieren, terwijl de gal slechts

een geringe rol speelde in de afvoer van de label.

Deze proefnemingen werden in vivo herhaald, waarbij gebruik werd gemaakt van

een gnmma-camera en computer on-line. De vorm van de tijd-activiteits curven

van de lever was hetzelfde als die van de in vitro studies, maar deze vorm werd

duidelijk beïnvloed door varschil lende factoren, zoals verdovende middelen en

hepatomen.

Na deze veelbelovende resultaten werd de bereiding van het radiopharmacon ver-

anderd, zodat bijvoorbeeld het enzym (neuraminidase) niet meer in het preparaat

aanwezig was en het uiteindelijke preparaat werd getest op geschiktheid voor

humaan gebruik.
131

Het l-asialo-orosomucoid werd daarna getest in een aantal proefpersonen en

patiënten. De verkregen tijd-activiteits curven waren gelijk aan die van de ratten,

hoewel bij mensen het maximum van de curve later wordt bereikt.

Bij vergelijking van de controle curven met de curven van patiënten bleken er geen

grote verschillen aanwezig te z i jn . Mogelijk is dit het gevolg van de geringe hoe-

veelheid eiwit wat intraveneus wordt ingespoten, waarbij de grote hoeveelheid nog

goed functionerende levercellen in staat is het pharmacon snel weg te vangen.
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Mede,daardoor zullen alleen veranderingen in de curven gezien worden in gevallen

van een verminderde doorbloeding of een algehele aantasting van de levercellen.

Deze teleurstelling, gevoegd bij de slechte kwaliteit van de beelden en tijd-activiteits

curven met veel ruis, deed ons besluiten om ie zoeken naar labels, die een betere

informatie zouden geven of via de galwegen werden uitgescheiden. De keuze viel in
99m 903

eerste instantie o'j Te en Hg. De weefseldistributie in de rat toonde ons, dat

beide radiopharmacu snel door do lever werden opgenomen, maar slechts langzaam

werden uitgescheiden. De radio-activiteit werd wel door de hepatocyten opgenomen,

zoals met autoradiografie kon worden aangetoond. Deze observaties van het meta-

bolisme van metalen, waarbij deze metalen in een ongebruikelijke chemische vorm

in de lever worden gebracht, doen vragen ri jzen, die echter buiten het kader van

dit proefschrift vallen en dan ook onderzocht zullen worden in een andere studie.
99m ?03

Tijdens de ontwikkeling van de labelling van Teen ' Hg can asialo-orosomucoid

introduceerde Baker (1975) het Tc-pyridoxllideen-glufamaat. Dit pharmacon

wordt zeer snel via de lever in de gal uitgescheiden en is dan ook veelbelovend.

Daardoor zijn er geen verdere onderzoekingen verricht naar het labellen van asialo-

orosomucoid met andere radionuel iden.
123

Afgelopen jaar kwam het I commercieel beschikbaar.

Dit radionuel'ide heeft gunstige fysische eigenschappen voor dynamisch in vivo

onderzoek.

Een mathematisch model werd ontwikkeld, waarbij drie stappen werden aangenomen,

namelijk: een opname fase, een vertragingstijd intracellulair ten gevolge van het

katabolisrne en ten derde een uitscheidingsfase. Dit model werd gebruikt voor simulatie

studies.

De parameters, vertragingstijd en afgifte van de radio-activiteit van de lever gaf
131

weinig informatie en kan vergeleken worden met de informatie van de l-curven.

Maakt men echter een functioneel beeld, waarbij 4096 tijdactiviteit curven visueel

gepresenteerd worden, dan verkrijgt men informatie over regionale functie van de

lever. Deze techniek werd getest in een kleine groep patiënten en in normalen.

Per studie werden twee beelden gemjakt; een beeld gaf de opnamesnelheid van het
123

pharmacon weer, terwijl het andere beeld de afgifte van I vanuit de lever liet zien.
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In deze beelden kon men makkelijk een onderscheid maken tussen normaal en

abnormaal functionerende delen van de lever. Ook aantoonbaar was het feit , dat

deze twee processen, opname en afgifte, onafhankelijk konden variëren.

Conclusies:

1. De curve van de lever, verkregen na intraveneuze injectie van radio-actief

asialo-orosomucoid, bevat onvoldoende informatie, hoewel er wel een correlatie

bestaat tussen vertragingstijd en afgiftesnelheid.

2. Functionele beelden vertonen regionale defecten, waarbij gebieden met een

abnormale opname en abnormale afgifte niet alti jd dezelfde zifn.

3. Functionele beelden lijken nuttige klinische informatie te bevatten.

4 . Onvoldoende gegevens zijn op het ogenblik aanwezig om een goede klinische

interpretatie te kunnen geven van alle informatie, die in de functionele beelden

weergegeven worden.

5. Orosomucoid verdient de voorkeur boven andere radiopharmaca voor leverfunctie

onderzoeken, omdat het materiaal een natuurlijk, niet toxisch product Is .
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