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Abstract—The pharmacokinetics and catabolism of ricin A chain, a mouse monocional antibody (LICR-
LOND-Fib 75) and a disulphide linked conjugate of the two have been studied following their intravenous
administration to normal rats. Results indicate that the conjugate was removed from the circulation
much more rapidly than the antibody but less quickly than the free ricin A chain. Disappearance of the
conjugate from the circulation appeared to be biphasic with an early rapid initial phase followed by a
much slower phase. The fate of a conjugate with a *I jodide label in the antibody component was
compared with that of a conjugate similarly labelled but in the ricin A chain component. The resuits
indicate that breakdown of the conjugate involves both cleavage of the disulphide linkage and complete
catabolism of the whole conjugate molecule with the release of I iodide. Rapid cleavage of the
disulphide bond in the vasculature does not appear to be responsible for the initial rapid disappearance

of the conjugate from the circulation.

The concept of using antibodies as carriers of phar-
macological agents has become more practical since
the advent of monoclonal antibody technology. In
vitro studies have shown that immunospecific con-
jugates can indeed be prepared and while encour-
aging results have been reported for a variety of
antibody—drug conjugates [1] particularly impressive
results have been achieved using antibodies con-
jugated to plant and bacterial toxins [2-5]. Many
studies have centred on the plant toxin ricin which
consists of two polypeptide chains, one denoted B
chain which binds to cell surface galactose residues
and an A chain which upon entry to the cytosol
causes cell death by the inactivation of protein syn-
thesis [6]. Galactose residues are present on the
surface of most cells and as a consequence conjugates
with ricin holotoxin have been found to have con-
siderable non-specific cytotoxicity [7]. It has been
argued that preparation of conjugates with the A
chain of the toxin is one way in which this problem
can be overcome and several sets of experiments
have borne out this contention {8]. While linkage of
ricin A chain to antibodies generally results in a
potent cytotoxic conjugate it appears that linkage via
a sulphide bond results in inactive conjugates [9, 10].
This may be due to a requirement for release of
the A chain from the antibody before its ribosome
damaging function can be expressed [11]. A number
of studies in vivo have demonstrated that antibody-
ricin A chain conjugates are effective in significantly
prolonging the survival of animals injected with
tumour cells [12-14]. In general, however, results
have been less successful than expected on the basis
of in vitro studies. These results may reflect the
possibility that only low levels of the conjugate reach
the tumour cells in an active form. A number of
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reasons for this have been suggested including lim-
ited ability of the conjugate to extravasate, instability
of the antibody-ricin A chain linkage or rapid catab-
olism of the conjugate [15-17]. We have investigated
the pharmacokinetics and in vivo fate of ricin A
chain, a mouse monoclonal antibody and a disul-
phide bonded conjugate of these following adminis-
tration to rats. The results indicate that both break-
down of the linkage and rapid catabolism of the
conjugate occur.

MATERIALS AND METHODS

Materials. The hybridoma producing LICR-
LOND-Fib 75, a mouse monoclonal antibody of the
IgG 2a subclass, was provided by R.A.J. Mcllhinney
(Ludwig Institute for Cancer Research, London
Branch). This antibody recognizes a widely dis-
tributed human antigen and has no known specificity
for any rat tissues. Castor bean cake derived from
the seed of Ricinus communis of Kenyan origin,
was a kind gift of Croda Premier Oils, Hull. N-
Succinimidyl 3-(2-pyridyldithio)propionate (SPDP)
was prepared as described by Carlsson et al. [18].
Protein A Sepharose 4B, Sephacryl S-200, CNBr
Sepharose 4B and Sephadex G-25 were purchased
from Pharmacia Ltd. (Milton Keynes, Bucks., U.K.).
Sodium (1) iodide was supplied by Amersham
International (Amersham, Bucks., U.K.) and Iodo-
gen by Pierce (UK) Ltd. (Chester, U.K.).
Monoiodotyrosine was purchased from Sigma
(Poole, Dorset). Rabbit antiserum to ricin A chain
was produced by immunizing animals at two intra-
muscular sites with a total of 100 ug A chain emul-
sified with Freund’s complete adjuvant, followed 5
weeks later by 200 yug of A chain in PBS divided
between four subcutaneous sites. Animals were bled
out 7 days after the subcutaneous boost. Specific
antibody was isolated from the antiserum by affinity
chromatography on immobilized Ricinus communis
agglutinin. This antibody was subsequently coupled
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to CNBr activated Sepharose to provide the anti-
ricin A chain adsorbent used in these experiments.
All other reagents were of analytical grade.

Preparation of conjugates. The Fib 75 hybridoma
was grown intraperitoneally in Balb/c mice and the
immunoglobulin fraction from the ascitic fluid
purified by precipitation with ammonium sulphate
(50% saturation at 4°) followed by affinity chroma-
tography on staphylococcal protein A immobilized
on Sepharose 4B [19].

Ricin was prepared from castor bean cake by the
method of Nicholson and Blaustein {20] with modi-
fications as previously described [21].

Proteins were radiolabelled using the Iodo-gen
method [22]. Labelled ricin A-chain was prepared
by reductive cleavage of iodinated holotoxin [21].
The specific activities of the labelled proteins ranged
from 200 to 400 uCi/mg.

The preparation of conjugate between antibody
and the A chain of ricin has previously been
described in detail [21]. Briefly, the antibody was
reacted with SPDP under the conditions for an aver-
age 1.5-2 equivalents of the 3-(2-pyridyldithio)-pro-
pionyl group to be incorporated for each molecule
of antibody. Unreacted reagent was removed by gel
chromatography and the derivatized antibody mixed
with a >2-fold molar excess of freshly reduced ricin
A chain and left overnight at room temperature.
Two conjugates were prepared, the first with %I-
labelled ricin A chain (Ig-ricin A*) and the second
with %I-labelled antibody (Ig*-ricin A). Both con-
jugates were purified by gel filtration chroma-
tography on Sephacryl $-200 to remove free ricin A
chain. Because of the small difference in molecular
weight it was not possible to fully free the Ig*-ricin
A of uncoupled antibody by this means.

The molecular composition of the conjugates was
examined by polyacrylamide gradient gel electro-
phoresis in the presence of sodium dodecyl sulphate
under reducing and non-reducing conditions.

Affinity chromatography. Further purification of
the conjugate prepared with »I-labelled antibody
was performed by affinity chromatography on a
column of rabbit anti-ricin A chain conjugated to
Sepharose 4B. As described by Vitetta et al. [23],
this procedure does not affect the integrity of either
component of the conjugate. The column (1ml),
equilibrated with 100 mM disodium hydrogen phos-
phate, 100mM sodium chloride, 1mM EDTA
adjusted to pH 7.5 with 1 M hydrochloric acid, was
saturated with cold Fib 75 and extensively washed
with the buffer. Conjugate was applied to the
column, unbound material eluted and the column
washed at a flow rate of 6 ml/hr with buffer (four
column volumes) followed by 0.1 M sodium chloride
{four column volumes). The bound material was
displaced at 37° with three column volumes of 3.5 M
magnesium chloride at an elevated flow rate (about
10 ml/hr). The eluted conjugate was immediately
dialysed against distilled water for 1 hr then against
PBS for 18 hr.

A smaller column of immobilized rabbit anti-ricin
A chain (0.5 ml) was used to estimate the proportion
of intact %*I-labelled antibody conjugate in samples
of serum taken from animals treated with the con-
jugate and samples of serum and plasma incubated
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with the conjugate in vifro (see below). Samples
(100 ul) were applied to the column at room tem-
perature and left for S min. The column was then
washed with buffer until no radioactivity was present
in the eluate. The column was of sufficient capacity
to allow for analysis of all the samples without
desorption of the bound material.

Animais. Male Wistar albino rats (200-300 g) were
supplied by the Chester Beatty Rodent Breeding
Unit and allowed free access to food and water.

Clearance studies. Rats were lightly anaesthetized
with ether followed by an intramuscular injection of
fentanyl citrate (315 pg/kg) and fluanisone (10 mg/
kg). The proteins under study were injected into
the right jugular vein. Each animal received 0.8
1.1 x 10% cpm of radiolabelled material in the case of
the antibody, ricin A chain, the *’I-labelled antibody
conjugate and the sodium %] iodide and § X
10° cpm of radiolabelled material in the case of the
125]-1abelled ricin A chain conjugate. Each dose was
contained in approximately 0.1 ml Dulbecco’s phos-
phate buffered saline. Samples of blood (approxi-
mately 0.3 ml) were taken at time intervals from
the left jugular vein, weighed and the radioactivity
determined in a Packard 5266 gamma counter. Blood
samples at selected time points were allowed to clot
overnight at 4° and serum samples from two animals
were pooled for chromatographic analysis. Repeated
induction of anaesthesia was required for sampling
the blood at the later time points.

Samples of each of the radiolabelled proteins were
added to freshly drawn rat blood and the samples
subsequently treated in an identical manner to the
samples from the dosed animals. These samples pro-
vided a control for any breakdown of the proteins
subsequent to withdrawal from the animal.

Excretion studies. Rats were anaesthetized using
ether. The *I-labelled materials (0.8-1.1 x 106 cpm
in approximately 0.1 ml PBS) were injected into the
sublingual vein and the animals housed individually
in metabolic cages (Lab Care Precision, Ashford,
Kent). Urine and faeces were collected separately
and the total radioactivity excreted by each route
measured.

Gel permeation high pressure liquid chro-
matography. Samples of serum taken and urine col-
lected from animals at various times after injection
with the radiolabelled materials were applied to a
7.5 x 600mm G3000S.W. T.S.K. gel permeation
column (L.K.B. Ltd., Croydon, Surrey, U.K.). The
separation was performed at a flow rate of 1 ml/min
in 20mM sodium dihydrogen phosphate, 100 mM
sodium sulphate, 0.05% sodium azide adjusted to
pH6.8 with 1M sodium hydroxide. Fractions
(0.5ml) were collected and the radioactivity
measured. The retention times for the peaks of radio-
activity were compared with those of standard pro-
teins of known molecular weight (Biorad Ltd., Wat-
ford, Herts., U.K.).

Sephadex G-25 chromatography. Samples of
serum and urine from animals injected with 1%]-
labelled materials were analysed on a Sephadex G-
25 column (18 mm X 830 mm), equilibrated in 0.2 M
sodium acetate. Fractions (1.7 ml) were collected at a
flow rate of 40 ml/hr and the radioactivity measured.
Elution profiles of monoiodotyrosine and dextran



Fate of an antibody-ricin A chain conjugate administered to normal rats

2

)

g

cpm/g body weight injected
(3.
=

cpmjg whole blood

-
o

Q
o

Radioactivity (

o
s

419

I L L

o
o
~
@
»
b

30 36 42 48 54

Time thours)

Fig. 1. Blood levels of radioactivity after i.v. injection of: antibody, (M) approximately 40 ug/rat, ricin

A chain, (@) approximately 8 ug/rat, Ig*-ricin A, (A) approximately 40 ug/rat with respect to antibody

and Ig-ricin A*, (A) approximately 7 ug/rat with respect to ricin A chain. Results are for three animals.

Where samples were taken at the same time point results are expressed as the mean =8.D.; where
samples were taken at different time points individual data points are plotted.

blue (by u.v. absorbance at 280 nm) and sodium ]
iodide (by radioactivity measurement) were obtained
for comparison.

In vitro studies. »I-labelled antibody conjugate
was added to control rat EDTA-anticoagulated
blood to give a final concentration approximately
equal to the initial blood concentration seen on in
vivo administration of the conjugate. The blood was
incubated at 37° for 48 hr and samples were taken at
time intervals, centrifuged and the plasma analysed
by affinity chromatography (see above). A similar
incubation was set up using serum containing the
same concentration of EDTA.

RESULTS

Conjugate composition

The final Ig-ricin A* preparation was con-
taminated by <1% free %’ labelled ricin A chain
(see Fig. 2b) while the final Ig*-ricin A contained
<<1.5% unconjugated antibody (see Table 2, column
3). The elution profiles of the Ig*-ricin A and Ig-
ricin A* on gel permeation HPLC analysis were very
similar {data not shown). Sodium dodecyl sulphate
polyacrylamide gel electrophoresis demonstrated
that 60-70% of the labelled material in each con-
jugate preparation ran as a single band with a mol-
ecular weight consistent with one molecule of ricin
A chain coupled to one of antibody. The remaining
1251 jabelled material comprised conjugate with more
than one ricin A chain coupled to each immuno-
globulin molecule. When the samples were treated
with reducing agent the radioactivity ran either as
the heavy and light chains of the immunoglobulin
(Ig*-ricin A) or as ricin A chain (Ig-ricin A*) (data
not shown).

Blood levels

Blood radioactivity levels were monitored after a
single i.v. injection of antibody, ricin A chain, Ig-

ricin A* and Ig*~ricin A. Figure 1 plots the level of
radioactivity in whole blood on a logarithmic scale
against time after administration of each of the pro-
teins. In each instance an initial rapid drop in blood
radioactivity was followed by a slower phase. Blood
levels of radioactivity were also monitored after a
single i.v. injection of 3-(2-pyridyldithio)propionyl-
ated antibody. No differences were observed
between the blood levels of radioactivity after
administration of the modified and unmodified anti-
body {(results not shown).

Gel permeation high pressure liquid chromatography

The gel permeation column allowed separation in
the molecular weight range 1000-800,000. A semi-
log plot of molecular weight against retention time
was linear over the range 17,000-670,000. Vitamin
B-12 (molecular weight 1350) had a retention time
of 27 min. Material with a retention time longer than
this was assumed to be of a molecular weight <1350.

Figure 2a shows the elution profile of ricin A chain
applied to the column in serum. The radioactivity
eluted as two peaks, one at the void volume of
the column (molecular weight >800,000) the second
between 21 and 26 min. The second peak (22.5 min)
corresponds to a molecular weight of approximately
27,000 and was the only peak seen when ricin A
chain was applied to the column directly in buffer.

Figure 2b shows the elution profile of Ig—ricin A*
applied to the HPLC column in the buffer described
above. Ninety-nine per cent of the radioactivity
eluted between 12 and 20.5min with a peak at
16.5 min. This retention time was as expected for
a 1:1 conjugate on the basis of molecular weight
markers.

Figure 2c was the elution profile of a serum sample
taken 24 hr after dosing with Ig-ricin A*. Radio-
activity eluted as three peaks with 68% eluting
between 12 and 20.5 min with a peak at 16 min, 1.5%
between 20.5 and 26 min with a peak at 22 min and
31% between 26 and 30 min with a peak at 28 min.
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Fig. 2. Elution profiles of (a) ricin A chain added to serum,
(b) Ig-ricin A* in elution buffer, (c) serum sample taken
at 24 hr after injection of Ig-ricin A* analysed on a G3000
S.W. T.S.K. gel permeation column. The bars represent
the recovered radioactivity present in each fraction,

Analysis of serum samples from animals dosed
with ricin A chain revealed that by 1hr the major
radioactive species present (approximately 60%) was
of a molecular weight of <1350. The remainder of
the radioactivity eluted as two peaks as indicated in
Fig. 2a. The rapid removal of radioactivity from the
blood compartment of animals dosed with ricin A
chain made accurate HPLC analysis of the samples
at later time points difficult. The results indicate
that by 2hr and at later time points >80% of the
radioactivity was of a molecular weight <1350 while
the remainder of the radioactivity eluted at the void
volume of the column in a position corresponding
to the high molecular weight material found after
incubating ricin A chain with serum in vitro. No
counts were seen at the position corresponding to
ricin A chain.

In contrast, HPLC analysis of serum samples taken

N. R. WORRELL ¢t al.

Table 1. Gel permeation HPLC analysis of serum after i.v.
administration of Ig-ricin A*

Percentage radioactivity eluting

Time after between the indicated retention times

dosing (hr) 1221 (m) 22-26 (m) 27-30 (m)
0% 96 34 0.6
0.0333 9% 3.7 0.3
1.0 92 2.9 4.7
4.0 92 2.9 4.7
4.0 90 1.2 8.7
8.0 84.9 1.5 13.6

24.0 68.2 1.5 31.2
48.0 65.0 3s 31.7

T Ig—ricin A* added to blood as a control for breakdown
before analysis.

over a 48-hr period from animals dosed with radio-
labelled antibody showed that all of the radioactivity
in the samples appeared as a single band with an
elution profile and retention time identical to that of
the injected material.

Table 1 shows the results of HPLC analysis of
serum samples taken at various times after dosing
with Ig-ricin A*. The results are presented as the
percentage radioactivity eluting between the two
indicated retention times. Over the 48-hr time course
after injection of the conjugate there was a pro-
gressive increase in the percentage of the total radio-
activity eluting as material of molecular weight less
than 1350. There was no evidence for an increase in
the amount of ricin A chain present in the serum
with time, the value being at a consistently low level,
nor for any radioactive material eluting at the void
volume of the column. Serum samples from animals
dosed with Ig*-ricin A were also analysed by HPLC.
Radioactivity appeared in two peaks, one in the
molecular weight range 100,000-600,000 and the
other as material of a molecular weight <1350, Over
the 48-hr period of investigation the percentage of
radioactivity in the circulation associated with
material of a molecular weight <1350 never
exceeded 10% of the total. These results are shown
in column 4 of Table 2. Since mixtures of conjugate
and immunoglobulin could not be resolved by this
technique, further aliquots of these samples were
analysed by affinity chromatography (see below).
Urine samples from animals dosed with each of the
radiolabelied proteins were analysed by HPLC.
Greater than 99% of the radioactivity in each case
eluted as material of molecular weight <1350 with
the exception of the 0-3 hr urine collection from the
animals treated with ricin A chain where 2% of the
radioactivity eluted between 22 and 26 min.

Affinity chromatography

Analysis of serum samples from animals injected
with Ig*-ricin A on an anti-ricin A chain column
facilitated the distinction between materials con-
taining and not containing ricin A chain. The per-
centage of radioactivity which bound to the column
is shown in column 2 of Table 2. On the basis of
the HPLC data the unbound fraction is known to
comprise 2 components, one of molecular weight
approximately 150,000 and one of molecular weight
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Table 2. Gel permeation HPLC analysis and affinity chromatography of serum after i.v. adminis-

tration of Ig

*—ricin A

% Radioactivity not binding
to —ricin A column

% Radioactivity binding

Sample to -ricin A column Mol. wt >100,000 Mol. wt <1350
Ig* <4.0 >96.0 —
Ig*-ricin A 98.7 1.3 —
Time after dosing (hr)

0.0333 94.7 4.6 0.7

1.0 87.7 9.8 2.5

4.0 75.2 19.5 53

8.0 60.0 32.7 7.3
24.0 27.7 65.2 7.1
48.0 10.9 82.0 7.1

<1350. Column 3 in Table 2 shows the percentage
of the radioactivity in the unbound fraction after
subtraction of the radioactivity associated with the
low molecular weight material (shown in column 4
of Table 2). This presumably represents free immu-
noglobulin. It is apparent from Table 2 that there is a
decrease in the proportion of radioactivity associated
with the ricin A chain containing material and a
concomitant increase in the amount of free
immunoglubin.

Sephadex G-25 chromatography

Gel filtration analysis on Sephadex G-25 was used
to examine further the nature of the low molecular
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Fig. 3. Elution profiles of (a) sodium %1 jodide, monoiodo-

tyrosine and dextran blue, and (b) serum sample taken at

24 hr after injection of Ig-ricin A*, analysed on a Sephadex
G-25 column.

weight radioactive species present in the urine and
serum of animals injected with Ig-ricin A*. Figure
3a shows the elution profiles of blue dextran,
monoiodotyrosine and sodium '®I jodide and Fig.
3b that of a serum sample taken at 24 hr after dosing
with Ig-ricin A*. One hour after dosing with Ig-ricin
A*96% of the radioactivity eluted at the void volume
of the column. By 48 hr 63% of the radioactivity still
eluted at the void volume with 37% co-eluting with
sodium iodide. At all time points examined radio-
activity either eluted at the void volume or co-eluted
with sodium iodide. Some samples were examined
using both HPLC and G-25 chromatography. The
percentage of radioactivity which co-eluted with
sodium iodide on the G-25 column agreed closely
with the percentage radioactivity eluting as material
of a molecular weight <1350 on the HPLC column
(Table 1, column 3). Most of the radioactivity in the
urine co-eluted with sodium iodide with less than
0.1% of the radioactivity appearing in the void
volume. Serum and urine samples from animals
dosed with »I-ricin A chain and with »I-antibody
were also analysed by Sephadex G-25 chroma-
tography. The radioactivity in the samples either
appeared at the void volume of the column or co-
eluted with sodium iodide. After administration of
ricin A chain 121 jodide rapidly appeared in both
serum and urine while administration of the antibody
resulted in a slow appearance of ‘I iodide in the
urine only. In no case was any radioactivity seen in
fractions associated with monoidotyrosine.

Pharmacokinetic analysis

From the chromatography data blood levels of
intact Ig-ricin A* were calculated. These results
when plotted on a semi-log scale obeyed biphasic
kinetics. A computerized non-linear least squares
analysis was used to estimate alpha and beta phase
half-lives [24]. These were estimated for each animal
and then the mean and standard deviation calculated.
Half-lives for the alpha and beta phase were esti-
mated as 0.70hr=0.06 and 9.61hr = 0.54
respectively.

Excretion studies

The total radioactivity excreted in urine and faeces
after a single i.v. dose of each protein was measured
over a time course of 96 hr. For each of the proteins
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more than 95% of the excreted radioactivity was
found in the urine. Figure 4 shows the cumulative
excretion of radioactivity for each of the admin-
istered substances. At 96 hr post-injection the cumu-
lative radioactivity excreted in the urine as a per-
centage of that administered was 67% in the case of
ricin A chain, 54% in the case of Ig-ricin A*, 49%
for Ig*-ricin A and 19% for the antibody. The
excretion of intravenously administered sodium %1
iodide was investigated for comparison with the
labelled proteins. Again greater then 95% of the
excreted radioactivity was found in the urine. The
cumulative radioactivity excreted in the first 96 hours
as a percentage of the injected dose was 80%.

In vitro studies

Table 3 shows the results of affinity chroma-
tography on samples of Ig*-ricin A chain incubated
in vitro at 37° with anticoagulated blood and serum.
There was an increasing appearance of radiolabelled
material not containing ricin A chain over the course
of the experiment. At the conclusion of the incu-
bation, chromatography on Sephadex G-25 demon-
strated that all the radioactivity was still associated
with the high molecular weight material.

DISCUSSION

The biological half-life of LICR-LOND Fib 75,
calculated from the linear part of a semi-log plot,
was estimated to be approximately 125 hr. This resuit
agrees reasonably well with that of Houston et al.
[25], who measured a biological half-life of 6 days
for mouse monoclonal IgG 2a when administered to
mice and that of Peppard and Orlans [26], who found
that the biological half-life of rat IgG 2a administered
to rats was 106 hr.

Administration of ricin A chain resulted in a rapid

10p
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Fig. 4. Cumulative urinary excretion of radioactivity after

i,v. injection of antibody (W), ricin A chain (@), Ig*-ricin

A (A) and Ig-ricin A* (A) as described in the legend to

Fig. 1 and sodium ' jodide (©). Results are the mean for

two animals and the pairs of values differed from each
other by not more than 10%.
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Table 3. In vitro decomposition of Ig*-ricin A in serum
and anticoagulated blood at 37°

% Radioactivity not binding to

Time -ricin A chain column
(hr) Blood Serum
1 3.7 1.5
4 8.9 4.0
8 12.6 7.7
24 18.5 15.3
48 34.4 26.7

disappearance of radioactivity from the circulation
and the formation of an as yet unidentified high
molecular weight species. While, the number of
radioactive species present in the blood after injec-
tion of ricin A chain made pharmacokinetic analysis
of the results difficult, our results are in agreement
with those of Cushley er al. [27] who saw a rapid
decrease in total blood radioactivity after adminis-
tration of iodinated ricin A chain.

Two hours after administration of both Ig*-~ricin
A and Ig-ricin A* approximately 50% of the admin-
istered radioactivity had disappeared from the cir-
culation. The disappearance of radioactivity from
the circulation in the second phase was, however,
considerably slower for Ig*-ricin A than for Ig-
ricin A*, reflecting the appearance of labelled non-
conjugated antibody in the circulation which then
persisted. The disappearance of conjugate from the
circulation was much more rapid than that of the
unconjugated antibody.

Urinary excretion studies following administration
of Ig*-ricin A and Ig—ricin A* showed that the rate
of urinary excretion of 1% iodide over the first 96 hr
after administration of the two conjugates was very
similar with approximately 50% of the injected radio-
activity excreted in the urine by 96 hr.

These results indicate that at least three processes
are involved in the removal of intact conjugate from
the circulation; firstly, a distribution of the conjugate
into other compartments of the body, secondly, a
process resulting in circulating free antibody, and
thirdly a process resulting in the release of %] jodide
into the circulation and its subsequent appearance in
urine.

The release of free antibody in the absence of any
free ricin A chain may be due either to intracellular
cleavage of the linkage with release of the free immu-
noglobulin only, or to cleavage of linkage in the
circulation with persistence of the free immuno-
globulin and rapid catabolism of the ricin A chain.
Cleavage of the linkage in both blood and serum has
been observed in vitro, and may be of significance
with respect to the in vivo results. It has been sug-
gested by a number of authors that cleavage of the
linkage in the circulation is an important factor in
the inactivation in vivo of conjugates [9, 16, 17].
While it is clear that breakdown of the linkage is
indeed occurring we feel that our results indicate
that intravascular cleavage of the linkage is not
responsible for the rapid early disappearance of the
conjugate from the circulation.

The release of '] iodide is generally considered
to result from proteolytic degradation of an iodinated
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protein followed by dehalogenation of the released
monoiodotyrosine [28]. Since no other labelled prod-
ucts of proteolysis are seen in either blood or urine,
complete catabolism of some conjugate molecules
must be occurring. Complete catabolism of the con-
jugate could follow uptake by the reticuloendothelial
system as a result of mannose receptor recognition
of the ricin A chain part of the conjugate as suggested
by Vitetta et al. [29] or be the result of perturbation
of the normal route of clearance of the antibody
as a result of the considerable modification of the
molecule by the introduction of the ricin A chain.

When blood levels of intact conjugate were cal-
culated the disappearance of the conjugate from the
circulation obeyed biphasic kinetics with alpha and
beta phase half-lives estimated as 0.70 = 0.06 and
9.61 + 0.54 hr respectively. Since disappearance of
the conjugate from the circulation is much faster than
that of the antibody the behaviour of the conjugate in
the alpha phase cannot merely be a consequence of
distribution into two compartments. This suggests
that there may be a faster removal of some conjugate
molecules from the circulation than of others. Het-
erogeneity of the conjugate could be due to variation
in the point of attachment of the ricin A chain to the
antibody, variation in the number of ricin A chain
molecules attached per molecule of antibody or to
heterogeneity of the ricin A chain, particularly with
respect to its glycosylation [30].

The length of time taken for optimal in vive
tumour localization of appropriate antibody has been
reported to be of the order of 24 hr [31]. The total
amounts of antibody and intact conjugate remaining
in the circulation at 24 hr calculated as a percentage
of the injected dose, assuming a blood volume of 6%
of the total body weight, are 29% and 1% respect-
ively. These results may provide an explanation for
the poor therapeutic results seen when ricin A chain
conjugates have been used in vivo [16, 17)].

Prolonging the in vivo persistence of a conjugate
may lead to an improvement in its efficacy. There
are a number of ways in which this may be achieved.
By modifying the bridging structure between the A
chain and antibody it may be possible to increase its
stability. Alternatively, if saccharide recognition is
an important factor in the rapid removal of ricin A
chain conjugates from the circulation, conjugates
with the non-glycosylated A chain of abrin or the
non-glycosylated ribosome-inactivating protein
saporin may well prove more effective anti-tumour
agents in vivo [32, 33].
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