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for non-therapeutic reasons is recognized to be of increasing
importance among younger people in Britain (Connell, 1964;
Bewley, 1965). Dependence on an extensive range of other
drugs is also becoming more common (Wilson, 1965 ; Madden
and Wilson, 1966). This alarming increase in non-thera-
peutically-induced dependence must not be allowed to with-
draw attention from the possibility of causing dependence in
patients as a result of unwise or ignorant prescription of
dependence-producing drugs for therapeutic reasons.

Summary

Two cases showing the features of dependence on dextromor-
amide are described. Dependence had been produced in both
patients after dextromoramide administration for relatively
slight and temporary pain. On admission to hospital they were
taking dextromoramide in doses of 15 mg. six-hourly and
20 mg. at one-hourly intervals. The diagnosis was confirmed
in both cases by production of the abstinence syndrome by
substitution of dummy tablets for dextromoramide under
double-blind conditions, and in one case by the administration
of nalorphine. The abstinence syndrome was more severe, but
occurred later, after the administration of the dummy tablets.
The possibility that the features of the abstinence syndrome
can lead to misdiagnosis is discussed and the importance of
recognizing therapeutically induced drug dependence in hospital
is stressed.

We should like to express our thanks to Dr. J. S. Madden,
consultant psychiatrist in charge of the addiction unit at Moston
Hospital, for his interest, and to the nursing staff in the unit for
their assistance and co-operation in those investigations. We also
wish to thank M.C.P. Pure Drugs Limited for supplying the dummy
tablets of dcxtrormoranlide which wcre used in thc investigation.
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Preliminary Communications

Immunoradioactive Agent against Cancer

Bri*. med. 3., 1967, 1, 90-93

Cancer-specific antibodies have been produced against both ex-
perimental and spontaneous human tumours, but there is little
evidence that they have any inhibitory or destructive effect on
tumour cells in vivo (British med. 7., 1966). In a report of the
production of a specific precipitin against renal cancer in a
human subject (Nairn et al., 1963) it was suggested that, though
not therapeutically effective itself, specific antibody to tumour
might localize on the surface of tumour cells and act as a

homing carrier for cytoclastic, radiotherapeutic, or chemo-
therapeutic agents. We have recently developed a successful
experimental model of such an effect, using Ehrlich ascites
tumour in mice and a specific antitumour serum coupled
with ':1IL

METHODS

The experimental tumour and test system were provided by
Ehrlich ascites tumour grown in Balb/c mice. Male and
female mice about 2 months old were inoculated intraperi-
toneally with approximately 2.5 x 107 tumour cells in 0.25 ml.
of ascitic fluid and physiological salt solution. Use of the
ascites tumour has the advantages of avoiding contamination by
normal connective-tissue cells of tumour stroma and of permit-
ting free access to tumour cells by any antisera injected into the
peritoneal cavity.

ANTITUMOUR SERA, IMMUNOFLUORESCENCE, AND

RADIOACTIVE TRACING

Two adult New Zealand rabbits were immunized by intra-
muscular injections of 1 ml. of a 25% (w/v) saline suspension
of viable Ehrlich ascites tumour cells emulsified with an equal
Volume of complete Freund's adjuvant, and the inoculation was
repeated after six weeks. During the ninth week the rabbits
received a further injection of ascites tumour cells without
adjuvant, and this was repeated two days later. Thus each
rabbit received, in all, four immunizing injections of the same
dose of tumour cells, the first two accompanied by adjuvant;
both rabbits were bled one week after the last injection. Species-
specific and other irrelevant antibodies were removed from the
antisera by successive absorptions with homogenates of liver,
kidney, and spleen from Balb/c mice.
When tested by gel diffusion both sera before absorption gave

two precipitin lines against ascites tumour homogenate and
other mouse tissues ; there was no sign of any tumour-specific
precipitin reaction after serum absorption with nontumour tissue
preparations. One serum, used for the majority of experiments,
was tested by complement fixation with doubling dilutions of
serum against equal volumes of ascites tumour-cell homogenate
containing 100 1ig./ml. protein nitrogen, using two minimum
haemolytic doses of complement. The unabsorbed serum had a

titre of 1/32, and after absorptions with mouse, liver, kidney,
and spleen homogenates this was reduced to 1/8. Substitution
of a tumour-cell preparation for one of these absorptions
caused a reduction in titre, possibly complete loss, but this could
not be measured exactly because of anti-complementary activity
of the absorbed serum ; the preimmune serum gave a negative
reaction.
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Both sera, on testing by immunofluorescence, behaved identi-
cally, and after absorption with the normal organ homogenates
reacted exclusively with ascites tumour cells. Sandwich
fluorescent staining was used according to the general pro-
cedures described elsewhere (Nairn, 1964). Fresh smears of
ascites tumour cells, fixed in acetone at - 100 C. for one minute,
were treated with the absorbed immune serum for 30 minutes
and washed in phosphate-buffered saline (phosphate 0.01 M,
pH 7.1) for 10 minutes. They were then stained by goat anti-
rabbit-globulin conjugated with lissamine rhodamine B (RB
200) for 30 minutes, again washed in buffered saline, and
mounted in buffered glycerol for examination by fluorescence
microscopy. Tests of specificity of staining included the failure
to stain frozen sections or smears of cell suspensions of tissues
other than the Ehrlich tumour-for example, mouse spleen and
liver-and failure to stain tumour preparations with antiserum
absorbed by tumour homogenate or with preimmunization
serum samples from the rabbits.

Radioactive labelling of serum was accomplished by the
method of Ada et al. (1964), except that we used 19 mCi of
carrier-free 131I (100 jld. IBS. 3, Radiochemical Centre, Amer-
sham) to label 1 mg. of serum gammaglobulin in 50 M1. of
phosphate-buffered saline. The serum globulin fraction was
obtained by precipitation with 40% saturated ammonium
sulphate. Purification of the iodinated globulin was carried out
by gel filtration on sephadex, and the 2-ml. sample of effluent
showing highest radioactivity, as determined in a liquid scintilla-
tion counter, was used for subsequent experiments. The presence
of iodinated globulin in the effluent was confirmed by gel
diffusion against appropriate antiglobulin sera and then subject-
ing the dried gel to autoradiography. The level of radioactivity
obtained was approximately 2,800 liCi/ml. Immunological
activity of the labelled gammaglobulin was tested by its reaction
with similar smears of Ehrlich ascites tumour to those used in
the immunofluorescence tests. Binding of antibody was assessed
by washing iodinated globulin-treated smears in phosphate-
buffered saline and confirming the presence of rabbit globulin
on cell surfaces by immunofluorescence, followed by fixation in
10% phosphate-buffered formalin (pH 7) and autoradiography.
This was carried out with Kodak AR-10 stripping film, the
preparations being developed after three days for microscopical
examination.

CYTOTOXICITY TESTS

For in-vitro tests 0.25 ml. of ascites tumour cells at the same
concentration as used for intraperitoneal inoculation was
incubated at 370 C. with equal volumes of absorbed antiserum
and fresh guinea-pig complement. In control experiments the
complement was omitted, or the preimmune sera or physio-
logical saline with or without complement was used. Cell
damage was assessed by adding 0.1 ml. of 0.5% trypan-blue to
the preparation and observing any staining of cytoplasm of dead
cells by the dye, observations being made every 10 minutes for
one hour. Preliminary cytotoxicity tests were also carried out
with the iodinated globulins.
For in-vivo tests the tumour cells and sera were incubated

as above, but the addition of the trypan-blue was omitted ; the
preparations were inoculated separately into the peritoneal
cavities of pairs of normal Balb/c mice. Persistence of binding
of specific antibody to the tumour cells was studied in one pair
of mice by immunofluorescent staining of samples from the
peritoneal cavity at 7 and 10 days after inoculation. For the
tests with radioiodine-coupled antiserum four 1-ml. volumes of
ascites tumour cells at the same concentration as before were
incubated at 370 C. for 30 minutes respectively with 1 ml. of
the following reagents: (1) iodinated absorbed rabbit anti-
tumour globulin; (2) iodinated human globulin at the same
concentration; (3) noniodinated absorbed antitumour serum to
which an equal volume of guinea-pig complement had been

added; (4) noniodinated preimmune serum with guinea-pig
complement. These mixtures were injected in 0.5-ml. volumes
into small groups of mice, which were observed for several
weeks or until they died.

RESULTS

Inoculation of the standard dose of Ehrlich carcinoma into
the Balb/c mice invariably resulted in the development of ascites
tumour and death in 11 to 14 days. At any stage in the progress

FIG. 1.-Fluorescence photomicrograph of smear of Ehrlich
ascites tumour cells treated first with rabbit antitumour serum
absorbed by normal mouse tissues, and then with rhodamine-
conjugated goat antirabbit-globulin. Binding of specific and-
serum demonstrated by bright fluorescent staining of cell

surfaces and cytoplasm. (X670.)

FIG. Z.-Autoradiograph of tumour cell smear treated with
rabbit antitumour serum coupled with 13'L. The radioactivity
has the same cell-surface localization as previously shown by

immunofluorescence; cf. Fig. 1. (X 670.)
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of the neoplasia the tumour cells could be stained specifically
by immunofluorescence with the absorbed antitumour sera (Fig.
1). The immunofluorescence tests of samples of ascites tumour
from the mice inoculated with tumour preparations previously
incubated with antiserum revealed persistent binding of anti-
body to tumour cells in vivo for at least 10 days.

Binding of the radioiodine-labelled gammaglobulin to tumour
cells was demonstrated by immunofluorescence, followed by
autoradiography on the same smear (Fig. 2), indicating that the
labelling had no material effect on antibody activity. Smears
of tumour cells which had been incubated with iodinated anti-
serum showed no obvious microscopical changes.

CYTOTOXICITY

In vitro the absorbed specific antiserum with fresh guinea-pig,
complement produced cytotoxic effects in 40% of tumour cells.
Such effects included swelling, superficial bleb formation,
crenation, fragmentation, and agglutination (Fig. 3). Cell
death was confirmed by the staining of damaged cells with the
trypan-blue. This cytotoxicity was detected only when anti-
serum and complement were together incubated with the
tumour cells ; antiserum alone, complement alone, or pre-
immune serum with or without complement had no significant
cytotoxic effects.

Sampling of the ascites tumour after intraperitoneal inocula-
tion of sera for in-vivo cytotoxicity tests was not carried out.
However, in all of 12 experiments inoculation of tumour-cell
preparations incubated with antisera not labelled with radio-
iodine led to ascites tumour development and death of the mice
at the same rate as in the control mice inoculated with tumour
alone ; in six mice the incubated preparations had been treated
with antiserum and complement and in six with antiserum
alone. As would be expected, 10 mice receiving preparations
incubated with preimmune serum with or without complement
or incubated with complement alone also showed no sign of
delayed tumour development or extended survival. In all of
the mice the ascites tumour cells post mortem had the same
morphological and antigenic characteristics as the stock tumour

FIG. 3.-Fresh suspension of tumour cells treated witl rabbit
antitumour serumn and guinea-pig complement. Note signs
of cytotoxicity: agglutination, bleb formation, cellular swelling,
and crenauon. There was also uptake of trypan-blue dye by
the cells, but this is not visible in the black-and-white photo-

micrograph. (x 670.)

BRITISH
MEDICAL JOURNAL

cells when examined by conventional microscopy or by immuno-
fluorescence methods.
Four mice that received the tumour preparation treated with

human gammaglobulin conjugated with the radioiodine
developed ascites tumour in the usual way, and all died in 12
to 14 days; again the tumour cells post mortem showed no
unusual microscopical features. In contrast (Fig. 4), all four
mice receiving the tumour preparation treated with the specific
antitumour globulin conjugated with radioiodine showed no
sign of developing ascites tumour at any stage, and six weeks
after the initial inoculation appeared quite healthy. These mice
for the first three or four days of the experiment looked

FIG. 4.-Normal Balb/c mouse to left ot two moribund mice
distended by advanced Ehrlich ascites tumour. All the mice
had been inoculated with the same dose of tumour cells 12
days previously. In the unaffected animal, which survived in
perfect health, the tumour had been incubated with antitumour
globulin coupled with 13"'. The middle mouse had received
a tumour preparation that had been incubated with non-
iodinated antitumour serum plus complement, and the mouse
on the right received tumour incubated with iodinated normal
human globulin. The ascites tumour continued to develop
in these two mice, and they died two days after the photograph

was taken.

moderately toxaemic, with their hair standing on end and their
movements sluggish; but they recovered from this completely
within a day or two, and all four looked perfectly healthy a
week after inoculation. None of the other mice, including those
receiving the iodinated human gammaglobulin, showed this
early sickness, which is perhaps attributable to toxaemia from
damaged tumour cells or to excessive visceral radiation from
selective intraperitoneal localization of the radioactivity.

DIscusSION

One of the basic problems of chemotherapy of cancer is the
difficulty in obtaining substances with selective action on
tumour cells. In the present investigation this difficulty has
been overcome by the use of a specific heterologous antitumour
serum. Tumour-cell preparations treated with this serum
showed specific binding of antibody, and, in the presence of
complement, specific cytolysis. However, such treated prepara-
tions were no less effective than untreated tumour cells in
causing ascites carcinoma in the mice, followed by death within
two weeks of inoculation. The coupling of a radioactive sub-
stance, 3IlI, with the specific antiserum has provided a reagent
which is both selectively tumour-localizing and cytoclastic. The
normal survival with complete return to health of a small group
of mice inoculated with tumour cells treated with such a re-

agent is in sharp contrast with the invariable development of
tumour and rapid death in the large number of control mice.

The nature of the specific antigen in the Ehrlich tumour has
not been investigated beyond the present findings; it could be

92 14 January 1967
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a new tumour-specific antigen or an isoantigen or even an
antigenic constituent of a passenger virus. Whatever com-
ponent of the tumour cell has provoked specific antibody forma-
tion, such antibody can be employed as a homing carrier for
cytoclastic chemicals. It is relevant that tumour-binding anti-
body, also of uncertain nature, has been detected in cases of
Burkitt's lymphoma (Klein, 1966); perhaps this would lend
itself to immunoradiotherapy of a human tumour.
Our results seem to be a promising beginning to the develop-

ment of immunoradiotherapy of cancer. Experiments are in
progress to determine the optimal timing of administration and
doses of antibody and radioactivity required to cure established
ascites tumour in mice. Other radioactive materials for con-
jugation with the antisera should be investigated and the possi-
bility of coupling antisera with nonradioactive cytotoxic
chemicals which are effective at cell surfaces-for example,
nitrogen mustard-should also be explored.

SUMMARY

An antiserum to Ehrlich carcinoma in Balb/c mice, produced
by immunizing rabbits, was found after appropriate absorptions
to bind specifically to the tumour cells in vitro. Binding was
confirmed by immunofluorescence and radioactive tracing; in the
presence of complement the serum was also observed to be cyto-
toxic to tumour cells in vitro. Mice inoculated with Ehrlich
ascites cells which had been incubated with the gammaglobulin
fraction of this antiserum coupled with 13 'I did not develop
tumour, and have remained healthy for several weeks. In
contrast, mice inoculated with tumour alone or with tumour
incubated with noniodinated antiserum, with or without com-
plement, or with iodinated nonimmune globulin invariably
developed ascites tumour and died within 14 days of
inoculation.

ADDENDUM.-Since going to press one of the four surviving
mice, which received Ehrlich ascites tumour treated with the
antitumour globulin coupled with 131I, died six weeks after
inoculation. At necropsy no tumour was identified anywhere in
the body, and death is attributed to extensive broncho-
pneumonia, the precise cause of which could not be ascertained;
there was no histological evidence of significant radiation
damage to abdominal organs or bone marrow. The other three
surviving mice are still alive and free from any sign of tumour
at ten weeks.

We wish to thank Miss A. Huhn for serological assistance. The
work was supported by grants from the Anti-Cancer Council of
Victoria, the National Health and Medical Research Council, and
the Australian Research Grants Committee.
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Medical Memoranda

Normal Cerebral Function with Bilateral
Carotid Occlusion

Brit. med. J., 1967, 1, 93-94

Angiography has revealed a number of people with marked
stenosis of both internal carotid arteries, some with complete
occlusion of one side, who are leading active mental and physical
lives. However, those surviving with bilateral occlusion are
few. In many survival is measured only in days or weeks, and
most of those living longer remain severe mental and physical
invalids (Fisher, 1954 ; Clarke and Harrison, 1956 ; Alajouanine
et al., 1959; Groch et al., 1960; Meyer et al., 1960; Castaigne
et al., 1963). This gloomy picture is not, however, universal,
and, in rare cases, patients when young or where occlusion has
been gradual may live a sheltered existence for some years
(Groch et al., 1960; Doniger, 1963 ; Braud et al., 1965).
The following case is worth reporting because complete

occlusion of both internal carotid arteries, narrowing at the
origin of the right vertebral artery, and probable narrowing of
the basilar artery were proved angiographically. There was also
further evidence of widespread general arterial disease. Despite
this the patient had continued to earn his livelihood as a
laboratory technician and had taken examinations in two
subjects of the Higher National Certificate of Education.

CASE REPORT

A man of 47 first attended the neurological service in August
1965. Six months previously he had had sudden complete loss of
power in the right arm lasting 15 minutes, followed by persistent
numbness of the thumb and index and middle fingers. No dysphasia
occurred. Two months later he began to have brief attacks of
weakness and painful paraesthesia in the right face. On one
occasion this was accompanied by dysphasia. On two occasions on
bending his head backwards he had had transient amblyopia in
both eyes, mainly in the upper visual fields. His health was other-
wise good and he was at work and attending night classes up to the
time of admission.

Four years previously, while a chief technician in the R.A.F., he
had developed intermittent claudication after walking half a mile
(800 m.). Femoral angiograms at that time had shown marked
stenosis and vessels of irregular calibre, more marked on the left.
After a few weeks in hospital he had returned to full duty and
claimed that his symptom-free walking had gradually increased to
two miles (3.2 km.). Apart from two minor head injuries he had
had no other previous ill-health. He had served a full term in the
R.A.F., retiring about a year before he was first seen. The family
history revealed that his mother had died of hypertension at the
age of 39. There was no other cardiovascular or neurological
disease.
On examination his mental state was normal to clinical examina-

tion, and formal psychometric testing showed a superior intellectual
ability in both verbal and non-verbal fields. There were no indica-
tions of deterioration. He was right-handed, and there was no left-
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