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TABLE Wv-Clinical Outcome in Relation to Urinary Content and Findings on Repeat Biopsy

l ~~~~~~~~UrinaryFindings
Case No. Blood Urea I i Histological Interval Between Results

(mg/100 ml) R.B.C. W.B.C. Prote Classification Biopsies
(/MM7) (/MM7) Prot __An_

25 29 6-8 0cc. Trace II 12 Months V. Good

26 ( 15 1-2 2-3 Nil II 20 Months Defaulted
26 ~~~19 0cc. 0cc. Trace 2MotsDied-uraemia

27 352 25-45 5-6 + I } 18 Months Died-cryptococcal meningitis

24 10-20 2-3 + 12 Months
28 t| 24 5-7 0cc. + 12 Months V. Good

17 2-3 0cc. +I
29 28 15-30 6-10 + 20 Months Good

28 6-8 1-2 +II j

30 8 15 0cc. 8-10 Trace I 16 Months V. Good

31 30 3-4 1-2 + III Months V Good24 2-4 0cc. +20MnhV.Go

for two years. Amenorrhoea also occurred in some patients
with the nephrotic syndrome treated with cyclophosphamide,
as reported previously (Feng, 1972).

Discussion

Since 1952, when the use of corticotrophin and cortisone in
S.L.E. was first described (Dubois et al., 1952; Soffer and
Bader, 1952), steroids have remained the comerstone of
therapy in this disease. Different regimens have been used
(Pollak et al., 1961; Zweiman et al., 1968). In a disease which
is so protean in its manifestation and variable in its course
and prognosis (Rowell, 1969) it would be difficult to compare
the efficacy of different drugs or even different treatment
schedules of any one drug. Nevertheless, we believe we have
shown that cyclophosphamide is a useful alternative drug and
could be used singly in patients who cannot tolerate steroids
or those with severe steroid side effects. Similarly, it could be
used as an adjunct to low-dosage steroids. With our present
treatment regimen more than 80% of the patients were lead-
ing normal lives. Renal deaths are rare and we agree with
Larson (1961) and Dubois (1966) that renal impairment,

though an important cause of mortality in S.L.E., is not
necessarily a cause for immediate concem.
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Summary
Three patients with angina pectoris treated with practolol
in varying doses developed a syndrome of arthralgia, particu-
larly of the smali joints of the hands, rash, fever, a raised
E.S.R., and positive tests for lupus erythematosus (L.E.) cells
and antinuclear antibody. The syndrome responded partly to
withdrawal of the drug, but steroids were required to produce
adequate symptomatic improvement. These disease features
suggest that this is an example of drug-induced systemic lupus
erythematosus (S.L.E.). The impaired ability of lymphocytes
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from these patients to transform in vitro indicates a testable
hypothesis for the pathogenesis of the syndrome.

Introduction

Many drugs may induce a syndrome similar to systemic lupus
erythematosus (S.L.E.) in susceptible patients (Alarcon-
Segovia, 1969). Drugs used for the treatment of cardiovascular
disorders have been particularly implicated, and of these pro-
cainamide is prominent (Ladd, 1962; Fakhro et al., 1967).
We report on three patients who developed an S.L.E. syn-
drome while being treated with an adrenergic beta-blocking
agent, practolol, for angina pectoris. We also describe our at-
tempts to elucidate the mechanism of the lupus syndrome in-
duced by practolol. These suggest the possibility that prac-
tolol therapy may interfere with lymphocyte triggering and
thereby induce aberrations in the immunological reactivity of
patients receiving the drug.
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Case 1

A woman of 54 presented in November 1970 with a five-year
history of angina and progressive deterioration over the previous
six months. Her E.C.G. showed ischaemic changes, and treatment
with sorbide nitrate and practolol was begun. The dose of practo-
lol was increased at successive outpatient visits until her angina
was controlled at a dose of 600 mg daily in January 1971, later
reduced to 300 mg daily in April. In June she began to complain
of painful swelling of the proximal interphalangeal joints of both
hands. This was thought on clinical grounds to be rheumatoid
arthritis, and she was treated with phenylbutazone and soluble
aspirin. Her symptoms persisted, however, and she developed
painful swelling of her wrists and knees. In August she developed
an erythematous rash over her trunk, arms, and legs, particularly
on the exposed surfaces, and a pyrexia of 38'C. A diagnosis of
drug-induced S.L.E. was made, and she was admitted to hospital
for treatment. On admission there was tendemess and swelling of
the painful joints and her E.S.R. (Westergren) was 50 mnm in the
first hour, but her blood count was normal. Latex test for rheu-
matoid factor was negative. The test for antinuclear antibody was
positive at a titre of 1/80 and large numbers of lupus erythe-
matosus (L.E.) cells were found in her blood. X-ray pictures of
her hands and feet showed nothing abnormal apart from soft-
tissue swelling, and a intravenous pyelogram was normal.

Extensive investigation failed to show any abnormnality of liver
or renal function, and her serum proteins were normal. The
practolol was stopped, and theie was a rapid symptomatic im-
provement. However, her E.S.R. remained high, she continued
to have large numbers of L.E. cells in her blood, and her small-
joint arthralgia persisted. Towards the end of October she was
started on prednisolone with a dramatic improvement in her
syptonms and laboratory tests. The dose of prednisolone was
gradually reduced and finally stopped in October 1972. Repeated
testing of renal function was consistently normal and in view
of this a renal biopsy was not performed. The clinical course is
summarized in fig. 1.
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FIG. 1-Clinical features of case 1 with practolol-induced S.L.E.

Case 2

A woman of 62 presented in December 1971 with a history of
angina of five years' duration. Her syMptoms had become pro-
gressively more severe over three months, and she was severely
incapacitated. Her E.C.G. showed ischaemic changes, and she was
moderately hypertensive with a blood pressure of 180/110 mmg Hg.
She was treated with bed rest and practolol 200 mg three times a
day, with noticeable improvement of her symptoms. Renal function
tests and an intravenous pyelogram showed nothing abnormal. She
was discharged after two weeks with a blood pressure of 140/80
mm Hg. On resuming normal activities she again experienced
severe angina, and the dose of practolol was progressively in-
creased to 300 mg four times a day. She was readmitted to
hospital in January 1972 with severe angina. Consequently, in
February aorta-coronary bypass grafts to the right coronary and
anterior descending arteries were performed at Harefield Hospital.
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In the postoperative period she developed prolonged bouts of
supraventricular tachycardia which were eventually controlled with
practolol 200 mg three times a day. She was discharged in March
on this regimen and free of anginal pain. In May she began to
complain of vague pains in both shoulders which were thought to
be due to cervical s,pondylosis. However, they did not respond
to treatment with analgesics and iphysiotherapy and in June she
developed pain and swelling of the proximal interphalangeal joints
and ankles. She was receiving digitalis and diuretics but not other
drugs known to induce S.L.E. The diagnosis of practolol-induced
S.L.E. was made and she was admitted to hospital for further
investigation.
Her E.S.R. was raised at 37 mm in the first hour and L.E.

cells were present in moderate numbers. Antinuclear antibody was
detected at a titre of 1/80. The latex test for rheumatoid factor
was negative, and the results of repeated tests of liver and renal
function were normal. Joint x-ray pictures showed nothing ab-
normal. The practolol wvas stopped, but since the arthritis did not
improve and L.E. cells were still present despite a fall in E.S.R.,
prednisone 5 mg three times a day was started. After three weeks
the E.S.R. again rose and she developed a widespread urticarial
rash with a pyrexia of 38'C. A sensitivity reaction to prednisolone
was suspected, and all treatment was stopped. Her temperature fell
to normal and her E.S.R. once more subsided. Over a period of
six months her arthritis steadily improved but she continued to
have demonstrable L.E. cells and appeared to have developed an
acute sensitivity to all drugs, reacting to even small doses of
analgesics with an urticarial rash. No renal biopsy was performed.
The clinical course is depicted in fig. 2.
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FIG. 2-Clinical features of case 2.

Case 3

A nmn aged 73 presented in July 1971 with a three-year history
of angina which eventually confined him permanently to his home.
His E.C.G. showed pronounced ischaemic changes and at this time
his blood count was nornal, ES.R. 22 mm in the first hour. After
starting practolol 100 mg three times a day and trinitrin, but not
other drugs, his symptoms markedly improved, though in August
the dose of practolol had to be increased to 200 mg three titnes
a day in order to secure adequate remission.

In December, six months after practolol was introduced, anti-
nuclear antibody was noted in the blood at a titre of 1/40. Sub-
sequently he suffered successive episodes of left ventricular failure
requiring digoxin and diuretics, and in June 1972 he developed
constant aching pain in both shoulders and the left arm. He was
admitted to hospital in left ventricular failure and with a pyrexia
,f 38 5'C. A chest x-ray picture showed consolidation of the right
lower lobe, and he was thought to have had a pulnonary embolus.
His blood urea was 12-4 mmol/l. (normal 2-5-6 5). He was treated
with vigorous diuretic therapy, intravenous heparin, and ampicillin
500 mg six-hourly. He made a good response to this treatment and
his chest x-ray appearances rapidly improved, but he continued to
complain of pain of the left shoulder and his E.S.R. rapidly rose
to 120 mm in the first hour as the signs of left ventricular failure
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receded. L.E. cells were found in the blood, while the antinuclear
antibody titre rose to 1/320.

Acoordingly, practolol was stopped. His shoulder pain rapidly
disappeared and his E.S.R. fell to normal levels in the succeeding
months. Subsequently, L.E. cells were not found but his anti-
nuclear antibody titre persisted at 1/80. Since his left ventricular
failtire was controlled there has been no evidence of renal disease
and his blood urea fell to 6-4 mmol/l.

Laboratory Methods

Blood for L. E. cells was tested by the method of Delaney and
Garratty (1969). Antinuclear antibody was detected by im-
munofluorescence using calf thyroid as substrate, serial dilu-
tions of test sera, and fluorescein-labelled goat antihuman Ig
antiserum (Holborrow and Johnson, 1964). Blood was exam-
ined for anti-DNA antibody by the method of Hughes et al.
(1971). Serum complement was measured as total haemolytic
activity (Fischer, 1967).
Lymphocyte Transformation.-Lymphocytes were isolated
from heparinized blood by treatment with plasmagel (Roger
Bellon, Neuilly, Seine, France) and centrifugation of the
supernatant fluids on Ficoll-Triosil gradients. Cultures of 0-2
x 106 lymphocytes in 0-2 ml medium were set up at least in
triplicate in microtitre plates (Cooke Engineering Co.) using
RPMI 1640 medium, to which were added penicillin, strepto-
mycin, L-glutamine, NaHCO3 2-0 gl 100 ml, IM HEPES 2-0
ml%, and pooled normal human serum, 10%. Mitogens were
added in the following range: Phytohaemagglutinin (Bur-
roughs Wellcome) 0-3-5-0 ,ug/culture, concanavilin A (Calbio-
chem) 0-5-5 0 ,ul/culture, and pokeweed mitogen (Gibco) 0-5-
5 0 ul/culture. Attempts to stimulate lymphocytes with prac-
tolol were made in a dose range from 1 ,ug to 10 ,.tg/culture
of a preservative-free preparation of the drug. Cultures were
labelled by adding 0-01 jig of '4C thymidine of specific activ-
ity 62 mCi/mmol (Radiochemicals, Amersham) after 48 hr to
mitogen-stimulated cultures and after six days to cultures
containing practolol. After a further 24 hr the cell buttons
were transferred to Whatman filter pads, washed successively
with buffered saline, tricholoracetic acid, and absolute metha-
nol and then counted in a Phillips liquid scintillation counter.
The variation between identical cultures did not exceed 10%.
Blood from all three patients was tested on at least two occas-
ions with consistent results.

Rosette Test for an Immune Reaction to Practolol.-Lym-
phocytes were tested for immune receptors for practolol by
the rosette technique described by Perrudet-Badoux and Frei
(1970).

Results
DNA precipitating antibody was not detected in any of these
patients and no reduction in serum complement was evident
by measurement of total haemolytic activity. Attempts to
show specific immunological sensitization to practolol by the
lymphocyte transformation test were unconvincing, since, at
best, only a two-fold increase in 14C-thymidine incorporation
compared with control cultures was achieved, and then in-
consistently. Antibody receptors for practolol were not detec-
ted on lymphocytes by rosette formation with coated red cells.
On the other hand, lymphocytes from all three patients
responded abnormally to mitogens in vitro (fig. 3). These res-
ponses the compared with those of lymphocytes from patients
with ischaemic heart disease who were not receiving prac-
tolol, and which were not significantly abnormal (A. M. Den-
man, unpublished observations, 1973). Lymphocytes from
case 1 responded to the highest concentration of phytohaemag-
gludnin only, and at all concentrations of concanavilin A and
pokeweed mitogen which were tested. The response of lym-
phocytes from case 2 was still more defective, while cells
from case 3 were totally unresponsive to all three mitogens.
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FIG. 3--Practolol-induced S.L.E. In-vitro response of lymphocytes, 0-2 x106/culture, to varying concentration of mitogens. PHA =Phytohaemag-glutinin. Con. A=Concanavilin A. P.W.M.=Pokeweed mitogen, *-@e=Case 1. X~- =Case 2. o--o=Case 3. A-A=Mean ±S.D. in
10 patients with ischaemic heart disease not receiving practolol. Controls are
unstimulated cultures.

Discussion

The temporal relation between the administration of practolol
and the onset of the S.L.E. syndrome makes it likely that this
drug was responsible. Some form of specific in-vitro test for
hypersensitivity would have been desirable to confirm this
impression but false-negative results are common with tests
such as lymphocyte transformation which depend on a direct
immunological response to the drug itself. Moreover, this
may not be the mechanism of hypersensitivity. Our patients
showed most of the features characteristic of drug-induced
S.L.E.-namely, normal serum complement and gamma-
globulin levels, absence of renal involvement (Fakhro et al.
1967), and antinuclear antibody detectable by fluorescence
without DNA precipitating antibody (Hughes, 1971). The
persistence of antinuclear antibody after withdrawing prac-
tolol is also compatible with a diagnosis of drug-induced
S.L.E. (Bodman et al. 1967; Alarcon-Segovia, 1969).

Similarly the clinical features may persist when the offend-
ing drug is withdrawn and often require treatment with
steroids (Dubois, 1969; Swarbrick and Gray, 1972).
The pathogenesis of the S.L.E. syndrome induced by prac-

tolol is unknown, but several possibilities deserve scrutiny
because of the light that might be thrown on the spontaneous
disease. We have not found any convincing immunological
response to the drug itself, and it is of interest that natural
antibodies to procainamide are less prevalent in patients with
S.L.E. induced by this drug than in other groups (Russell and
Ziff, 1968). Possibly more sensitive techniques are needed.
The pharmacological action of practolol, a beta-adrenergic

blocking agent, may also be relevant to the pathogenesis of the
S.L.E. syndrome since lymphocytes possess receptors which
may be vulnerable to blockade by this drug. It is already clear
that cholinergic agents and their inhibitors modulate the in-
vitro activity of lymphocytes with respect both to transforma-
tion by mitogens (Hadden et al., 1970; Parker et al., 1970)
and to their cytotoxic activity against target cells (Strom et al.,
1972).
Though practolol is only marginally suppressive in these

and related systems in vitro (A. M. Denman, unpublished ob-
servations, 1973), our results indeed show that lymphocyte
transformation was impaired to some extent in all three of
our patients with S.L.E. induced by this drug. In this context
it is well recognized that dose-response curves are some-
times necessary to show such impairment (Hosking et al.,
1971). Impaired lymphocyte transformation in vitro would
be expected to reflect some degree of immunosuppression in
vivo. Furthermore, diphenylhydantoin, which provokes the
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S.L.E. syndrome (Wilske et al., 1965) is demonstrably im-
munosuppressive in vivo (Sorrel et al., 1971).
We can hypothesize that practolol, by selectively inactivat-

ing T-lymphocyte populations which normally control the
emergence of lymphocytes with autoimmune propensities (Al-
lison et al., 1971), thereby triggers the S.L.E. syndrome. Fur-
ther studies will be needed to test this idea.

We are grateful to Dr. Valerie Jones for measurement of serum
complement activity, and Dr. Graham Hughes, who examined the
sera for anti-DNA antibody. We thank Mr. Brian Pelton for skilled
technical help. The preservative-free practolol was supplied by
I.C.I. Ltd.
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Australia (Hepatitis-Associated) Antigen in Patients
Attending a Venereal Disease Clinic
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Summary
A total of 1,650 patients attending the venereal disease de-
partment at St. Mary's Hospital, London, have been tested
for Austalia antigen. Twenty-three positive results were ob-
tained, or 1-39%, which is more than 10 times the rate noted
by others in blood donor populations in the U.K and U.S.A.
The positive rates among female patients and European male
heterosual patients were 036% and 0-19% respectively.
High rates were obtained for homosexual patients (3 8%) and
non-European heterosexual patients (341%). The reasons for
the higher rates found in these groups merit further study.

Introduction
On present evidence, any person carrying Australia antigen
must be regarded as potentially infectious. While it may not
be possible to screen all hospital admissions for carriage of
the antigen it is surely important to recognize certain "high
risk" groups of patients, particularly if the hospital incorpor-
ates a haemodialysis or renal transplant unit. Most of the
published figures for Australia antigen carriage refer to blood
donor populations, and there is some evidence that the rate is
higher among hospital admissions (Lous et al., 1970).

Narcotic addicts (Nordenfelt et al., 1970; Hunter
et al., 1971) and commercial blood donors (Cherubin and
Prince, 1971) are examples of recognized "high risk" groups,
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and there is a rapidly increasing amount of data showing high
carriage rates in countries outside the U.S.A. and western
Europe.
We present the results of a preliminary survey of patients

attending a large venereal disease clinic.

Patients and Methods

Serum specimens which had previously been investigated
serologically for venereal disease were tested for Australia
antigen by the techniques of imnmunoelectro-osmophoresis
(Pesendorfer et al., 1970) and gel diffusion (Ouchterlony). A
rabbit antiserum to Australia antigen (Behring) was used in
both systems.

Before testing, the sera had been inactivated at 56?C for 30
minutes for the Wassennann reaction test. All positive re-
sults for Australia antigen were confirmned by testing unheated
serum A total of 1,650 sera were examined in the preliminary
survey, and follow-up tests of specimens were carried out on
several of the patients found to be carrying the antigen.

Results

Of the 1,650 patients, 1,097 were men and 553 were women.
Twenty-three of them (21 men and two women) were posi-
tive for Australia antigen, giving an overall rate of 1-39%
(table I). We were impressed by the fact that 12 of the posi-
tive male patients were homosexuals (table II). Further ana-
lysis shows a grouping of positive patients into two main cate-
gories-European homosexuals (11/282) and non-European
heterosexuals (8/259) (table III). The positive rate among
European heterosexuals and female patients is not signifi-
cantly different from results of surveys on other European
populations (Lous et al., 1970).
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