
430 BRITISH MEDICAL JOURNAL 22 FEBRUARY 1975

graft survival of skin in pregnant women (Andresen and
Monroe, 1962). Our findings further indicate that this reduction
in T-cell response in pregnancy is no longer obvious seven days
after delivery.
Our observation that the depressed maternal lymphocyte

response to PHA returned to normal after washing the cells
and removing autologous plasma from the culture provides
direct evidence of an inhibitory factor in the mother's own
plasma. Seven days after delivery, however, the effect of the
inhibitor was not apparent. Pregnant sera may suppress the
PHA response of normal adult lymphocytes (Walker et al., 1972;
St Hill et al., 1973; Leikin, 1972). Various hormones, including
corticosteroids (Whitfield et al., 1968), progesterone (Munroe,
1971), oestrogen (Waltman et al., 1971), and chorionic gonado-
trophin (Kaye and Jones, 1971), show immunosuppressive
properties. Depressed lymphocyte response to PHA in women
taking oral contraceptives also suggests a nonspecific oestrogen
or progesterone action (Hagan and Forland, 1972; Fitzgerald
et al., 1973; Barnes, 1974). Carcinoembryonic antigen (Gold,
1967), a-globulin (Cooperband et al., 1968), placental glyco-
protein (Riggio et al., 1971), and c-fetal protein (Purves and
Geddes, 1972) have also exhibited immunosuppressive pro-
perties.

Spontaneous blast transformation of cord-blood lymphocytes
in control cultures without PHA has been reported to be higher
(Leikin et al., 1968; Pulvertaft and Pulvertaft, 1966), similar to
(Jones, 1969), and less than (Lindahl-Kiessling and Book, 1964)
that of adult lymphocytes. Recent studies of DNA synthesis
with radioactive tagging showed significantly higher back-
ground counts for unstimulated cells in cord-blood samples
than for adult control cells (Montgomery et al., 1973) and our
present and earlier observations (Campbell et al., 1974) also
confirmed this.

Reports on the mitotic response of cord-blood lymphocytes
to PHA are also conflicting. Some workers found their PHA
respo?ise lower than that of adult lymphocytes (Jones, 1969;
Montgomery et al., 1973; Ayoub and Kasakura, 1971), and
others have shown them to parallel that of adult cells (Leikin
et al., 1968; Meuwissen et al., 1968). Others showed that the
response of cord-blood lymphocytes was higher than that of
adult control lymphocytes (Lindalh-Kiessling and B6ok, 1964;
Campbell et al., 1974). Our results confirm these latter reports
but only when the cells were cultured with autologous plasma
removed. This inhibitory effect of newborn plasma on the
infants' own cells was not obvious seven days after birth. Fetal
sera suppress the PHA response of normal adult lymphocytes

(Ayonb and Kasakura, 1971) and it was postulated that separate
molecules were responsible for the inhibitory effect in maternal
and fetal sera (Kasakura, 1971). A recent study, however,
suggested that fetal serum has a greater depressive action than
maternal serum and hence the inhibitor may be derived from
the fetal-placental unit (St Hill et al., 1973). The nature of the
inhibitory factor is unknown and further studies are required to
clarify its nature and source of this plasma inhibitory factor-
as well as its role in the survival of the fetal allograft in human
pregnancy.
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Summary

The effects of inhaling 200 Fzg of salbutamol were
compared with those of inhaling 40 sg of ipratropium
bromide singly and in combination with salbutamol in

University Department of Medicine, Foresthull, Aberdeen AB9 2ZD
G. R. PETRIE, M.B., M.R.C.P., Research Fellow
K. N. V. PALMER, M.B., F.R.C.P., Reader in Medicine

eight patients with bronchitis and eight asthmatic
patients in a double-blind controlled trial. Changes in
airways resistance were assessed by measuring the forced
expiratory volume in 1 second and specific airways
conductance. Both drugs were significantly better in
relieving airways obstruction than placebo. Salbutamol
was significantly more effective than ipratropium
bromide in patients with asthma, but in the patients
with bronchitis there was no significant difference
between salbutamol and ipratropium bromide. The
combination ofthe two drugs produced a slightly greater
and longer response than either drug alone but this was
not significant.



BRITISH MEDICAL JOURNAL 22 FEBRUARY 1975

Introduction

A bronchodilator effect to anticholinergic drugs such as atropine
is commonly seen in bronchitic patients, and whereas asthmatic
patients respond poorly to atropine they respond better to
adrenergic *receptor stimulant drugs such as isoprenaline
(Crompton, 1968; Altounyan, 1964). In patients with chronic
bronchitis inhalation of 40 ,tg of the new anticholinergic drug
ipratropium bromide (Sch 1000, Boehringer Ingleheim) pro-
duced stronger and more persistent bronchodilation than the
inhalation of 200 ,g of salbutamol (Poppius and Salorinne,
1973). This difference in response to anticholinergic drugs
between bronchitis and asthma has been used to distinguish
between allergic and non-allergic airways obstruction (Altoun-
yan, 1966). We compared the effect of inhalation of ipratropium
bromide with salbutamol in asthmatic and bronchitic patients
in a placebo-controlled study.

Patients and Methods

Eight men with chronic bronchitis and eight patients with chronic
asthma were studied (table I). All gave their informed consent, and
women of child-bearing age were excluded. None of the brondhitic
patients had sputum or blood eosinophilia whereas all the
asthmatic patients did. The bronchitic patients were or had been
cigarette smokers, but none of the asthmatic patients smoked. The
clinical diagnosis of bronchitis was based on the Medical Research
Council's questionnaire on respiratory symptoms (Medical Research
Council, 1965) and that of asthma was based on criteria laid down
at the Ciba Foundation Symposium (1971). No patient had received
corticosteroids or sodium cromoglycate, and bronchodilators or
other therapy were discontinued for 12 hours before each ex-
periment. The patients visited the laboratory on four consecutive
days at 9.00 a.m. to exclude the effect of diurnal var:ation in
ventilatory function. Each day baseline measurements of the forced
exp ratory volurre in 1 second (FEVI) and specific airways con-
ductance (SGaw) were made. The FEV1 was recorded in millilitres
(amibient temperature and pressure saturated with water vapour
(ATPS)) from the best of three spirograms obtained with a dry-
wedge spirometer. Airways resistance (Raw) and thoracic gas
volumte were measured simultaneously in a constant-volume body
plethysmograph and the results were expressed as a snecific air-
ways conductance (SCGaw), which is the reciprocal of airvways
resistance per litre of thoracic gas volume. SGaw was expressed in
nil sl kPa'1 1-1 (ml/sec/cm H,0/lx 10) and each reading was the
mean of three determinations.

TABLE I-Mean Values (and Ranges) for Age Height Weight and Spirometry
for Asthmatic and Bronchitic Patients

Asthmatic Patients Bronchitic Patients

No. of Patients 5 M. 3 F. 8 M.
Age (years) 46 (22-83) 64 (49-71)
Height (m) 1-63 (1-50-1-78) 1-69 (1-59-1-84)
Weight (kg) .. 62-5 (93 0-47-0) 66-5 (49-0-74 0)
FEV, (ml ATPS) 1320 (600-2900) 1110 (550-1950)
FVC (ml ATPS) .. 3660 (2150-5080) 2380 (1700-3450)

For statistical analysis the logarithms of SiGaw were used since
the distribution of this measurement is log normal, or skewed
(Guyatt and Alpers, 1968). After baseline measurements, which
were all stable, ipratropium bromide 40 ug and placebo, salbutamol
200 ,ug and placebo, ipratropium bromide 40 pg and salbutamol
200 p g, or p!acebo and placebo inhalations were given from
identical aerosol canisters in balanced randomized order. The effects
of the drugs on FEVi, SGaw, pulse rate, and blood pressure were
measured at 15, 30, 60, 120, 180, and 240 minutes after the drug.
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On a separate occasion the response to atropine followed by
isoprenaline was measured. The basal FEV1 was measured and
measured again one hour after the aerosol inhalation of 0 2%
atropine methonitrate from a Collison inihaler operating at a flow
rate from a cylinder containing air at 8 I/min. Five minutes later
1% aqueous isoprenaline was given in a similar way and the
FEV1 was measured. The percentage atropine response was ex-

pressed as

( rise in FEV1 (ml) after atropine x 100
rise in FEV1 (ml) after isoprenaline

Patients who have an atropine response of greater than 75% are
more likely to have non-allergic airways obstruction (Altounyan,
1964).

Results

The rise in mean FEV1 from the basal level for the asthmatic
and bronchitic patients with the various combination of aerosols
is shown in table II, and in SGaw in table III. Statistically the

TABLE II-Rise in Mean FEV1 from Basal Reading (ml A TPS) in Asthmatic
(A) and Bronchitic (B) Patients

Ipratropium
Bromide Plac

Time (min) and an
Salbutamol Plac,

-ebo
d
ebo

Ipratropium
Bromide

and
Placebo

Salbutamol
and

Placebo
I___________________

A B B I A I B

Basal 1100 1140 1028 1078 1040 1116 983 1115
15 552 192 48 31 148 86 657 151
30 605 177 -2 42 180 89 670 157
60 685 197 43 20 300 149 695 195
120 620 197 143 37 328 165 652 151
180 543 224 178 1 312 169 497 159
240 483 174 86 10 317 90 448 116

TABLE III-Rise in Mean SGaw (ml s-I kPa-1 1-1)* in Asthmatic (A) and
Bronchitic (B) Patients

Time (min)
Ipratropium
Bromide

and
Salbutamol

A B

Placebo
and

Placebo

A B

Ipratropium
Bromide

and
Placebo

A B

Salbutamol
and

Placebo

A B

Basal 218 352 219 308 236 296 180 316
15 449 169 - 15 16 93 167 256 183
30 354 227 -053 15 90 179 269 193
60 433 174 045 16 124 201 259 186
120 313 187 18 46 65 202 163 215
180 129 185 -11 41 73 161 125 153
240 154 216 -20 11 35 185 85 127

* Normal range for SGaw 1140-4140 ml s-5 kPa- 11 (114-414 ml/sec/cm H2O/1).
Conversion: SI to Traditional Units
1 ml s- kPa- 1-1 = 01 ml/sec/cm H,O/1.

mean improvement was assessed by subtracting the predrug
reading from the average of six readings after the inhalations,
the changes on placebo being substracted from these results.
The changes with the drug combinations are shown in table IV.
Both drugs were much more effective than placebo, especially
in patients with asthma, as the mean values were several times
greater than the standard errors. Salbutamol was significantly
better than ipratropium bromide (P <0 05) in asthmatic
patients whether FEV1 or log SGaw was used as the criterion.
The bronchitic patients showed a slightly greater rise in mean

TABLE IV-Mean Changes (IS.E.) in FEV1 and Log SGaw over 240 Minutes after Drugs or Placebo compared with Baseline Measurements in Asthmatic (A)
and Bronchitic (B) Patients

Placebo and Placebo Salbutamol and Placebo Ipratropium Bromide Ipratropium Bromide
and Placebo and SalbutamolI~~~~~~~~~~~~~~~~~

FEyV (ml ATPS)
Log SGsw (ml s-I
ka -1 (-1)

~l
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SGaw after ipratropium bromide than after salbutamol but the
difference was not significant. The combination of the two drugs
produced a slightly greater and longer response than either
alone, but the effect was not significant. Neither drug has any
more effect on pulse rate or blood pressure than placebo. The
mean results of the atropine tests differed significantly between
the bronchitic (85-4%) and the asthmatic groups (47 4%;
P <0.01).

Discussion

These results show that both salbutamol and ipratropium
bromide have a pharmacological bronchodilator action in
asthmatic and bronchitic patients. The effect of salbutamol is
significantly greater in asthmatic patients, however, than in
bronchitic patients. In asthmatic subjects Lahdensuo et al.
(1973) found a larger mean increase in peak expiratory flow
after salbutamol than after ipratropium bromide. In spite of
the fact that the atropine test clearly separated the asthmatic
and bronchitic patients, suggesting that bronchitics respond
better to anticholinergic than to beta-adrenergic stimulant
drugs, there was no significant difference in the responses of
the bronchitic patients to either drug. This may be because
bronchitic patients respond less well to bronchodilator drugs in
general, and therefore differences in response are harder to
prove. Possibly the two drugs might be effective in different

patients but since the response to ipratropium bromide and
salbutamol was highly correlated this did not seem to be the
case. The atropine test separated well patients with non-allergic
and allergic airway obstruction. It did not give an indication,
however, of the individual response of the patient to the drugs.
The combination of the two drugs produced a slightly greater
and more prGlonged response than either alone.

In conclusion, in asthma salbutamol aerosol is more effective
than ipratropium bromide whereas both drugs have a comparable
bronchodilation effect in bronchitics.

We thank Professor David Kerridge for statistical advice and
Boehringer Ingleheim Ltd. for supplying ipratropium bromide.
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Depression of Bone Marrow Colony Formation in
Gold-induced Neutropenia
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Summary

Bone marrow culture in semi-solid agar was used to
assess the proliferative activity and the response to
sodium aurothiomalate of the myeloid precursor cells
from patients during and after recovery from neutro-
penia associated with the use of this drug. Colony
formation was reduced during the neutropenia and
returned to normal after recovery. The rheumatoid
process itself did not impair colony formation even in
patients with Felty's syndrome. Sodium aurothiomalate
inhibited colony formation by normal marrow in a dose-
dependent manner. Bone marrow colonies from patients
who had recovered from neutropenia induced by sodium
aurothiomalate were not abnormally sensitive to the
inhibitory effect of the drug in vitro. The metabolism of
gold is probably altered in a small proportion of patients,
which causes high local concentrations within the bone
marrow leading directly to marrow depression.
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Introduction
Idiosyncratic agranulocytosis and neutropenia may be caused
by a variety of therapeutic agents, and from the limited data
on the mechanism of agranulocytosis Pisciotta (1973) proposed
a classification into two types. Type I, best exemplified by
amidopyrine sensitivity, occurs shortly after ingestion of a little
drug in a patient sensitized by its previous administration and
causes a precipitous decline in the neutrophil count. Leuco-
agglutinins are found, there is immunological destruction of
peripheral neutrophils. Type II reactions differ: they occur
during continuous treatment with a drug and are associated
with bone marrow depression and interference with granulocyte
production. Reintroduction of the drug after recovery does not
cause immediate decline of neutrophils. Pisciotta (1973)
suggested that this type of agranulocytosis is secondary to a
specific biochemical defect in the patient and is best exemplified
by chlorpromazine sensitivity, and he has shown that the bone
marrow of patients who have recovered from chlorpromazine
sensitivity incorporates radioactive precursors into nucleic acids
more slowly than control marrow. Colony formation in the
agar culture system is decreased and more of the cells are in the
G1 phase of the cell cycle. He suggests that treatment with
chlorpromazine in patients with inherently reduced marrow
proliferation results in agranulocytosis.
Bone marrow depression is an uncommon but a serious side

effect of gold therapy for rheumatoid arthritis. In one series
27% of 55 cases of thrombocytopenia, neutropenia, or aplastic
anaemia caused by gold salts were fatal (Kay, 1973). Gold-
induced neutropenia has many features of a type II reaction: it
occurs usually after weeks of therapy with a slow decline of
neutrophil numbers, and therapy can often be continued after


