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Mean (+ SD) alveolar carbon dioxide tension, carbon dioxide output, and alveolar ventilation in placebo- and naloxone-treated babies up to 48 hours after delivery

Time (hours) Alveolar Pco2 (kPa) CO2 output (ml/min/kg)* Alveolar ventilation (rnlrmin/kg)t
Placebo Naloxone P Placebo Naloxone P Placebo Naloxone P

5-6 ± 1-0 4-7 0-6 002 7-1 1-0 765 ± 13 03 150-27 ± 379 1850 ± 376 002
4 5-6 + 0 9 5-4 + 0 7 0-4 5-8 + 1-4 5-87 + 2-8 0 97 122-1 + 39.0 135-6 + 104 0-7
8 5-3 - 05 5-2 0 5 0 6 6-0 ± 1-4 6-05 1-7 0-98 134-2 40-6 136-0 44-4 0 9
12 5-4 0-6 5-2 ± 05 0 5 6-1 + 1-3 6-27 1-7 0 9 133-1 32-3 140-8 ± 499 0-6
24 50 i 05 5-1 ± 04 07 6-8 ± 1-2 6-67 1-4 07 157-8 ± 370 148-6 21-1 05
48 51 + 05 50 + 06 09 662 + 11 701 + 14 02 1450 + 367 1608 + 36-1 03

* Standard temperature and pressure, dry. t Body temperature and pressure, saturated.
Conversion: SI to traditionial itnits-Pco.: 1 kPa _ 7-5 mm Hg.

Habituation to an auditory reflex was measured with a sound of
85 dB around a band at 2000 Hz. The sound, which had been recorded
from an audiometer on to a Sony TC-92 cassette recorder, lasted
for one second and was emitted at five-second intervals 15 cm from
the infant's ear. The rate of habituation was measured as the time
taken until the infant stopped reacting to the sound for five con-
secutive stimuli."
During a five-minute nutritive test feed, intraoral pressure was

measured using a specially made rubber teat with two channels
(1-2 mm each). One channel was connected to a pressure transducer
(National Semi-Conductors Ltd, No LX1602D) and integrated
amplifier, while the other channel supplied the feed (Cow and Gate
Milk No 1) from a graduated container, the upper level of which was
set at the infant's mouth. 12A flow-regulating glass capillary tube
(0 5 mm in diameter, 10 cm long) interposed a small resistance in
the feeding channel; the delivery of milk therefore depended on the
sucking pressure of the infant. Mean sucking frequency and mean
peak pressure were derived from the pressure recording. The mean
consumption of milk (ml min kg) was measured from the volume
emptied from a graduated container during a five-minute test feed.

Statistical analyses were performed using the t test from the
Statistical Package for Social Sciences' on a CDC 6600 computer at
the University of London.

Results

The placebo group consisted of 18 infants (mean birthweight
3300 ± 500 g) and the naloxone group of 10 infants (mean birthweight
3100±300 g). The difference in numbers arose because 50 ampoules
were prepared but the code was broken after 28 babies were treated.
The groups were similar in all important respects (table A*).

Ventilationt measurements-The alveolar Pco.. was significantly
lower 30 minutes after birth in the naloxone-treated infants (P = 002)
than in the saline-treated infants but not at any later period (see
table). Alveolar ventilation was significantly higher only 30 minutes
after birth in the naloxone group (P = 0-02). There were no important
differences in carbon dioxide excretion.
There were no important differences in either habituation to

auditory stimuli (table B) or feeding behaviour (table C).

*Copies of tables A-C are available on request from the authors.

Discussion

These results confirm the finding of Evans et all that naloxone
40 tg given intravenously at one minute after birth lowered
the alveolar Pco5 30 minutes after birth. By four hours, however,
and up to 48 hours after birth, there were no significant dif-
ferences between the two groups of infants in any ventilatory
measurement, feeding behaviour, or habituation to an auditory
stimuli.
These results in normal babies agree with those in adults,

in whom morphine-induced respiratory depression was reversed
for only 45 minutes by a single intravenous dose of 400 ,g
of naloxone. Since naloxone has a wide therapeutic margin,
its action might be prolonged by administering a large intra-
muscular dose (see part II) or repeated intravenous injections.
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Part I1-Intramuscular naloxone

Summary

Thirty full-term infants whose mothers had had pethidine
during labour were given either naloxone 200 tg or nor-
mal saline intramuscularly. The drugs were chosen
blindly and administered within one minute of birth.
Naloxone produced a significant reduction in mean
alveolar carbon dioxide tension and an increase in
carbon dioxide excretion and mean alveolar ventilation
at all times up to 48 hours after birth. The mean rate of
habituation to a repeated auditory stimulus, the mean
sucking frequency, the sucking pressure, and the mean
consumption of milk were all significantly higher in the

naloxone-treated group than in the placebo-treated
group up to 48 hours after birth. Intramuscular naxolone
therefore seemed to reverse the undesirable effects of
pethidine.

Introduction

Naloxone 40 ,tg when given intravenously to a newborn infant
reverses the depression caused by pethidine given to the mother
during labour. This effect, however, lasts for only about 30
minutes (see part I). We gave newborn infants a large dose of
intramuscular naloxone in an attempt to prolong this action and
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to determine whether the general pethidine-induced depression
of the nervous system' and feeding2 could be reversed.

Methods

The mothers and infants studied fulfilled the criteria described in
part I. The same measurements were performed under the same
conditions. The only difference was that naloxone 200 iug (0-5 ml) or
isotonic saline (0 5 ml) was administered intramuscularly into the outer
aspect of the infant's thigh within the first minute after delivery.

Results

Each group had 15 infants with similar characteristics (table I). The
mean dose of naloxone administered intramuscularly was 59 sig/kg.

TABLE I-Birth data of placebo- and naloxone-treated infants. Values are
means ± SD.

Measurement Placebo Naloxone P

Maternal pethidine dose (mmol) 0-63 1 0-22 0-55 - 0-06 0-2
Dose delivery interval, 1st dose (hours) 3-7 1-7 2-7 1-5 0-1
Umbilical venous pethidine, plasma

concentration (,umol/1) 1-17 ± 040 1-21 ± 040 0-7
Maternal venous pethidine, plasma

concentration (,umol/1) 1-61 0-80 1-41 - 0 40 0-4
Umbilical venous base deficit (mmol/1) -'52 4 19 - 4-7 2-3 0-5
Apgar score at 1 minute 8-4 4 0-7 8-6 0 5 0 3
Apgar score at 5 minutes 9-9 i 0-2 10 0 ± 000 0-3
Birth weight (g) 3-3 -i 0-4 34 i 03 0 6

Conversionz: SI to traditional un,its-Pethidine: 1 rmuol z 247 mg; 1 ,umol/ 1
z 247 ug/l. Base deficit: 1 mmol'l = 1 mEqll.

Ventilation measurements-There were highly significant differences
in nearly all measurements between the placebo- and naloxone-treated
groups at each period from 30 minutes to 48 hours. The difference in
mean alveolar Pco2 was 1 49 kPa (11 mm Hg) 30 minutes after birth,
10 kPa (7-5 mm Hg) at 12 hours, and 0 69 kPa (5 2 mm Hg) at 48
hours (table II; fig a*). Carbon dioxide excretion was significantly
higher only at half an hour, 4, and 48 hours.

Habituation to auditory stimuli-The times required to stop reacting
against repeated auditory sound stimuli were significantly shorter
at all test times in the infants who were given naloxone (table III,
fig a).

Feeding behaviour-There were significant differences between mean
sucking frequencies, mean peak sucking pressures, and mean milk
consumption for nearly every measurement period from 4 to 48 hours.
At 4 hours the mean milk consumption was nearly 100 % greater in the
naloxone-treated group than in the placebo group, and at 48 hours
the difference was 57 % (table IV; fig a).

Discussion

The intramuscular injection of 200 ,tg of naloxone had a pro-
found and prolonged effect on all the effects of pethidine studied.
Additional neurobehavioural measurements (to be reported)
support these findings. Indeed the values in the naloxone-treated

*Copies of fig are available on request from the author.
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TABLE III-Habituation to auditory stimuli up to 48 hours after birth. Results
are expressed as minutes to habituation.

Time (hours) Placebo Naloxone P

1-46 0 41 1 05 0 25 0-002
4 1.53 0 37 1 04 0-23 0 0001
8 1-62 052 1 17 031 002
12 1 65 0-52 1-27 0 38 0-03
24 1.53 0-58 1 12 0-36 0 03
48 1-37 0 40 1-08 - 0 27 0-03

babies were similar to those reported in babies born of mothers
who did not receive pethidine. For instance, at 24 hours, the
mean alveolar Pco, (±4 SD) of 4-4 -- 0-29 kPa (33 -4- 2-2 mm Hg
was not significantly different from that of infants whose
mothers had not received any drugs during labour (4 5 -t 0-36
kPa (34 ± 2-7 mm Hg)).3 In table V the feeding data of babies in
this study are compared with those of mothers who had had no

medication.4 Apart from the peak pressure there are strong
similarities between the values in the infants of unmedicated
mothers and those in the babies treated with intramuscular
naloxone.

It would have been valuable to have carried on the measure-

ments for a longer period. Multiparae usually leave hospital after
48 hours, however, and this limited the period of our observa-
tion. Furthermore, when planning the study we thought it
unlikely that differences would exist after 48 hours, since earlier
measurements indicated that 95°,) of pethidine is excreted
between 48 and 72 hours.
Even at the relatively high dose of 200 .tg naloxone, a duration

of action of 48 hours seems very long compared with the
30-minute duration of action produced by intravenous naloxone
in adults and neonates (see part I). There are at least two
possible explanations for this. Administration into the umbilical
vein results in a substantial dose going to the liver. The more

rapid breakdown by that route might account for the short
action of the intravenous naloxone. In adults,6 however, the
duration of action of naloxone injected into a peripheral vein-
about 20 to 40 minutes-was similar to that in neonates. This
does not, therefore, seem a likely explanation.
There were striking differences in milk consumption: the

naloxone-treated infants took nearly twice as much as the
controls 4 hours after birth, which must have substantially added
to their fluid and acid-load excretion. This would have speeded up
the excretion of pethidine, which is pH dependent. This mech-
anism seems to provide a likely explanation of the difference and
might be tested (although it might be considered unethical in a

normal baby) by giving extra feed through a nasogastric tube.
This study shows that it is possible to reverse the effects of

maternally administered pethidine on the neonate for at least
48 hours after birth by giving an intramuscular injection of
naloxone. A longer-term study will determine the extent to which
naloxone should be considered for babies who have hitherto
been regarded as normal.

We are grateful to Professor Mushin, Professor Mapleson, and
Professor Vickers for helpful criticism. We thank the clinicians and
nursing staff of the obstetric unit, University Hospital of Wales, for
their collaboration and help.

TABLE II-Mean (+ SD) alveolar carbon dioxide tension, carbon dioxide output, and alveolar ventilation in placebo- and naloxone-treated infants up to 48
hours after birth.

Time (hours) | Alveolar Pco, (kPa) CO2 output (ml/minkg)* Alveolar ventilation (ml/min/kg)t
Placebo Naloxone P Placebo Naloxone P Placebo Naloxone P

5-77 1-05 4-28 ± 039 0-0001 7-1 I- 1-1 8-4 1-2 0 005 146-7 ± 40-6 228-1 39-1 0-0001
4 5-81 0-89 4-53 ± 035 0-002 5-8 1-3 6-8 i 09 0-01 116-2 ± 32-8 175-8 + 29-9 0-001
8 5 30 ± 049 4 49 ± 035 0-0001 5 9 1-3 6-8 1-0 0-06 132-0 40.0 179-4 33-5 0-002
12 5-38 0-58 4-38 + 0-47 0-0001 6-2 - 1-2 7-1 ± 16 0 07 134-6 + 32-4 193-9 - 65-5 0004
24 5-12 ± 054 4-38 0-29 0-0001 6-7 ± 1-2 7-2 ± 1-0 0-3 153-2 38-0 190-0 28-2 0-006
48 5-14 0-65 4-45 0-29 0-001 6-2 1-0 7-5 1-2 0-006 143-2 38-1 194-4- 3599 0-001

Conversion: SI to traditional units-Pco,: 1 kPaz 7-5 mm Hg.
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TABLE IV-Mean (+SD) sucking rate, peak suicking pressure, and milk consumption in naloxone- and placebo-treated infants up to 48 hours after birth.

Mean sucking rate (sucks min) Mean sucking pressure (kPa) Mean milk consumption (ml/min/kg)

Time (hours) Placebo Naloxone P Placebo Naloxone P Placebo Naloxone P

4 23-9 21 7 42.8 10 4 0 009 4 57 j 2-34 6 91 1 54 0 004 0 31 t 0-2 0 61 + 0-2 0-001
8 29-6 19-3 44-1 11-3 0-02 4 98 2-93 6-55 1-62 0 09 0-32 0-2 0-6 + 0-2 0-002
12 17-1 17-0 44-6 - 6-2 0 0001 4 00± 3-84 6-90 ± 1-62 0-02 0-27 0-3 0 55 0-1 0-007
24 26 4 23-0 41 3 15-3 0-05 4 40 t 340 6-66 2-52 0-05 0 34 i 0 34 0-63 0-32 0-03
48 27 2 203 48 9 10-2 0001 5-59 7289 794 204 002 046 ± 24 072 ± 03 005

TABLE v-Mean (±SD) sucking rate, sucking pressure, and mnilk consumption at 24 and 48 hours after birth in infants from unmedicated moth ers4 and
naloxone-treated infants whose mothers had pethidine during labour.

Mean sucking rate (sucks min) Mean sucking pressure (kPa) Mean milk consumption (ml/min/kg)

Time after Unmedicated Naloxone Unmedicated Naloxone Unmedicated Naloxone
birth (hours) group group P group group P group group P

24 41 7 t 21 2 41 3 15 3 09 9-11 3-61 6-66 i 2-52 006 049 Az 0-25 063 ± 0-32 0-2
48 49-6 -t 212 48.9 10 2 0 9 10-7 3 19 7-94 i 2 04 0 01 0-58 + 0-25 0-72 ± 0-3 0-2

Copies of the unpublished tables and figure may be obtained from
Dr M Rosen, Department of Anaesthetics, University Hospital of
Wales, Heath Park, Cardiff CF4 4XW.
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SHORT REPORTS

Asthmatic attacks induced in
aspirin-sensitive patients by
diclofenac and naproxen

Some asthmatic patients get attacks after taking aspirin and certain
other analgesics. The chemical structures of these drugs differ, but
all strongly inhibit prostaglandin (PG) production.' We have studied
the effect of diclofenac and naproxen, two new non-steroidal anti-
inflammatory drugs, on lung function in aspirin-sensitive patients
and compared it with the ability of these drugs to inhibit PG cyclo-
oxygenase.

Patients, methods, and results

Eleven aspirin-sensitive asthmatic patients (six women and five men,
with a mean age of 39 years) consented to participate in the study. Three
were being maintained on corticosteroids but none was being treated with
disodium cromoglycate. All the patients were challenged with aspirin,
diclofenac, and naproxen by mouth. These tests2 consisted in clinical
observations and measurements of peak expiratory flow (PEF) over a four-
hour period after ingestion of each drug, beginning with the smallest dose
and increasing the dose on subsequent days until the patient reacted. The
dose sequence for aspirin and naproxen was 30, 40, 60, and 80 mg and for
diclofenac 5, 10, 20, and 25 mg. The drugs were tested for inhibition of
PG synthetase in bovine seminal vesicle microsomes as well as for binding
to bovine serum albumin.2

All the patients reacted to the challenge. The reactions began 20 to 240
minutes after ingesting the drug and consisted of rhinorrhoea, tightness in
the chest, wheezing, and dyspnoea. The fall in PEF ranged from 21 % to
64 %. The lowest doses of aspirin and naproxen that caused a reaction were
30 or 40 mg in eight patients, 60 mg in two, and 80 mg in one. The corres-
ponding doses of diclofenac were 10 mg in five patients, 20 mg in three, and
25 mg in three. Patients in whom very low doses of aspirin precipitated
dyspnoea also reacted to very low doses of diclofenac and naproxen. The
intensity of bronchoconstriction and the incidence of other adverse symptoms
were similar with all three drugs. The adverse reactions could all be
reversed within minutes or in up to one hour by isoprenaline or amino-
phylline or both. Three patients received additionally 75 mg hydrocortisone.

In five patients aspirin challenge was repeated after pretreatment with
sodium cromoglycate inhaled in a daily dose of 240 mg on two consecutive
days. This completely protected two sensitive patients and diminished the
reaction in three others.
The results of in-vitro tests are shown in the table.

Inhibition of prostaglandin synthetase in bovine seminal vesicle microsomes and
binding to bovine serum albumin by aspirin, naproxen, and diclofenac

PG-synthetase Albumin Calculated
Drugs inhibition binding relative activity

(IC50) (mnol/l) in vivo*

Aspirin .. .. 164 5600 1
Naproxen .. 13 4 1000 2-2
Diclofenac .. 042 1500 105

*Calculated by the method of Gryglewski.3 The predicted index of potency to
inhibit PG synthetase in vivo by each drug is the ratio of albumin binding to
PG-synthetase inhibition. Figures represent relative calculated activities of the
drugs in vivo.

Comment

Neither diclofenac nor naproxen should be given to aspirin-
sensitive patients. Both drugs inhibit PG biosynthesis in vitro, diclo-
fenac more so than naproxen or aspirin. Only analgesics which inhibit
PG biosynthesis produce bronchospasm in aspirin-sensitive patients.
The respiratory system generates both bronchodilator PGEs and
bronchoconstrictor PGFs, but in experimental animals mostly PGEs
are released during histamine-induced bronchoconstriction.4 We
believe that PGEs and not PGFs play an essential part in maintaining
the bronchial tone in aspirin-sensitive asthmatics.' 2
Removal of PGEs by PG synthetase inhibitors leaves the effects of

endogenous bronchoconstrictors unopposed. Furthermore, lack of
PGEs promotes the release of histamine in vitro.4 This mechanism
might be clinically important since aspirin challenge leads to a
significant rise in plasma histamine in aspirin-sensitive asthmatics.5
On the other hand, disodium cromoglycate, which inhibits the release
of histamine from mastocytes, protected our patients against broncho-
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