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The Antiviral Activity of the Isoquinolines Famotine
and Memotine in Respiratory Infections in Man

G. M. WILLIAMSON' & D. JACKSON2

A period of direct contact with a concentration of 20 lsg/ml or less of either famotine
(1- (p-chlorophenoxymethyl)-3,4-dihydroisoquinoline hydrochloride) or memotine (1- (p-
methoxyphenoxymethyl)-3,4-dihydroisoquinoline hydrochloride) inactivates myxoviruses
andparamyxoviruses. This activity has been confirmed in organ culture preparedfrom dog
trachea and infected with an influenza A2 virus.

Consistent protection of mice infected intranasally with influenza A/PR/8 has not been
obtained. Other viruses causing respiratory disease in man, in particular some rhinoviruses,
are susceptible during replication to the action of these compounds. Both compounds are
of low toxicity and well tolerated by man.

Trials in man have embraced challenge, prophylactic and therapeutic studies with both
oral and local administration. Challenge studies with influenza A2 and B viruses have
demonstrated that with some strains there is in the drug-treated groups a reduction in the
incidence of evidence of infection, sometimes significantly, and also a reduction of clinical
symptoms, the effect towards influenza B virus being the greater. Nasal instillation of
famotine reduced the incidence of clinical symptoms only following challenge with influenza
B virus and rhinovirus type 2. Oral prophylactic trials have been inconclusive, although
the nasal instillation of famotine did reduce somewhat the incidence of symptoms in a
small outbreak of influenza A2/Hong Kong/68. The number of therapeutic trials has
been too few and too small to evaluate conclusively the role of these agents in therapy of
acute respiratory illness.

Laboratory studies on the antiviral activity of
isoquinoline derivatives, in particular famotine,
1 -(p-chlorophenoxymethyl)-3,4-dihydroisoquinoline
hydrochloride (UK 2054), and memotine, l-(p-
methoxyphenoxymethyl)-3,4-dihydroisoquinoline
hydrochloride (UK 2371), have been the subject
of previous publications (Larin et al., 1967; Bram-
mer, McDonald & Tute, 1968; Coombes et al.3).
The chemical structure of these 2 compounds is
shown in the accompanying graphic formula.

I Head of Clinical Microbiology Department, Thera-
peutics Research Division, The Pfizer Group, Sandwich,
Kent, England.

2 Clinical and Microbiological Research Director, Thera-
peutics Research Division, The Pfizer Group, Sandwich,
Kent, England.

3Coombes, J. D., Brammer, K. W., Herbst-Laier, R. H.,
Larin, N. M., McDonald, C. R., Tute, M.S., Wickham, E. A. &
Williamson, G. M. (1969) Paper presented at the Second
Conference on Antiviral Substances of the New York
Academy of Sciences, 1969.

STRUCTURE OF FAMOTINE AND MEMOTINE

N.HCI

CH2O-0 /9R

R = - Cl in famotine
R = - OCH3 in memotine

Briefly, these 2 isoquinolines inactivate influenza A
and B viruses and some paramyxoviruses during a
period of direct contact with either compound at a
concentration of 20 jug/ml or less. In limited com-
parative studies of the inactiviting effect of the
2 compounds memotine at a concentration of
50 ,ug/ml was shown to be more active towards
influenza B virus than towards influenza A2 virus
and in respect of influenza B virus it was superior
to famotine. The activity of both compounds
towards influenza A2 virus was of the same order.
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TABLE I
THE SUSCEPTIBILITY OF INFLUENZA VIRUSES

TO MEMOTINE

Amount of virus inactivated
(logio EIDio)

Strain by a concentration (,ig/ml) of:

2.5 5 10 20 40

A/PR/8 0.2 2.0 2.2 3.4 3.2

A2/Japan/305/57 1.7 3.2 3.5 3.6 4.2

A2/Singapore/1/57 1.0 1.3 1.9 2.1 3.0

A2/Leningrad/4/65 1.2 1.9 2.8 2.9 2.9

A2/England/501/68 1.3 1.8 2.3 1.8 2.8

A2/Hong Kong/1/68 - 0.6 1.6 2.6 3.1

B/England/101/62 1.3 1.8 2.8 3.5 4.0

B/England/502/68 1.9 3.3 2.8 3.4 3.4

More recent studies with memotine at lower concen-
trations have confirmed these findings (Table 1).
However, Reed et al.,' using a different method of
assessment, found little difference between the levels
of susceptibility of a number of strains of influenza
A2 and B and parainfluenza viruses to the inactivat-
ing effect of memotine. The activity against influenza
A2 virus has been confirmed in organ culture pre-
pared from dog trachea. At a concentration of
20 ,tg/ml maintained for the whole experimental
period of 4 days both compounds reduced the yield
of influenza A2/Singapore/l/57, with famotine being
marginally the more active. Histological examina-
tion of the tracheal fragments at the end of the
experiment showed the respiratory epithelium to
have been protected from damage by the influenza
virus. Although both compounds were inconsistent
in their ability to prolong the mean survival time of
of mice challenged intranasally with influenza
A/PR/8, a significant (P = 0.05) increase was
demonstrated in approximately 50% of replicate
experiments. In addition, other viruses causing
respiratory disease in man, in particular rhinoviruses,
are susceptible, during replication, to the action of
these compounds. These laboratory findings,
coupled with the low toxicity of the compounds,
encouraged their further study in man. This paper

I Reed, S. E., Beare, A. S., Bynoe, M. L. & Tyrrell, D. A. J.
(1969) Paper presented at the Second Conference on Anti-
viral Substances of the New York Academy of Sciences, 1969.

summarizes the results of present clinical experience
with the 2 drugs.

In man 3 types of study have been carried out-
namely, challenge, prophylactic and therapeutic
studies.

CHALLENGE STUDIES

Both drugs were first evaluated in challenge
studies using in the first instance influenza B virus
strain B/England/101/62 for the study with memo-
tine (Beare, Bynoe & Tyrrell, 1968) and B/England/
13/65 for the study with famotine (Meenan & Hillary,
1969a). The drugs were administered orally in a
dose of 1 g-1.5 g (15 mg/kg-22.5 mg/kg) daily for
7-9 days and the volunteers were challenged intra-
nasally on the second or third day of treatment.
In the 5 studies in which influenza B/England/101/62
was used, the challenge material ranged from nasal
washings containing wild virus maintained by man-
to-man passage to one which had been passaged in
eggs 20 times. The dose of virus varied with its
passage history. In the study with B/England/13/65
the dose was 106 EID,o. The reaction to the chal-
lenge was assessed on the parameters of viral isola-
tion, antibody response and clinical reactions. With
both strains of influenza B virus and in a later study
with influenza B/England/502/68 (Reed et al.1) the
response to challenge was less in the drug-treated
than in the placebo-treated groups, although the
difference was not always statistically significant.
This effect was possibly greater with memotine
than with famotine, thus paralleling the laboratory
findings (Table 2).

In similar challenge studies with influenza A2
viruses (Table 2), only in that in which the oldest
strain, A2/Leningrad/4/65, was used had memotine
any significant effect (Beare, Bynoe & Tyrrell, 1968;
Reed et al.1). No drug effect with the 2 recent
influenza A2 strains-A2/England/501/68 and A2/
Hong Kong/1/68-was evident, although these
3 viruses are inactivated to approximately the same
degree (Table 1) (Reed et al.1). Likewise in one
study with parainfluenza virus type 2, strain D.T.,
no effect was evident (Reed et al.1) (Table 2).
An effect in man towards some myxoviruses having

been elicited, attention was turned to another group
of respiratory viruses, namely, rhinoviruses. Here
studies were limited to famotine, for this compound
was marginally more active than memotine in a
plaque-inhibition test in HeLa (Ohio) cells (Tablp 3).
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TABLE 3
THE ACTIVITY OF FAMOTINE AND MEMOTINE AGAINST
SEVERAL TYPES OF RHINOVIRUS PROPAGATED IN
HeLa (OHIO) CELLS EXPRESSED AS PERCENTAGE

PLAQUE INHIBITION

Con- Rhinovirus type
Compound centra-tion

(jg/mi) I1A 2 3 9 14 15 35

10 0 75 45 28
FamotineI

15 0 89 33 100 74 54 63

10 0 i34 38
Memotine 1

15 0 77 5 100 58 67 52

Of the serotypes examined, rhinovirus 9 was the
most sensitive to famotine. This was confirmed by
Reed et al.1, who noted that types 4 and 9 were the
most sensitive.

In a study by Meenan 2 a group of 46 drug-
treated (1.5 g daily for 7 days) and 41 placebo-
treated volunteers were challenged intranasally, on
the third day of treatment, with rhinovirus type IA
(0.5 ml of a 1-in-10 dilution of nasal washings).
In another study (Reed et al.1) a group of 31 drug-
treated (1.5 g daily for 7 days) and 29 placebo-
treated volunteers were challenged intranasally, on
the second day of treatment, with rhinovirus type 9.
In neither study did famotine influence the course
of the infection. In the study with rhinovirus
typ IA the incidence of a significant rise in antibody
for the drug-treated group was 41 % (19/46) and for
the placebo-treated group 46% (19/41) and of a
clinical reaction 87% (40/46) and 93% (38/41)
respectively. In the study with rhinovirus type 9 the
incidence of laboratory evidence of infection, as
determined by virus isolation and a significant rise
in antibody titre, was 74% (23/31) for the drug-
treated group and 69% (20/29) for the placebo-
treated group. The incidence of a clinical reaction
was 39% (12/31) and 41 % (12/29) respectively.

PROPHYLACTIC STUDIES

The favourable response to oral treatment with
famotine and memotine of volunteers challenged

1 Reed, S. E., Beare, A. S., Bynoe, M. L. & Tyrrell, D. A. J.
(1969) Paper presented at the Second Conference on Antiviral
Substances of the New York Academy of Sciences, 1969.

2 Department of Medical Microbiology, University Col-
lege, Dublin, Eire.
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with some influenza A2 and B viruses naturally led
to an examination of the effect of these drugs when
administered prophylactically in the face of an
expected outbreak. Two such investigations-one
by Hugh-Jones I in a group of resident student
nurses, the other by Powell2 -were set up in the
winter of 1967-68. The study in student nurses
was undertaken at the first signs of an outbreak of
an influenza-like illness, but before the causative
organism had been clearly identified. One half of
the volunteers (21) were treated with famotine
(1.5 g daily for 14 days), the other half (20) with an
indistinguishable placebo. Unfortunately, the influ-
enza outbreak was on the decline during the trial
period, since there were few reports of typical
influenza-like symptoms. However, subjects in both
groups reported symptoms of respiratory tract
infection. Although the majority of volunteers had
influenza A2 antibody titres of less than 1/20 at the
beginning of the study, only 2 subjects, both on
active treatment, showed a significant rise over the
course of the study. Only 1 of these 2 subjects had
symptoms of respiratory tract infection. The inci-
dence of upper respiratory tract infection (5/21 drug-
treated, 4/20 placebo-treated) and of symptoms sug-
gestive of clinical influenza (2/21 drug-treated,
1/20 placebo-treated) was the same in both groups.
In the trial carried out in general practice the sub-
jects were either household or institutional contacts
of cases of influenza occurring in an urban practice.
Altogether a total of 9 contact volunteers were
studied, 6 on famotine and 3 on placebo. A total
of 4 volunteers (2 from each group) developed a
significant rise in antibody titre to influenza A2.
Symptoms of respiratory tract infection were present
in 4 of 6 drug-treated volunteers and in all 3 volun-
teers on the placebo. Because of the low incidence
ofinfection in the student nurses and the small number
of contact cases in the trial in general practice, no
definite conclusion as to the efficacy of famotine
could be drawn.

In the winter of 1968-69 attention was switched
to the oral administration of memotine in the pro-
phylaxis of epidemic influenza and of acute exacerba-
tions in chronic bronchitis. The latter type of study
was based on evidence in the literature supporting
the contention that viruses are associated with such
acute exacerbations. Both influenza A and B are
known to cause acute exacerbations in chronic

1 Dr P. Hugh-Jones, King's College Hospital, London.
2 Dr S. Powell, in general practice, Bath, England.

bronchitis. Ross et al. (1966) claim that 16% of all
exacerbations are associated with rising antibody
titres to various respiratory viruses. The study did
not include a proper assessment of rhinovirus invol-
vement and these are probably the major etiological
agents of virus infection in acute exacerbation
(Eadie, Stott & Grist, 1966; Stuart-Harris, 1968a,
1968b). Respiratory syncytial and parainfluenza
viruses have also been established as causative
agents (Sommerville, 1963; Carilli, Gohd & Gordon,
1964; Stark, Heath & Curwen, 1965).
During the winter of 1968-69 an epidemic of

influenza A2/Hong Kong was expected to occur in
the British Isles. Accordingly a series of studies was
designed to determine the prophylactic effect of
daily doses of memotine, 1.5 g orally for periods up
to 6 weeks. The relevant populations were living
or working in semi-closed or closed communities.
Treatment with memotine or an identical placebo
was to be given when influenza A2/Hong Kong
appeared in the locality. All trials were to include
serological studies to confirm the nature of the
infection. Thus it was hoped that in this manner
some 1500 patients, half of whom would have
received memotine, would be surveyed. In the event
the expected epidemic did not materialize and a total
of only 653 subjects were involved (341 drug-treated,
312 placebo-treated). Symptoms of an upper res-
piratory tract infection or an influenza-like illness
occurred in 134 (65/341 drug-treated, 69/312 placebo-
treated) of these 653 subjects. In 35 (22/65 drug-
treated, 13/69 placebo-treated) of these 134 cases, a
significant rise in antibody titre to A2/Hong Kong/68
occurred.

In the 519 subjects showing no evidence of a clinical
infection, a significant rise in antibody titre to A2/
Hong Kong/68 occurred in 18 (5/276 drug-treated,
13/243 placebo-treated; P = 0.1). Although this
latter finding is of no clinical significance, it lends
support to the results of challenge studies with
memotine (Beare, Bynoe & Tyrrell, 1968; Reed
et al.3).
Two types of trials designed to study the effect of

memotine on the prevention of an acute exacerbation
of chronic bronchitis were undertaken. In one trial
patients with chronic bronchitis were to receive
memotine, 1.5 g daily for 7-10 days, or a placebo,
as soon as they developed symptoms of an upper
respiratory tract infection, and observed for the

3Reed, S. E., Beare, A. S., Bynoe, M. L. &Tyrrell, D. A. J.
(1969) Paper presented at the Second Conference on Antiviral
Substances of the New York Academy of Sciences, 1969.
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subsequent development of an acute exacerbation.
Serological studies or viral isolations were to be
performed in order to identify the infecting virus.
Only 26 patients in the study developed an upper
respiratory tract infection and the incidence of a
subsequent acute exacerbation (9/12 on memotine
and 9/14 on placebo) and of evidence of infection
with influenza A2/Hong Kong/68 (3/12 on memo-
tine, and 2/14 on placebo) was the same in both
groups. In only 1 patient in each group who
developed an acute exacerbation was there evidence
of infection with influenza A2/Hong Kong/68.
No difference in the duration of the upper respiratory
tract infection or of the subsequent acute exacerba-
tion in the 2 groups was observed.

In the other trial selected chronic bronchitic
patients were given memotine or a placebo orally,
1.5 g daily for 5 weeks, and the subsequent incidence
of upper respiratory tract infection or acute exacerba-
tion was recorded. A total of 117 patients on memo-
tine (50 in general practice, 67 attending hospital as
out-patients) and 115 on placebo (53 in general
practice, 62 out-patients) were studied. The total
number of acute exacerbations was 32/117 on memo-
tine (5 in general practice, 27 out-patients) and
38/115 on placebo (16 in general practice, 22 out-
patients) on placebo. The difference in the occur-
rence of acute exacerbations in the drug-treated and
placebo-treated groups attending hospital out-
patients was not significant. However, the difference
between the 2 groups studied in general practice, in
favour of memotine, was significant (P = 0.05), there
being 5/50 and 16/53 acute exacerbations in the drug-
treated and placebo-treated groups respectively.

THERAPEUTIC STUDIES

In 2 trials the effect of treatment with memotine
on upper respiratory tract infection and on purulent
acute exacerbations in chronic bronchitis was
studied. In the latter group a tetracycline was used
in combination with memotine. Too few cases were
available for study to enable a definite conclusion
r to the efficacy of treatment with memotine to be
drawn.

NASAL INSTILLATION

Since, with the exception of challenge studies, the
trials with both famotine and memotine administered
orally gave either inconclusive or negative results,
it was decided to examine the effect of local applica-
tion, i.e., nasal instillation. This mode of adminis-

tration was suggested by the beneficial effect upon
the respiratory epithelium seen when either com-
pound is applied to dog trachea organ cultures
infected with influenza A2/Singapore/1/57. Famo-
tine was chosen because of its greater activity
towards rhinoviruses. In all, 3 studies have been
carried out; 2 of these were challenge studies, one
with influenza B/England/13/65 and the other with
rhinovirus type 2; the third was a field study
(Meenan & Hillary 1).

In each study famotine, in the form of nasal
drops, was administered every 2 hours, i.e., 9 appli-
cations daily, for 5 days at a concentration of either
4 mg/ml or 15 mg/ml, the total daily dose being
either 2.2 mg or 8 mg. In the challenge studies,
challenge with virus was made on the second day of
treatment.

In both challenge studies there was a slight reduc-
tion in favour of famotine in the incidence of clinical
reactions, but the number of volunteers with a
significant rise in antibody titre to the challenging
virus was approximately the same in both groups.

In the field study famotine was administered to
half the volunteer subjects living in a closed commun-
ity in which an outbreak of influenza A2/Hong Kong/
68, confirmed by isolation of the virus from the
throat washings of 4 residents, occurred. In all,
34 (17 drug-treated, 17 placebo-treated) subjects
were involved. A total of 12 subjects developed
symptoms within 36 h-48 h (the incubation period
of influenza) of the commencement of the study and
these were excluded in the assessment of famotine
as a prophylactic agent. Of the remaining 22 patients,
3 developed symptoms of infection (0/10 drug-
treated, 3/12 placebo-treated). As in the 2 challenge
studies with the topical application of famotine,
there was no difference between the drug- and
placebo-treated groups in the incidence of a signifi-
cant rise in antibody titre to influenza A2/Hong
Kong/68. When the results of all 3 studies with
the topical application of famotine are taken
together, the incidence of a clinical reaction is sig-
nificantly less (P = 0.01) in the drug-treated group
(Table 4).

CONCLUSION

In conclusion, it can be said that the prophylactic
administration of famotine, orally or topically,

1 Meenan, P. N. & Hillary, I., B. (1969) Paper presented
at the Second Conference on Antiviral Substances of the
New York Academy of Sciences, 1969.
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TABLE 4
THE EFFECT OF FAMOTINE ADMINISTERED INTRANASALLY ON VIRAL

RESPIRATORY INFECTION a

Parameters
Challenge Field

of assessment Rhinovirus B/England/13/65 A2/Hong
type 2 Kong/68

Serological response Drug 5/10 b Drug 3/5 Drug 3110 Drug 11/25
Placebo 6/8 b Placebo 3/5 Placebo 3/12 Placebo 12/25

Not significant

Clinical reaction Drug 4/10 Drug 1/5 Drug 0/10 Drug 5/25

Placebo 7/8 Placebo 5/5 Placebo 3112 Placebo 15/25

P = <0.05

a Meenan, P. N. & Hillary, I. B. (1969) Paper presented at the Second Conference on Antiviral
Substances of the New York Academy of Sciences, 1969; Meenan & Hillary (1969a), Meenan &
Hillary (1969b).

b Final readings. Preliminary readings quoted by Meenan & Hillary in their paper at the Second
Conference on Antiviral Substances of the New York Academy of Sciences, 1969.

reduces the incidence of clinical reactions. This is
particularly evident with topical administration
where the decreased clinical symptomatology is not
associated with an impaired antibody response as is
the case with oral administration. Memotine given

orally reduces the antibody response and the inci-
dence of clinical reactions. Trials have been too few
to evaluate conclusively the therapeutic efficacy of
the drugs. Without extensive field trials the clinical
significance of these findings cannot be assessed.
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