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Studies on the anti-allergic action of N-(3',4'
dimethoxycinnamoyl) anthranilic acid (N-5')
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The effects of the anti-allergic compound N-(3',4'-dimethoxycinnamoyl) anthranilic acid
(N-5' or Tranilast) have been investigated upon antigen-induced contractions of respira-
tory smooth muscle in vitro and bronchoconstriction in vivo. N-5' (3.1 x 10-̂  M) in vitro
had no significant effect upon antigen-induced contractions of the guinea pig trachea.
However, when tested at concentrations of 9.2 and 3.1 x lO^^M, but not 0.9 x 10"\
N-5' significandy inhibited antigen-induced contractions of the human parenchyma. In
vivo N-5' (5 and 10 mg/kg p.o.) failed to inhibit antigen-induced dyspnea in hyperreac-
tive rats. N-5' (20 mg/kg p.o.) also failed to inhibit the immediate bronchoconstriction
following ascaris challenge oi conscious squirrel monkeys but significantly attenuated the
reduction in dynamic compliance during the pulmonary late phase response observed
between 4 and 10 h after antigen challenge. It is suggested that N-5' does not act as a
"cromoglycate-like" compound but may have novel mechanisms of action in human
bronchial asthma.
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Pharmacological studies on N-(3'-4'-dimethoxy-
cinnamoyl) anthranilic acid (N-5' or Tranilast)
have shown that this compound has anti-allergic
properties (1, 6, 9). Clinical studies have sug-
gested that N-5', an orally active drug, has clini-
cal activity in the treatment of allergic bronchial
asthma (13, 14). It has been suggested that N-5'
has similar properties to disodium cromoglycate
and that the mechanism of action involves pre-
vention of mediator release through "stabiliza-
tion" of the membranes of mast cells and
basophils (1, 9, 10). However, two pieces of
evidence argue against this interpretation. First,
the doses of N-5' required in animal models to
exert anti-allergic activity are well in excess of
those used in man (1, 6, 9). Secondly, the concept
that disodium cromoglycate works through a
mechanism involving "stabilization" of mast
cells has been called into question (16). In the
present study we have investigated further the
mechanism of action of N-5' .

METHODS

In vitro studies

Sensitization of guinea pigs. Male guinea pigs
(300-400 g) were sensitized by injecting intra-
peritoneally 0.5 ml of a solution containing 10
H,g of egg albumin and 0.1 g aluminium hydro-
xide dissolved in saline. Two weeks were per-
mitted for sensitization to occur and the animals
were used 14 to 30 days post-sensitization.

Sensitization of human tissue. Macroscopically
normal parts were selected from three separate
human lung parenchyma, excised because of
carcinoma, and immediately after removal
placed in cold saline. The parenchymal strips
were prepared by cutting lung strips (periph-
eral portions of the lung sample) which were
approximately 4-5 mm wide and 2-3 cm long.
The tissues were stored overnight at 4°C in
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sealed bottles containing Krebs' buffer pre-
viously gassed with 95 % oxygen and 5 % car-
bon dioxide together with serum (1/10 final
concentration) of patients allergic to ragweed.

Tissue preparation. Sensitized guinea pigs were
stunned and exsanguinated. The trachea were
removed, freed of adhering tissue and divided
longitudinally by cutting through the car-
tilaginous tissue directly opposite the muscle
insertion. Each opened trachea was then trans-
ected between every second cartilage. Four of
the cut sections were tied together, end to
end, in a series with # 0 . 7 silk thread ensur-
ing that the tracheal muscles were all in the
same vertical plane. Each chain consisted of
tissue selected from three different animals.
The guinea pig trachea and human par-
enchyma were suspended under 1 g of tension
(by silk ties at each end) in a 20 ml organ
bath containing 10 ml of modified Krebs'
buffer at 37 ± 0.5°C, gassed with 95% oxy-
gen and 5 % carbon dioxide. The composition
of the modified Krebs' bicarbonate buffer in
milliomolarity (mM) was: KCl 4.72; CaClj
2.5; MgSO^ 0.7 H.,O 0.5; KH^PO^ 1.2; NaCl
120; dextrose 11; NaHCO-, 25. The pH of the
bathing solution was 7.35 ± 0.05. Mepyr-
amine (0.55 ixg/ml) and indomethacin (2.67
|xg/ml) were added to the buffer to inhibit the
contribution of histamine or prostaglandins to
the contraction. To record responses, one end
of the tracheal chain was attached to a Gould-
Statham UC-2 force displacement transducer
which was connected to a Beckman Type
R-dynograph. The preparations were allowed
to equilibrate for 1 h, during which time the
tissues were automatically washed (10 ml vol-
ume displacement) every 6 min. After the
equilibration period, trachea! chains and par-
enchymal strips were primed respectively with
methacholine (3 ^g/ml) and U-44069 (5 \igl
ml), washed and allowed to recover to base-
line. Two trachea] chains were used as a con-
trol. These were challenged with a con-
centration of egg albumin sufficient to induce
an average contraction of 65-85 % of the
methacholine response. N-5' was added to the
tissues 15 min prior to challenging the fresh

chains with the same dose of egg albumin as
used in the controls. N-5' was dissolved in
dimethyl sulfoxide and the volume added to
the bath was 10 \i\. The response of the chal-
lenged tissue was expressed as a percentage of
the methacholine maximum and the % inhibi-
tion was then calculated. Parenchymal strips
were treated with N-5' or vehicle and chal-
lenged 15 min later with 100 |j.l of ragweed
extract. The activity of the compound was
reported as percentage of tissues that re-
sponded to antigen rather than as percentage
of maximal contraction. In the control group
{ri = 9), contractions of parenchymal strips
induced by ragweed varied between 0 and
83% of U-44069 maximum contraction.

In vivo studies

Antigen-induced dyspnea in hyperreactive rats. Inbred

rats (15-18 generations), hyperreactive to aero-
solized antigen, were obtained from this labora-
tory (2, 8). Rats were sensitized to produce IgE
antibodies, challenged with an aerosol of anti-
gen and the respiratory responses recorded as
the duration of dyspnea as previously described
(12, 15).

Rats were pretreated with N-5' as a suspen-
sion in methocel (0.4% w/v) and Tween 80
(0.5% w/v) or the drug vehicle 1 h prior to
exposure to antigen.

Ascaris-induced bronchoconstriction in conscious

.<;quirrel monkeys. The measurement of dynamic
compliance (Cdyn) and pulmonary resistance
(RL) in conscious squirrel monkeys has pre-
viously been described (7, 12). Four squirrel
monkeys were used in the present study and
these monkeys were challenged with an aero-
sol of the ascaris antigen (50,000 or 100,000)
pulmonary nitrogen units/ml) on a regular
basis at intervals no shorter than 2 weeks.
The aerosol was generated using a ultrasonic
nebulizer, model 25C, (The DeVilbiss Co.,
Somerset, PA.) and delivered to the animal
through the face mask for a period oi 6 min.
Pulmonary mechanical changes were recorded
for up to 13 h during which time stable con-
trol base lines were obtained, the animals



286 R. HAMEL ET AL

treated with drug, challenged with antigen
and pulmonary mechanies recorded for 10 h
after challenge. All four monkeys showed
reproducible responses to repeated ascaris
antigen challenges over a period of 10
months. For control purposes the mean
responses to 3-4 consecutive separate chal-
lenges in the absence of drug were used.
Monkeys were treated with N-5' (20 mg/kg)
as a suspension in 0.4% (w/v) methocel and
0.5% (w/v) Tween 80 p.o. 1 h prior to expo-
sure to ascaris antigen. Mean values for R^
and Cjy^ were calculated at 5-min intervals
prior to and for 1 h after antigen challenge.
Results after challenge with ascaris were
expressed as a percentage change relative to
the baseline values. The time at which the
late phase response was maximal varied
between experiments. To group the data
together, the peak of the late response on
each individual experiment was designated as
time 0, Results expressed as percentage
changes relative to the baseline values were
then calculated at 15 min intervals before and
after the peak response. These calculations
were carried out separately for R^ and Ĉ ^̂
because in 50 % of the experiments the peak
increases in. R^ occurred prior to the peak
decreases in C^̂ .̂ For statistical analysis for
each animal the values of R; and Ĉ ^̂  from
120 min before the peak of the late phase to
90 min after the peak were meaned. The
mean values were then tested for normality
(Wilk-Shapiro test) and analysed by the
paired t-test,

MATERIALS

Egg albumin, grade V, salt free, lyophilized
(Sigma), aluminium hydroxide (Reheis Chemi-
cal Co.), Ascaris suum antigen (Greer Laborato-
ries), ragweed extract (200,000 pulmonary
nitrogen units/ml) (Omega Laboratories),
methacholine chloride (Sigma Chemical),
U-44069, a stable prostaglandin endoperoxide
analogue (15(S)-hydroxy-9a,lla-(epoxy meth-
anol)-prosta- 5-cis, 13 trans, dienoic acid)
(Upjohn), indomethacin, and mepyramine
(Merck & Co, Inc.), N-5' (Kissei),

RESULTS

Inhibition of antigen-induced contractions

of the guinea pig tracheal chain

Antigen challenge of sensitized (IgG antibodies)
guinea pig tracheal chains in the presence of
indomethacin and mepyramine induces con-
tractions which are thought to be largely due to
the release of 5-lipoxygenase derived products of
arachidonic acid metabolism (3). Following expo-
sure to ovalbumin (0.01 ^ig/ml) a contraction
equivalent to 65 % of methacholine maximum
was observed. N-5' at a dose of 10 ng/ml (3.1 x
10"^M) in the presence of mepyramine (0.55 \ig/
ml) produced at 12 ± 5 % (mean ± SEM, n = 5)
inhibition of ovalbumin-induced contractions of
guinea pig tracheal chains.

Inhibition of antigen-induced contractions

of the human parenchymal strip

Human parenchymal strips, passively sensitized
overnight at 4°C with serum of ragweed-allergic
patients produced contractions following chal-
lenge with ragweed antigen. In the control
group, 89% (8/9) of the tissues responded to
ragweed challenge, whereas following pretreat-
ment of the tissues with 30.0 (9.2 x lO"'̂
M)(n = 4)andl0,0(3.1 x 10-''M)(n = 3) |xg/ml
of N-5' no contraction was was observed. At a
lower dose, N-5' (3.0 ng/ml; 0.9 x 10"'̂ M) failed
to prevent the induced contraction (n = 2).

Inhibition of antigen-induced dyspnea

in hyperreactive rats

Rats hyperresponsive to spasmogenic mediators
(2) were sensitized with ovalbumin to produce
IgE antibodies. Following exposure to an aero-
sol of antigen, these rats showed reproducible
episodes of dyspnea which were quantified by
measuring the duration of dyspnea in minutes.
The duration of dyspnea in the control group
was 19.4 ± 3.2 min (mean ± SEM, n = 5).
Pretreatment of the animals with either 5 or 10
mg/kg N-5' (p-o.) produced no significant
reduction in the duration of the dyspnea (5 vagi
kg, 18,3 ± 5.7 min and 10 mg/kg 12.3 ± 8.5
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Eig. IA and IB. The effects of N-5'
on ascaris-induced immediate bron-
choconstriction in conscious squirrel
monkeys (Eig. IA, increases in RL;
Fig. IB, decreases in Cj ). Treat-
ments were as follows: control (O),
N-5' ( • ) (20 mg/kg, p.o. - 1 h).
Results are shown as means from 4
separate monkeys. Control data on
each monkey represents the mean of
3-4 separate experiments.

min, results expressed as means ± SEM, n = 5)
induced by the aerosol of antigen.

Inhibition of ascaris-induced bronchoconstriction

in conscious squirrel monkeys

Exposure of conscious squirrel monkeys with
known sensitivity to Ascaris suum, to an aerosol
of ascaris resulted in immediate bronchocon-
striction followed by a late pulmonary response
4 to 10 h later involving both the upper and
lower airways (7). Following repeated exposure,
these responses were reproducible over a 10-
month period. Figs. IA and IB show the imme-
diate pulmonary responses following exposure,
which was characterized by prolonged increases

in RL and decreases in C^^ .̂ Control data from
3-4 separate challenges was meaned for each
monkey and then mean data from four separate
monkeys was meaned to produce the results
shown in Figs. IA and IB. Pretreatment of the
animals with N-5' (20 mg/kg p.o.) had no effect
on the baseline (data not shown) and produced
no inhibition of the immediate pulmonary
response induced by ascaris (Figs. IA and IB).
After partial or total recovery a second
bronchoconstriction commenced between 2 and
6 h (7) and the peak of the late response is
illustrated on Figs. 2A and 2B. In four
monkeys, pretreatment with N-5' prior to anti-
gen challenge produced significant inhibition of
these changes in C, (P < 0.02). The inhibi-
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Figs. 2A and 2B. The effects of N-5'
on ascaris-induced late bronchoconstric-
tion in conscious squirrel monkeys (Fig.
2A, increases in Ri; Fig. 2B, decreases
in Cj . Time 0 min represents the
peak of the late response for each indi-
vidual experiment (between 4 and 10 h
after antigen challenge). Treatments
were as follows; control (O), N-5' ( • )
20 mg/kg. p.o. administered 1 h prior
to antigen challenge). Results are
shown as means ± SEM from 4 sepa-
rate monkeys. Control data on each
monkey represents the mean of 3-4
separate experiments.

tion of the changes in R^ did not reach statisti-
cal significance [P < 0.09).

DISCUSSION

In the present study in vitro and in vivo models of
human allergic asthma have been used to fur-
ther profile the prophylactic activity of N-5'.
The in vitro models utilized actively sensitized
guinea pig trachea (IgG, antibodies) and pas-
sively sensitized human parenchymal strips
(IgE antibodies). In both tissues the contraction
induced following antigen challenge is attribu-
table in part to the release of peptidolipid leuko-
trienes (3, 5). On the guinea pig trachea, the
compound (10 M.g/ml) produced weak inhibition

of the antigenic response whereas on human
parenchyma N-5' (10 and 30 M.g/ml) suppressed
the antigen response. The results support pre-
vious in vitro reports demonstrating that doses
higher than 3 x 10-^M are required to produce
significant inhibition of antigen responses (10).
The greater potency of N-5' on human par-
enchyma as compared to guinea pig trachea
may be due to an enhanced ability to block IgE
rather than IgG, response. Similar results have
been reported for disodium cromoglycate (4).

The first in vivo model utilized a strain of
inbred rats which show non-specific bronchial
hyperreactivity (2, 8), an important feature of
human bronchial asthma. These rats develop
reproducible, prolonged episodes of dyspnea
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following antigen challenge (14). The second in
vivo model used in the present study involved
challenge of conscious squirrel monkeys with an
aerosol of ascaris antigen. Recently we have
demonstrated that certain squirrel monkeys
challenged with antigen undergo a reproducible
dual pulmonary response (7). In both in vivo
models the antigen response appears to be IgE-
mediated. Administration of N-5' (5-20 mg/kg
p.o.) prior to antigen challenge produced no
significant inhibition of the immediate pulmo-
nary responses in either the inbred, hyperreac-
tive rats or squirrel monkeys. However, in the
primate model, N-5' produced significant inhi-
bition of the changes in Ĉ ^̂  and weak inhibi-
tion of changes in RL occurring during the
pulmonary late phase. In addition to blocking
the peak late phase response, pretreatment with
N-5' shortened the duration of the late phase.

The results in the present work are not incon-
sistent with previous data. Published in vitro
data has demonstrated effects on antigen-induc-
ed release of mast cell-derived products only at
high doses (9), explaining the relative lack of
effect upon guinea pig trachea! chains. The
effects on human parenchymal strips are of
more interest as they occur at concentrations
c!ose to those found in human p!asma following
multiple dose administration (— 20 |j.g/ml). The
therapeutic dose of N-5' used in man is between
6 and 12 mg/kg. At this dose no effect was seen
upon immediate antigen responses in either the
rat or the squirrel monkey in the present study.
Previous studies in various models, such as the
passive cutaneous anaphy!axis assay in the rat,
have on!y demonstrated in vivo activity at doses
( > 50 mg/kg) (1, 6, 9) well in excess of those
used either clinically (13, 14) or in the present
study. It was, therefore, of particular interest to
see an effect in the squirre! monkey mode! in
the pu!monary !ate phase response. The patho-
genesis of the pu!monary late phase is not clear-
ly defined. However, leukotrienes B ,̂ C4 and
D4, neutrophil chemotactic factor and throm-
boxane B2 have all been implicted as mediators
of the pulmonary late phase and this has been
used as evidence for a ro!e for mast-cell derived
mediators in this response (11). It has been
suggested that infiltration of inflammatory ceUs

is an important contributing factor to the !ate
phase response (11), and one mechanism of
action of N-5' may be through a blockade of the
synthesis and/or release of non-spasmogenic
mediators which in turn modulate the !ate pha-
se response or modulate the ceHular infiltration.

The data presented are not consistent with
the concept that N-5' is an orally active "cro-
mog!ycate-!ike" compound with a mechanism
involving "stabilization" of mast cells. The in
vitro and in vivo results are not consistent with a
potent effect on the primary release of media-
tors foUowing antigen challenge; previous posi-
tive results having been obtained at doses wel!
in excess of those used c!inically (1, 6, 9). For
example, disodium cromoglycate showed potent
activity in the hyperreactive rat model (ED5P 1
mg/kg i.v.) (15 and unpublished observations)
whereas N-5' was inactive at 5 or 10 mg/kg p.o.
In addition, the concept that disodium cro-
moglycate exerts therapeutic effects in man
through "stabi!ization" of human mast ce!!s has
been questioned both because of basic studies
carried out on disodium cromoglycate and
because of the relative c!inica! inefficacy of
more active ora! "cromog!ycate-!ike" com-
pounds (16). Modulation of the late phase
response may modulate the hyperreactive re-
sponse and is a property shared with disodium
cromog!ycate and corticosteroids (11). Studies
upon drugs such as N-5', which appear to se!ec-
tive!y a!ter the !ate phase response, may provide
new information as to the pathogenesis and
imp!ications of the late phase in human asthma.
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