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Sedation and histamine H;-receptor antagonism: studies in man
with the enantiomers of chlorpheniramine and dimethindene
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1 The effects of 10mg (+)- and (—)-chlorpheniramine and 5 mg (+)- and (—)-dimethindene on daytime
sleep latencies, digit symbol substitution and subjective assessments of mood and well-being were studied
in 6 healthy young adult humans. Each subject also took 5mg triprolidine hydrochloride as an active
control and two placebos.

2 Daytime sleep latencies were reduced with triprolidine, (+)-chlorpheniramine and (—)-dimethindene,
and subjects also reported that they felt more sleepy after (+)-chlorpheniramine and (—)-dimethindene.
Performance on digit symbol substitution was impaired with (+)-chlorpheniramine.

3 Changes in measures with (—)-chlorpheniramine and (+)-dimethindene were not different from
changes with placebo.

4 In the present study, changes in measures of drowsiness and performance were limited to the enantio-
mers with high affinity for the histamine H,-receptor. These findings strongly suggest that sedation can
arise from H,-receptor antagonism alone, and provide further support for the belief that the histaminergic

system is concerned with the regulation of alertness in man.
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Introduction

It is well recognized that many antihistamines lead to drowsi-
ness and impaired performance (Nicholson, 1983; 1987) and,
although not demonstrated conclusively, it is believed that
such effects are due to antagonism of central histamine
H,-receptors (Quach et al, 1979; Schwartz et al., 1982;
Nicholson et al., 1985). Studies in healthy man have shown,
however, that the peripheral antihistaminic and central seda-
tive effects of such drugs may be poorly correlated and the
question arises whether central depressant effects are related
to other pharmacological activity (Peck et al., 1975; Levander
et al., 1985). Many antihistamines are not specific H,-receptor
antagonists, and modulation of the activity of neurotransmit-
ters other than histamine could be involved in the sedative
effects of a particular drug.

It is in this context that we have carried out the present
study in man on the central effects of the enantiomers of two
well-established antihistamines, chlorpheniramine and dimeth-
indene, as drowsiness and sedation are reported commonly
with each of these drugs. However, the affinities of the isomers
for the H,-receptor indicate a high degree of stereoselectivity
(Chang et al., 1979; Borchard et al., 1985), and so studies with
the enantiomers may help to resolve whether sedation is
related specifically to the steric configuration and is due to
H,-receptor antagonism alone.

Methods

Six healthy volunteers (four females and two males) who were
not taking any other medication gave informed consent to
participate in the study. The protocol was approved by the
RAF Institute of Aviation Medicine Ethics Committee. The
subjects were aged between 19 and 28 (mean 23.7) years, and
weighed between 50.0 and 95.5 (mean 70.2) kg. They abstained
from alcohol and beverages containing caffeine from
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18 h00min on the evening preceding and on the day of an
experiment, and retired at their usual bedtime on the night
before an experiment. Subjects ate a light breakfast before
arriving at the laboratory. Test sessions commenced at 08 h
30min, 10h 00min, 11h 00min and 12h 30min, with drug
ingestion between the first and second sessions at 09 h 30 min.
Each subject took, on separate occasions, 10 mg (+)- and (—)-
chlorpheniramine maleate, 5mg (+)- and (—)-dimethindene
maleate, 5mg triprolidine hydrochloride as an active control,
and two placebos. All medication was identical in appearance
and the study was double blind. Treatments were arranged in
a pseudo-random order balanced for linear sequence, with a
placebo among the first and last three drug ingestions, and at
least four days separated each assessment.

Each test session was identical. Performance was measured
by digit symbol substitution (Nicholson & Stone, 1986), and
subjects were trained in this task to achieve a consistent level
of performance before the study began. Mood, well-being and
alertness were assessed subjectively by use of a series of 12
visual analogue scales (Nicholson & Stone, 1986) and the
Stanford Sleepiness Scale (SSS) (Hoddes et al., 1973). After
these assessments, sleep latency was measured. Two channels
of electroencephalographic (EEG) activity (C,-A, and O,-A,)
and bilateral electro-oculographic (EOG) activity were re-
corded with silver-silver chloride electrodes on a Nihon
Kohden 4300 Series EEG machine. The paper speed was
10mms ™! and 70% amplitude frequency response was 0.16 to
35 Hz for the EEG and 1.6 to 15 Hz for the EOG. Subjects lay
in bed in individual rooms which were light-proofed, sound-
attenuated and temperature-controlled (18 + 3°C). They were
instructed to lie in bed quietly and to try to fall asleep. Each
test was ended after the onset of stage 1 (drowsy) sleep or after
20min if the sleep onset criterion was not met. The latency
to stage 1 sleep was determined independently by two
analysts, and differences were resolved.

Materials

Racemic chlorpheniramine maleate (Smith, Kline & French)
and racemic dimethindene maleate (Zyma) were converted
into the free base forms. Samples of (4)- and (—)-chlorpheni-
ramine maleate ([a]?*p + 23.2° and —23.9°, circa 1% in
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water, respectively) and (+)- and (—)-dimethindene maleate
([x]**p + 197.8° and —206.6°, circa 1% in methanol,
respectively) were obtained by resolution of racemic chlorphe-
niramine base with D- and L-ditoluoyltartaric acids, and
racemic dimethindene base with D- and L-tartaric acids. In
each case fractional crystallization was continued until specific
rotations of diastereoisomeric salts showed relatively little
change on further crystallization.

The products were checked for purity. C, H and N analyses
were within 04% of the required values, and high per-
formance liquid chromatography (h.p.l.c.) examination (on a
Cyclobond I column) gave purities >99%. M.p.’s were 113—
115°C and 112-114°C respectively for (+)- and (—)-chlor-
pheniramine maleate, and 127-129°C for each enantiomer of
dimethindene maleate. Additional evidence of optical purity
was obtained by chiral h.p.l.c. or 'H n.m.r. methods (Mercer,
1989). The pure enantiomeric drug was triturated with lactose,
and capsules were filled with 150 mg of the triturate (or pure
lactose for the placebo) to provide doses of 10mg chlor-
pheniramine maleate and 5mg dimethindene maleate. Cap-
sules, each containing two 2.5mg tablets of triprolidine
hydrochloride (Wellcome), were used as the active control.

Measurement of pharmacological activity in vitro

H,-receptor antagonism was assayed in vitro against
histamine-induced contraction of guinea-pig ileum. Guinea-
pigs of either sex weighing between 400-700g were used.
Immediately after an animal was killed, the terminal ileum
was removed, washed and mounted in a 15 ml bath containing
magnesium-free Tyrode solution gassed with 95% O,/5%
CO, and maintained at 30°C. The tissue was loaded with 0.5g
and contractions in response to histamine were detected by a
force transducer and displayed on a potentiometric recorder.
Cumulative histamine dose-response curves were obtained
prior to and following 8 min incubations with three different
concentrations of the antagonist (7-10 observations), and pA,
values were determined by Schild analysis. The slopes of the
Schild plots are indicated in Table 3, and were not signifi-
cantly different from unity within 95% limits.

The affinities of the enantiomers of chlorpheniramine
maleate and dimethindene maleate and of triprolidine hydro-
chloride for types of central receptor were also determined.
Binding assays for radiolabelled prazosin (a,-adrenoceptors),
UK-14304 (5-bromo-6-[2-imidazolin-2-ylamino]-quinoxaline
bitartrate) (x,-adrenoceptors), dihydroalprenolol (8-adreno-
ceptors), S-hydroxytryptamine (5-HT) (5-HT,-receptors),
ketanserin (5-HT,-receptors), 3-quinuclidinyl benzilate (QNB)
(muscarinic receptors) and flunitrazepam (benzodiazepine
receptors) were conducted on bovine frontal cortex, and for
radiolabelled spiperone (dopamine D,-receptors) on bovine
striatum. Assays were also carried out with standard agents.
Details of the methods are given in Table 1. Apparent K,

values were calculated from IC,, values by the Cheng-Prusoff
equation (Cheng & Prusoff, 1973).

Measurement of pharmacological activity in vivo

H,-receptor antagonism of the enantiomers of dimethindene
was assessed in vivo against histamine-induced broncho-
constriction in the anaesthetized guinea-pig (Brown et al.,
1986). Increasing doses of antagonist were given intravenously
and dose-ratios for the displacement of histamine dose-
response curves were obtained. The dose of antagonist giving
a (dose-ratio — 1) = 10 was determined from a Schild plot.

Statistical analysis of performance, subjective assessment
and sleep latency data

Visual analogue scales of mood and well-being were assigned
ranks for each subject separately and the principal com-
ponents of the correlation matrix of the ranks for 12 measures
were calculated. Two components were derived and, after
varimax rotation, these were identified as measures of sleepi-
ness and feelings associated with mood. Digit symbol substi-
tution scores, SSS ratings and the components derived from
the visual analogue scales were investigated by analysis of
variance. Sleep latencies were censored at 20min and so an
iterative extension to a standard analysis of variance pro- .
cedure was used to investigate this measure. Digit symbol sub-
stitution scores were screened for possible effects of sequence
by analysis of covariance on dummy variables (John & Que-
nouille, 1977) and if an order effect was found it was used to
correct the data.

The assumptions of analysis of variance, homogeneity of
variance, normality and additivity, were studied by consider-
ing transformations of the raw measures using the maximum
likelihood method of Box & Cox (1964). The residuals from
an analysis of variance, applied to the data by use of the selec-
ted transformation, were then examined after the method of
Anscombe (1961) and, if appropriate, this transformation was
applied. All of the transformations were logarithmic and so
random variation and treatment effects were proportional
rather than additive. Back-transformed means are presented
for the subjective assessment and sleep latency data.

After analysis of variance, the effects of the drugs on differ-
ences between measures before ingestion (08 h 30min) and
those after ingestion (10h 00 min, 11 h 00 min and 12h 30 min)
were investigated. Two planned comparisons, using the mean
differences for six subjects, were made between the two pla-
cebos and between the active control (triprolidine 5mg) and
the mean of the two placebos. Each of the remaining drugs
was compared with the mean of the two placebos and each
enantiomer was compared with its respective isomer by the
multiple comparison method of Dunnett (1964). The test of

Table 1 Details of ligand binding assays
Receptor Non-specific binding Incubation Temp
Bovine frontal cortex: Radioligand (nm) defined by (uM) Buffer time (min) (°C)

o, [*H]-prazosin 0.2 Phentolamine 100 50mm Tris (pH 7.6) 30 25

a, [*H]-UK-14304 0.5 Phentolamine 10.0 50mm Tris (pH 7.6) 30 25

B [*H]-dihydroalprenolol 20 Propranolol 1.0 50mwm Tris (pH 7.6) 30 25
+ 10mMm Mg?*

5-HT, [*H]-5-HT 20 S-HT 10.0 50 mM Tris (pH 7.4) 30 25
+ 4mmMm Ca?*

S-HT, [®*H]-ketanserin 1.0 Spiperone 1.0 50mm Tris (pH 7.6) 30 25

Muscarinic [*H]-QNB 0.1 Atropine 1.0 Krebs-50 mM Tris 60 25
(pH 7.6)

Benzodiazepine [*H]-flunitrazepam 0.5 Diazepam 10.0 50 mMm Tris (pH 7.6) 60 5

Bovine striatum:

D, [*H]-spiperone 0.2 Butaclamol 1.0 S0mwm Tris (pH 7.6) 30 25

References to methods: a,-adrenoceptor, Greengrass & Bremner (1979); a,-adrenoceptor, Loftus et al. (1984); S-adrenoceptor, Williams
et al. (1976); 5-HT, receptor, Peroutka & Snyder (1979); 5-HT, receptor, Leyson et al. (1982); muscarinic receptor, Yamamura & Snyder
(1974); benzodiazepine receptor, Chiu et al. (1982); D,-dopamine receptor, Leyson et al. (1978).



272 AN. NICHOLSON et al.

each of these hypotheses was made with a specified size a pos-
teriori, and so no account was taken of the composite F test
for differences between treatments. The different components
of the error term, which applied to each group of compari-
sons, were tested for homogeneity by Bartlett’s test.

Results

The results of the performance measures, sleep latency tests
and subjective assessments are shown in Table 2 and Figure 1.
With 5mg triprolidine there was a greater reduction com-
pared with placebo in the latency to stage 1 (drowsy) sleep at
11 h00min (P < 0.01). Changes in subjective assessments and
digit symbol substitution scores were not different from
changes with placebo.

Changes in measures with (—)-chlorpheniramine were not
different from changes with placebo. With (4 )-chlorphenira-
mine the reduction in sleep latency at 11 h 00 min was more
marked than with the (—)-isomer (P < 0.01) and with placebo
(P < 0.05). Increased subjective sleepiness was greater at 11h
00min and 12h 30min with (+ )-chlorpheniramine than with
the (—)-isomer (visual analogue scales P < 0.05; SSS
P <0.01) and with placebo (12h 30min, visual analogue
scales P < 0.05; 11h 00min and 12h 30min, SSS P < 0.05).
Impairment of digit symbol substitution was greater at 11h
00min and 12h 30min with (+)-chlorpheniramine than with
the (—)-isomer (P < 0.05).

Changes in measures with (+)-dimethindene were not dif-
ferent from those with placebo. With (—)-dimethindene there
was a more marked reduction in sleep latency at 11 h 00 min
than with the (+)-isomer and with placebo (P < 0.05). Sub-
jects reported a greater increase in sleepiness at 12h 30min
with (—)-dimethindene than with the (+)-isomer (P < 0.05).
Changes in performance with (—)-dimethindene did not differ
from changes with the (+)-isomer or with placebo.

Pharmacological activity in vitro

H,-receptor antagonist activities of the enantiomers of chlor-
pheniramine and dimethindene against histamine-induced
contraction of the guinea-pig ileum are shown in Table 3.
Stereoselectivity ratios were greater than 50 for each pair of
enantiomers, with (+)-chlorpheniramine and (—)-dimethin-
dene showing greater potency than their respective isomers.
There was some depression of the maximum response with the
higher concentrations of (+)-chlorpheniramine (64% at a
dose-ratio of 4.5), (—)-chlorpheniramine (30% at a dose-ratio
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Figure 1 Effect of drugs on sleep latencies (means for 6 subjects). (a)
There was a greater reduction in sleep latency from 08 h 30min to
11h 00min with triprolidine (O, P < 0.01) and with (4 )-chlorpheni-
ramine ([J, P < 0.05) compared with placebo (@),and with (+)-
chlorpheniramine ((J) compared with the (—) isomer (i, P < 0.01).
(b) There was a greater reduction in sleep latency from 08 h 30 min to
11h 00min with triprolidine (O, P < 0.01) and with (—)-dimethin-
dene (M, P < 0.05) compared with placebo (@), and with (—)-dime-
thindene (lll) compared with the (+)-isomer ((J, P < 0.05).

of 3.2) and (—)-dimethindene (31% at a dose-ratio of 5.2), but
not with (+)-dimethindene (6% at a dose-ratio of 8.1).

The results of the radioligand binding assays are shown in
Table 4. Standard agents showed nanomolar affinity for their

Table 2 Sleep latencies, subjective sleepiness and performance 1.0h (08 h 30 min) before and 0.5, 1.5, and 3.0h (10h 00min, 11h 00 min

and 12 h 30 min) after drug ingestion

Triprolidine (mg) Chlorpheniramine (mg) Dimethindene (mg)
Maeasure Time (h)  Placebo 5 (+)10 (—)10 (+)5 (-)5
Sleep latency (min) 0830 26.5 275 20.6 19.5 219 238
1000 12.6 7.6 1.7 13.1 8.3 8.1
1100 122 3.5° 3.3~ 10.5 8.8 3.8%¢
1230 9.0 44 35 7.2 5.6 28
Digit symbol substitution 0830 248.1 224.5 245.7 245.0 249.8 248.8
(number of substitutions) 1000 -244.2 239.2 246.0 244.7 250.8 2428
1100 242.3 236.2 228.8° 245.5 246.3 236.8
1230 243.6 236.0 232.0° 248.3 246.0 2418
Subjective sleepiness:
Visual analogue scales 0830 —0.38 —0.16 —0.31 —0.37 —0.42 —0.20
(arbitrary units) 1000 —-0.37 —0.06 —0.09 -0.15 -0.34 —0.23
from —1.32 (wide awake) 1100 0.03 0.67 0.98° -0.07 0.19 0.59
to 3.60 (extremely sleepy) 1230 —0.36 0.17 1.12%¢ —0.21 0.25 0.74
Standford sleepiness scale 0830 2.51 235 2.35 2.69 2.69 2.16
(arbitrary units) 1000 2.44 2.52 252 2.52 2.66 2.50
from 1.00 (wide awake) 1100 2.68 334 3.79%4 2.69 2.84 2.89
to 7.00 (extremely sleepy) 1230 2.58 299 397%4 2.52 2.63 3.28¢

Values are back transformed means for 6 subjects.

Comparisons of differences from before ingestion with placebo: *P < 0.05; ®P < 0.01.
Comparisons of differences from before ingestion between enantiomers: °P < 0.05; P < 0.01.
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Table 3 H,-histamine receptor antagonist affinities of the enantiomers of chlorpheniramine and dimethindene against histamine-

induced contraction of the guinea-pig ileum

PA, Published

Drug n (95% confidence interval) Slope pA, values
(+)-Chlorpheniramine 7 9.02 (8.89-9.15) 1.42 + 047 9.30*
(—)-Chlorpheniramine 9 7.11 (6.95-7.26) 097 + 0.44 7.84*
(+)-Dimethindene 8 7.86 (7.71-8.07) 0.74 + 0.19 7.80°
(—)-Dimethindene 10 9.54 (9.31-9.83) 0.73 +0.33 9.10°

PA, and slope values determined by Schild analysis. Dose-ratios were: 1.17-5.17 for (+ )-chlorpheniramine, 1.61-3.80 for (—)-chlorpheni-
ramine, 1.66-9.67 for (+)-dimethindene, and 1.33-5.83 for (—)-dimethindene.

* Van den Brink & Lien (1977).
® Borchard et al. (1985).

respective receptors. (+)-Chlorpheniramine showed similar
affinity to (—)-chlorpheniramine for «,-, -, 5-HT,-, muscar-
inic, D,_ and benzodiazepine receptors, and was less active
with respect to a,- and 5-HT,-receptors. (—)-Dimethindene
was more potent than (+)-dimethindene at 5-HT,-, muscarin-
ic and D,-receptors. Triprolidine showed higher affinity for
o,- and S5-HT,-receptors than for the other receptors.
However, with respect to all drugs and all receptors examined,
inhibitory concentrations were in the micromolar range.

Pharmacological activity in vivo

(—)-Dimethindene at doses of 0.001, 0.003 and 0.01 umolkg™?!
produced dose-related inhibition of histamine-induced
increases in airway pressure. Dose-ratios (mean +s.e.mean,
n = 5) were 2.9 + 0.8, 12.0 + 6.2 and 46.7 + 26.6, respectively.
The dose giving a (dose-ratio — 1) = 10 was 0.003 umol kg™
(+)-Dimethindene at doses of 001, 0.1, 10 and
100 umolkg™! gave dose-ratios of 1.6+ 0.2, 2:3+0.5,
50 + 1.1 and 21.7 + 3.9, respectively (n = 4 or 5). The dose
required to give a (dose-ratio — 1) = 10 was 4.5 umol kg™ *.

Discussion

There is much evidence to suggest that histamine is involved
in the control of arousal. Histaminergic pathways originating
from the reticular formation project diffusely to the cerebral
cortex in a similar way to monoaminergic pathways con-
cerned with alertness (Garbarg et al, 1980; Pollard &
Schwartz, 1987). Further, administration of histamine or drugs
which enhance histaminergic transmission leads to desyn-
chronization of the EEG and wakefulness (Wolf & Monnier,
1973; Monti et al., 1986; Lin et al., 1988), and histamine may
also modulate the activity of medullary neurones (Jones et al.,
1983; Bradley et al., 1984). Circadian rhythms in the level of
histamine have been found in various regions of the brain
(Friedman & Walker, 1968; Orr & Quay, 1975), and the rate
of formation of histamine is elevated in rodents during the

period of darkness when spontaneous activity is maximal
(Schwartz et al., 1976).

Nevertheless, it is possible that pharmacological activity
other than H, antagonism may give rise to sedation with anti-
histamines, and the drugs used in the present study, in partic-
ular chlorpheniramine, are not specific H,-receptor
antagonists. Chlorpheniramine also modulates the activity of
monoamine transmitters, with evidence both in vitro and in
vivo of moderate to marked inhibition of 5-HT, noradrenaline
and dopamine uptake compared with drugs, such as tricyclic
antidepressants, which have recognised effects on reuptake
mechanisms (Carlsson & Lindqvist, 1969; Farnebo et al,
1970; Fuxe et al., 1970; Horn et al., 1971; Lidbrink et al.,
1971; Symchowicz et al., 1971; Korduba et al., 1973; Young et
al., 1988).

With respect to the other receptors examined, the binding
data indicate that interactions of chlorpheniramine and dime-
thindene occur only at relatively high concentrations. Pre-
vious studies have also shown that chlorpheniramine has
much lower affinity for peripheral a-adrenoceptors and
muscarinic sites than for H,-receptors (O’Neill & Patil, 1975;
Van den Brink & Lien, 1977), and that (+ )-chlorpheniramine
is similarly less potent at central muscarinic sites (Kubo et al.,
1987). Published studies on dimethindene are limited, though
the racemic compound has less potent anticholinoceptor than
antihistamine receptor activity, both centrally and periph-
erally, and does not antagonize cardiovascular effects of nor-
adrenaline, adrenaline and acetylcholine in the dog. However,
doses of dimethindene which inhibit histamine-induced
gastro-intestinal motility also reduce the response to S-HT
(Barrett et al., 1961; Kubo et al., 1987).

In the present study, changes in measures of drowsiness and
performance with (—)-chlorpheniramine and (+ )-dimethin-
dene, the enantiomers with low affinity for the H,-receptor,
were not different from those with placebo. This would indi-
cate, too, that any other pharmacological activity of these
antihistamines is unlikely to be a significant factor in their
sedative action, unless such activity is also related to steric
configuration. The binding data suggest that this is unlikely.
(+)-Chlorpheniramine showed either similar affinity to the

Table 4 Inhibition of radioligand binding at central receptors by the enantiomers of chlorpheniramine and dimethindene, and by

triprolidine
K (um)
Chlorpheniramine Dimethindene
Receptor Standard agent K{(n™) Triprolidine (+) (-) (+) (-)
o, Prazosin 0.15 1.6 26 27 0.33 0.55
o, Phentolamine 3.1 >10.0 >10.0 >10.0 >10.0 >10.0
B Propranolol 4.1 >10.0 >100 >10.0 >10.0 >10.0
5-HT, 5-HT 1.1 >10.0 >10.0 >10.0 28 >100
5-HT, Ketanserin 1.8 33 >10.0 1.9 >10.0 22
Muscarinic Atropine 0.87 >10.0 >10.0 >10.0 >10.0 093
Benzodiazepine Flunitrazepam 22 >10.0 >10.0 >10.0 >10.0 >10.0
D, Butaclamol 33 >10.0 >10.0 >100 2.7 03

Each value represents the mean of two experiments performed in duplicate, using 5-6 concentrations for each compound.
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(—)-isomer, or was less active, at various central receptors,
and although (—)-dimethindene was more potent than (+)-
dimethindene at 5-HT,-, muscarinic and dopamine
D,-receptors, inhibitory concentrations were in the micro-
molar range. It has also been reported previously that the
enantiomers of chlorpheniramine have similar affinities for
cholinoceptors and adrenoceptors (O’Neill & Patil, 1975; Van
den Brink & Lien, 1977). Further, though comparative studies
of modulation of 5-HT and noradrenaline activity have not
been carried out, it is known that inhibition of dopamine
uptake with chlorpheniramine is not stereoselective
(Symchowicz et al., 1971).

Although enantiomers share the same physico-chemical
properties and should, therefore, be absorbed and penetrate
the central nervous system with equal ease, stereoselectivity
may lead to pharmacokinetic differences due to differences in
protein binding or metabolism (Williams & Lee, 1985;
Drayer, 1986; Lam, 1988). Studies have shown that (+)-
chlorpheniramine is metabolised more rapidly than the (—)-
isomer in rat and rabbit liver microsomes, but not in those of
the mouse. Further, when the enantiomers were given as the
pseudoracemate, differences in metabolism were potentiated in
rabbit, but not rat, microsomes (Thompson & Shioshita,
1981).

Clearly, there are species differences in chlorpheniramine
metabolism, and enantiomeric interaction may occur when
the isomers are administered together. Studies in man have
demonstrated higher serum levels and slower elimination of
(+)-chlorpheniramine following both simultaneous and
separate administration of the isomers (Miyazaki & Abuki,
1976; Fujiwara et al., 1989). However, it is unlikely that such
differences would explain entirely the differential effects of the
isomers of chlorpheniramine observed in the present study in
which higher doses were used. Further, there is no evidence
that the metabolism of dimethindene is influenced by steric
configuration.

Previous studies in the cat have indicated that electroen-
cephalographic effects of (—)- and (+)-chlorpheniramine are
not related to their ability to antagonize histamine (Faingold
& Berry, 1972). However, this does not appear to be the case
in man. Sedation with both chlorpheniramine and dimethin-
dene was limited to the enantiomers with high affinity for the
histamine H,-receptor. While (—)-chlorpheniramine and (+)-
dimethindene were without effect on the measures tested, (+)-
chlorpheniramine and (—)-dimethindene increased the ten-
dency to fall asleep, and subjects reported that they felt more
sleepy. (+)-Chlorpheniramine also impaired performance,
with lower scores on the digit symbol substitution test.

(+)-Chlorpheniramine is 30-200 times more potent than
the (—)-isomer in antagonizing histamine-induced contraction
of the guinea-pig ileum (Roth & Govier, 1958; Van den Brink
& Lien, 1977), and is approximately 100 times more potent in

References

AHN, H-S. & BARNETT, A. (1986). Selective displacement of
[*H]lmepyramine binding from peripheral vs. central nervous
system receptors by loratadine, a non-sedating antihistamine. Eur.
J. Pharmacol., 127, 153-155.

ANSCOMBE, F.J. (1961). Examination of residuals. Proc. 4th Berkeley
Symp. Math. Statist. Prob., 1, 1-36.

BARNETT, A, IORIO, L.C, KREUTNER, W, TOZZ], S., AHN, HS. &
GULBENKIAN, A. (1984). Evaluation of the CNS properties of
SCH29851, a potential non-sedating antihistamine. Agents
Actions, 14, 590-597.

BARRETT, W.E, HUEBNER, CF., RUTLEDGE, R.A, DEITRICH, A. &
PLUMMER, AJ. (1961). A pharmacological evaluation of
dimethpyridene maleate (Forhistal). Toxicol. Appl. Pharmacol., 3,
534-544.

BORCHARD, U., HAFNER, D. & HEISE, R. (1985). H,-antagonistic
actions of (+)- and (—)-dimethindene. Naunyn-Schmiedebergs
Arch. Pharmacol., 330, Abstract 42.

BOX, G.E.P. & COX, D.R. (1964). An analysis of transformations. J.R.
Statist. Soc., 26B, 211-232.

vivo against histamine-induced lethality in guinea-pigs (Roth
& Govier, 1958). Marked differences between the activity of
the enantiomers have also been observed in rabbit aorta
(O’Neill & Patil, 1975). Similarly, there is also evidence for
stereoselective antagonism of H,-receptors in the central
nervous system. (+ )-Chlorpheniramine inhibits [*H]-mepyra-
mine binding to brain membranes to a greater (up to 240
times) extent than the (—)-isomer in a number of species,
including man (Hill et al., 1978; Tran et al., 1978; Chang et al.,
1979; Quach et al., 1980). It is of interest that there are no
marked species differences in stereoselectivity ratios, even
though the ability of chlorpheniramine to displace the labelled
ligand varies (Chang et al., 1979).

Dimethindene is a potent H, antihistamine, with activity
similar to or greater than that of (+)-chlorpheniramine in a
number of tests of histamine receptor function (Barrett et al.,
1961) and in receptor binding studies (Tran et al., 1978; Kubo
et al., 1987). Its stereoselectivity with respect to H, sites is less
well documented, but (—)-dimethindene is between 20 and
100 times more potent than the (+)-isomer in blocking the
response to histamine receptor activation in various guinea-
pig tissue preparations (Borchard et al., 1985). In the present
study, the stereoselectivity ratio on guinea-pig ileum was
greater than 50, and (—)-dimethindene was a more potent
inhibitor of histamine-induced bronchoconstriction than the
(—)-isomer.

These studies in man with enantiomers of chlorpheniramine
and dimethindene strongly suggest that sedation can arise
from H, antagonism alone. Drugs such as terfenadine, astemi-
zole, loratadine and mequitazine which are either non-
sedating or non-sedating at certain therapeutic doses (Clarke
& Nicholson, 1978; Nicholson, 1982; Nicholson & Stone,
1982; 1983; Bradley & Nicholson, 1987) usually exhibit poor
penetration of the central nervous system, and in some cases
possibly lower affinity for central H,-receptors than for per-
ipheral sites (Quach et al., 1980; Barnett et al., 1984; Ahn &
Barnett, 1986; McQuade et al, 1990). The stereoselective
activity of two potent antihistamines shown in the present
study in man provides further support to the belief that the
histaminergic system is concerned with the regulation of alert-
ness.

The authors are indebted to Dr A. Belyavin and Mrs A. Berry (R.A.F.
Institute of Aviation Medicine) for statistical advice, to Mr R. C.
Blakemore and Dr M. E. Parsons (Smith, Kline and French Research)
for ileal assays, and to Mrs M. Pipkin (Smith, Kline and French
Research) for the bronchoconstriction measurements.

The authors thank Zyma and Smith, Kline and French Research
for gifts of dimethindene and chlorpheniramine, respectively.

ADM. gratefully acknowledges support by grants from the
S.ER.C. and Smith, Kline and French Research under the C.AS.E.
scheme.

BRADLEY, P.B, JONES, H. & ROBERTS, F. (1984). Histamine poten-
tiates the effects of excitatory amino acids on quiescent neurones
in the rat medulla. Br. J. Pharmacol., 82, 195P.

BRADLEY, CM. & NICHOLSON, A.N. (1987). Studies on the central
effects of the H,-antagonist, loratadine. Eur. J. Clin. Pharmacol.,
32, 419-421.

BROWN, E.A, GRIFFITHS, R, HARVEY, CA. & OWEN, D.A.A. (1986).
Pharmacologial studies with SK&F 93944 (temelastine), a novel
histamine H,-receptor antagonist with negligible ability to pen-
etrate the central nervous system. Br. J. Pharmacol., 87, 569-578.

CARLSSON, A. & LINDQVIST, M. (1969). Central and peripheral
monoaminergic membrane-pump blockade by some addictive
analgesics and antihistamines. J. Pharm. Pharmacol., 21, 460-464.

CHANG, RS.L, TRAN, V.T. & SNYDER, S.H. (1979). Heterogeneity of
histamine H,-receptors: Species variations in (*H)mepyramine
binding of brain membranes. J. Neurochem., 32, 1653—-1663.

CHENG, Y.C. & PRUSOFF, W.H. (1973). Relationship between inhibi-
tion constant (K;) and the concentration of inhibitor which causes
50 percent inhibition (IC;,) of an enzymatic reaction. Biochem.



SEDATIVE EFFECTS OF ENANTIOMERS OF ANTIHISTAMINES 275

Pharmacol., 22, 3099-3108.

CHIU, T.H., DRYDEN, D.M. & ROSENBERG, H. (1982). Kinetics of (*H)-
flunitrazepam binding to membrane bound benzodiazepine recep-
tors. Mol. Pharmacol., 21, 57-66.

CLARKE, CH. & NICHOLSON, A.N. (1978). Performance studies with
antihistamines. Br. J. Clin. Pharmacol., 6, 31-35.

DRAYER, D.E. (1986). Pharmacodynamic and pharmacokinetic differ-
ences between drug enantiomers in humans: An overview. Clin.
Pharmacol. Ther., 40, 125-133.

DUNNETT, C.W. (1964). New tables for multiple comparisons with a
control. Biometrics, 20, 482—491.

FAINGOLD, C.L. & BERRY, C.A. (1972). A comparison of the EEG
effects of the potent antihistaminic (DL-chlorpheniramine) with a
less potent isomer (L-chlorpheniramine). Arch. Int. Pharmacodyn.,
199, 213-218.

FARNEBO, L.-O.,, FUXE, K., HAMBERGER, B. & LJUNGDAHL, A. (1970).
Effect of some antiparkinsonian drugs on catecholamine neurons.
J. Pharm. Pharmacol., 22, 733-737.

FRIEDMAN, AH. & WALKER, CA. (1968). Circadian rhythms in rat
mid-brain and caudate nucleus biogenic amine levels. J. Physiol.,
297, 77-85.

FUJIWARA, K., INAMOTO, K., KAWAIL S. & SAKAMOTO, T. (1989).
Behavior of chlorpheniramine in vivo after administration of d-
and 1-chlorpheniramine maleate. Yakugaku Zasshi, 109, 59—64.

FUXE, K., GOLDSTEIN, M. & LJUNGDAHL, A. (1970). Anti-
parkinsonian drugs and central dopamine neurons. Life Sci., 9,
811-824.

GARBARG, M, BARBIN, G, LLORENS, C., PALACIOS, J.M., POLLARD,
H. & SCHWARTZ, J.C. (1980). Recent developments in brain hista-
mine research: Pathways and receptors. In Neurotransmitters,
Receptors and Drug Action. ed. Essmann, W.B. pp. 179-202, New
York: Spectrum.

GREENGRASS, P.M. & BREMNER, R. (1979). Binding characteristics of
3H-prazosin to rat brain a-adrenergic receptors. Eur. J. Phar-
macol., 55, 323-326.

HILL, S.J, EMSON, P.C. & YOUNG, JM. (1978). The binding of
[*H]mepyramine to histamine H,-receptors in guinea-pig brain. J.
Neurochem., 31, 997-1004.

HODDES, E., ZARCONE, V., SMYTHE, H., PHILLIPS, R. & DEMENT,
W.C. (1973). Quantification of sleepiness: A new approach. Psy-
chophysiology, 10, 431-436.

HORN, A.S,, COYLE, J.T. & SNYDER, S.H. (1971). Catecholamine uptake
by synaptosomes from rat brain. Structure-activity relationships of
drugs with differential effects on dopamine and norepinephrine
neurons. Mol. Pharmacol., 7, 66-80.

JOHN, JA. & QUENOUILLE, M.H. (1977). Experiments: Design and
Analysis, pp. 198-199. London: Griffin.

JONES, H., BRADLEY, P.B. & ROBERTS, F. (1983). Excitatory effects of
microiontophoretically applied histamine in the rat medulla may
be mediated via histamine H,-receptors. Br. J. Pharmacol., 79,
282P.

KORDUBA, C.A, VEALS, J. & SYMCHOWICZ, S. (1973). The effect of
pheniramine and its structural analogues on 5-hydroxytryptamine
in rat and mouse brain. Life Sci., 13, 1557-1564.

KUBO, N., SHIRAKAWA, O., KUNO, T. & TANAKA, C. (1987). Anti-
muscarinic effects of antihistamines: Quantitative evaluation by
receptor-binding assay. Jpn. J. Pharmacol., 43, 277-282.

LAM, Y.W.F. (1988). Stereoselectivity: An issue of significant impor-
tance in clinical pharmacology. Pharmacotherapy, 8, 147-157.

LEVANDER, S, HAGERMARK, O. & STAHLE, M. (1985). Peripheral
antihistamine and central sedative effects of three H,-receptor
antagonists. Eur. J. Clin. Pharmacol., 28, 523-529.

LEYSON, J.E, GOMMEREN, W. & LADURON, P.M. (1978). Spiperone:
A ligand of choice for neuroleptic receptors. 1. Kinetics and char-
acteristics of in vitro binding. Biochem. Pharmacol., 27, 307-316.

LEYSON, J.E, NIEMERGEERS, CJ.E, VAN NEUTEN, JM. &
LADURON, P.M. (1982). *H-ketanserin, 9R41468, a selective *H-
ligand for serotonin-2 receptor binding sites. Mol. Pharmacol., 21,
301-314.

LIDBRINK, P, JONSSON, G. & FUXE, K. (1971). The effect of
imipramine-like drugs and antihistamine drugs on uptake mecha-
nisms in the central noradrenaline and S-hydroxytryptamine
neurons. Neuropharmacology, 10, 521-536.

LIN, J.-S, SAKAI K. & JOUVET, M. (1988). Evidence for histaminergic
arousal mechanisms in the hypothalamus of cat. Neuropharma-
cology, 27, 111-122.

LOFTUS, D.J,, STOLK, .M. & U'PRICHARD, D.C. (1984). Binding of the
imidazoline, UK-14,304, a putative full a,-adrenoceptor agonist,
to rat cerebral cortex membranes. Life Sci., 35, 61-69.

McQUADE, R.D, RICHLAN, K. DUFFY, R.A, CHIPKIN, RE. &
BARNETT, A. (1990). In vivo binding properties of non-sedating

antihistamines to CNS histamine receptors. Drug Dev. Res., 20,
301-306.

MERCER, A.D. (1989). Stereochemical studies of H,-receptor histamine
antagonists. Ph.D. Thesis, School of Pharmacy and Pharmacology,
University of Bath.

MIYAZAKI, K. & ABUKI, H. (1976). Mass fragmentation determination
of d- and 1-chlorpheniramine with aid of the stable isotope tech-
nique. Chem. Pharm. Bull., 24, 2572-2574.

MONTIL J.M,, PELLEJERO, T. & JANTOS, H. (1986). Effects of H,- and
H,-receptor agonists and antagonists on sleep and wakefulness in
the rat. J. Neural Trans., 66, 1-11.

NICHOLSON, A.N. (1982). Antihistaminic activity and central effects of
terfenadine: A review of European studies. Arzneim.-Forsch., 32,
1191-1193.

NICHOLSON, A.N. (1983). Antihistamines and sedation. Lancet, ii,
211-212.

NICHOLSON, A.N. (1987). New antihistamines free of sedative side-
effects. Trends Pharmacol. Sci., 8, 247-249.

NICHOLSON, AN, PASCOE, P.A. & STONE, B.M. (1985). Histaminergic
systems and sleep: Studies in man with H, and H, antagonists.
Neuropharmacology, 24, 245-250.

NICHOLSON, AN. & STONE, BM. (1982). Performance studies with
the H,-histamine receptor antagonists, astemizole and terfenadine.
Br. J. Clin. Pharmacol., 13, 199-202.

NICHOLSON, A.N. & STONE, B.M. (1983). The H,-antagonist mequita-
zine: Studies on performance and visual function. Eur. J. Clin.
Pharmacol., 25, 563-566.

NICHOLSON, AN. & STONE, B.M. (1986). Antihistamines: Impaired
performance and the tendency to sleep. Eur. J. Clin. Pharmacol.,
30, 27-32.

O'NEILL, PJ. & PATIL, P.N. (1975). Stereoisomers of an antihistamine
and the pharmacologic receptors of rabbit aorta. Pharmacol. Res.
Commun., 7, 273-279.

ORR, E. & QUAY, WB. (1975). Hypothalamic twenty four hour
rhythms in histamine, histidine decarboxylase and histamine-N-
methyltransferase. Endocrinology, 96, 941-945.

PECK, A.W., FOWLE, ASE. & BYE, C. (1975). A comparison of tri-
prolidine and clemastine on histamine antagonism and per-
formance tests in man: implications for the mechanism of drug
induced dowsiness. Eur. J. Clin. Pharmacol., 8, 455-463.

PEROUTKA, S.J. & SNYDER, S.H. (1979). Multiple serotonin receptors:
Differential binding of *H-serotonin, *H-lysergic acid diethylamide
and 3H-spiroperidol. Mol. Pharmacol., 16, 687—699.

POLLARD, H. & SCHWARTZ, J.-C. (1987). Histamine neuronal path-
ways and their function. Trends Neurosci., 10, 86-89.

QUACH, T.T., DUCHEMIN, AM., ROSE, C. & SCHWARTZ, J.-C. (1979).
In vivo occupation of cerebral histamine H,-receptors evaluated
with (3H)-mepyramine may predict sedative properties of psy-
choactive drugs. Eur. J. Pharmacol., 60, 391-392.

QUACH, T.T., DUCHEMIN, AM,, ROSE, C. & SCHWARTZ, J.-C. (1980).
Labelling of histamine H,-receptors in the brain of the living
mouse. Neurosci. Lett., 17, 49-54.

ROTH, F.E. & GOVIER, W.M. (1958). Comparative pharmacology of
chlorpheniramine (Chlor-Trimeton) and its optical isomers. J.
Pharmacol. Exp. Ther., 124, 347-349.

SCHWARTZ, J.-C, BARBIN, G, DUCHEMIN, A-M, GARBARG, M,
LLORENS, C, POLLARD, H., QUACH, T.T. & ROSE, C. (1982). Hista-
mine receptors in the brain and their possible functions. In Phar-
macology of Histamine Receptors. ed. Ganellin, C. R. & Parsons,
M. E. pp. 351-391. Bristol: John Wright & Sons Ltd.

SCHWARTZ, J.-C.,, BARBIN, G., GARBARG, M,, POLLARD, H,, ROSE, C.
& VERDIERE, M. (1976). Neurochemical evidence for histamine
acting as a transmitter in mammalian brain. Adv. Biochem. Psy-
chopharmacol., 15, 111-126.

SYMCHOWICZ, S, KORDUBA, C.A. & VEALS, J. (1971). Inhibition of
dopamine uptake into synaptosomes of rat corpus striatum by
chlorpheniramine and its structural analogs. Life Sci., 10, 35-42.

THOMPSON, J.A. & SHIOSHITA, G.W. (1981). Influence of substrate
configuration on chlorpheniramine N-demethylation by hepatic
microsomes from rats, rabbits and mice. Drug Metab. Dispos., 9,
5-9.

TRAN, V.T., CHANG, RSL. & SNYDER, SH. (1978). Histamine
H,-receptors identified in mammalian brain membranes with
[*H]mepyramine. Proc. Natl. Acad. Sci. U.S.A., 75, 6290-6294.

VAN DEN BRINK, F.G. & LIEN, EJ. (1977). pD,-, pA,- and pD,-
values of a series of compounds in a histaminic and a cholinergic
system. Eur. J. Pharmacol., 44, 251-270.

WILLIAMS, LT, JARETT, L. & LEFKOWITZ, R.J. (1976). Adipocyte S-
adrenergic receptors; identification and subcellular localization by
(—)-[*H] dihydroalprenolol binding. J. Biol. Chem., 251, 3096
3104.



276 AN. NICHOLSON et al.

WILLIAMS, K. & LEE, E. (1985). Importance of drug enantiomers in
clinical pharmacology. Drugs, 30, 333-354.

WOLF, P. & MONNIER, M. (1973). Electroencephalographic behav-
ioural and visceral effects of intraventricular infusion of histamine
in the rabbit. Agents Actions, 3, 196.

YAMAMURA, HI1 & SNYDER, SH. (1974). Muscarinic cholinergic
binding in rat brain. Proc. Natl. Acad. Sci. U.S.A., 71, 1725-1729.

YOUNG, CS, MASON, R. & HILL, SJ. (1988). Inhibition by
H,-antihistamines of the uptake of noradrenaline and 5-HT into
rat brain synaptosomes. Biochem. Pharmacol., 37, 976-978.

(Received August 27, 1990
Revised May 10, 1991
Accepted May 24, 1991)



