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Effect of the Hi Antihistamine
Chlorpheniramine Maleate on Histamine-induced
Symptoms in the Human Conjunctiva

Indirect Evidence for Nervous H, Receptors
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Earlier studies have shown that intranasal chlorphenitamine (0.77 7c) can inhibit histatnine-
induced tickling, sneezing, and hypersecretion by a local effect on nerve fibres. The aitn of

,'• the present study was to examine whether this solution has local anaesthetic or para-
sympatholytic properties. If neither of these properties are present it suggests that the
anti-pruritic effects of the solution are caused by inhibition of H | receptors, which in turn is
indirect evidence for the presence of H | receptors on nerve fibres. In a double-blind design
15 normal subjects were provoked with histamine in the eye after pretreatment with

- • ' chlorphenitatnine or with a local anaesthetic, oxybuptocain. Both drugs inhibited itching,
but the H1 antihistatnine was signiftcantly tnore effective than the local anaesthetic
(P < 0,01), Corneal senstivity was measured by an esthesiotneter, and pupil diffeience was
used as a measure for atropine activity, Chlorpheniramine had neither a local anaesthetic
nor a parasytnpatholytic effect. This study has therefote stretigthetied the hypothesis that
there are nervous H | receptors in the mucous tnetnbranes of the eye and airways, and has
extended its application in anitnals to also include tnan.
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; : CLINICAL ASPECTS
; In the treatment of allergic rhinitis there is a need for a symptomatic drug, which acts almost

immediately but without risk of systemic side effects. In a series of studies we have therefore
examined the effect of nasal sprays, containing Hj and H2 antihistamines, on histamine-
induced symptoms. The results are: 1) the mode of action is local, and not via the CNS, 2) the
Hi and the H2 antihistamines have an additive effect on blockage, and 3) only the Hi
antihistamine inhibits tickling, sneezing and hypersecretion. In conclusion, these studies have
provided a rationale for topical antihistamine treatment, and suggest that further experiments
might he worthwhile.

Exogenous histatnine can imitate the immedi- ally considered as being due to the relatively
ate allergic symptoms in the eye, nose and greater importance of other mediators in the
bronchi (2, 10), and the therapeutic efficacy of bronchi (1, 7), but also the possibility of a poor
H, receptor antagonists suggests that histamine drug accessibility to receptor sites has been
and H, receptors play an important role in tnentioned as a part of the explanation (5).
mediating type-1 allergic reactions in the eye It is generally accepted that H, antihist-
and nose (12, 18). The lack of a clinically signif- amines counteract the histamine effect on
icant effect of antihistamines in asthma is usti- smooth muscles in blood vessels and in the
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bronchial wall by binding to specific, pharma-
cological H| cell receptors (5, 14). But hist-
amine can also cause bronchoconstriction, itch-
ing in the eye and nose, and sneezing via action
on the sensory nerves (17), and it is less obvious
how the H, antihistamines inhibit these reflex-
mediated symptoms.

In a series of studies of antihistamines' mode
of action in the human airway (9, 16) we have
recently shown that the H, antihistamine,
chlorpheniramine maleate, inhibits histamine-
induced nasal symptoms by a local effect in the
mucous membrane and not by an effect on the
central nervous system; it was concluded that
the most likely explanation of the H, antihist-
amine inhibition of tickling, sneezing and
hypersecretion is an effect on sensory nerve
endings. It is not easy to account for this action,
as pharmacological H | receptors on nerve
fibres have not been demonstrated before, al-
though their presence has been suggested in
animal experiments (4, 15). Other possible ex-
planations, often referred to in standard text-
books, are local anaesthetic and parasympatho-
lytic effects ofthe antihistamine molecule (5, 14).

In our earlier studies we demonstrated a
marked inhibition of the histamine effect on
sensory nerves in the nose by pretreatment with
a 0.77% solution of chlorpheniramine maleate
(9, 16), and it was the aim of the present
experiment to study whether this solution,
which has anti-pruritic qualities, also possesses
local anaesthetic and parasympatholytic charac-
teristics. If this is not the case, it will provide us
with indirect evidence for the presence of ner-
vous HI receptors in man. For this purpose we
found the conjunctival sac more suitable than
the nasal mucosa, because sensitivity and atro-
pine activities of the solution can be readily
measured in the eye.

MATERIAL AND METHODS

Volunteers. Eifteen medical students with no hi-
story of allergic or chronic-recurrent diseases in
the airways or eyes volunteered for the study.
The mean age was 23.6 years (range 22—38); six
were females and nine males. Consent was ob-
tained after verbal and written information.

HI recptor antagonist. Chlorpheniramine maleate
(in the remainder of this text, referred to as
chlorpheniramine), which is a potent antihist-
amine, effective in a low dosage, had also been
used in the earlier studies (9, 16). It was sup-
plied as a powder from the Glaxo Group Ltd.,
Ware, Hertfordshire, U.K. A solution of 7.7 mg
chlorpheniramine in 1 ml of saline was made up
by the pharmacy at the Rigshospital. The osmol-
arity was calculated to 325 mosm and pH
measured to 4.8. No preservative was added.
The chlorpheniramine solution, the local an-
aesthetic, and placebo (0.02% benzalkonium
chloride) were filled in plain eyedrop bottles,
which were coded by a technician not participat-
ing in the trial.

Local anaesthetic. Oxybuprocain hydrochloride
(referred to as oxybuprocain) 0.2% was chosen,
because for years it has been used by ophthal-
mologists as a non-irritating and effective sur-
face-anaesthetic for short ophthalmological
procedures.

Histamine provocation. Histamine chloride (refer-
red to as histamine) was used in the same con-
centration (0.77 mg/ml distilled water) as in our
studies of histamine provocation of the nose.
Two drops of histamine, and of the other solu-
tions were instilled in the conjunctival sac, while
the student looked up at the ceiling.

Trial de.sign. This was double-blind with each
volunteer as his own control. The trial took
place in December 1980 at the same time of
day (1—3 p.m.). The students were provoked
with histamine in both eyes on two occasions at
1—2 days' interval. Ten minutes earlier they
had been pretreated in a random order with
either antihistamine in one eye and placebo in
the other, or with local anaesthetic in one eye
and placebo in the other.

Statistical analysis. Wilcoxon's sign rank test for
paired data was used, and 2a^0.05 considered
as significant.

Symptom recording. Irritancy from antihistamine,
local anaesthetic and placebo was estimated by
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the student as 0 (none), 1 (slight, of no signifi-
cance for continuous use), 2 (moderate, of
some significance for continuous use), and 3
(severe, not compatible with continuous use).
Itching immediately after histamine provoca-
tion was also given a score from 0—3, and so
was redness of the conjunctiva 5 min after
provocation. Corneal sensitivity was measured
by a corneal esthesiometer, described by
Keeney (8). The instrument used consists of a
single nylon filament which is inserted in a
handle in such a way that the length of the
filament can be changed and easily measured.
With the filament extended, its tip is brought
into perpendicular contact with cornea. If no
sensation is evoked, the filament is progressive-

ly shortened, until the patient senses the con-
tact. Sensitivity is then recorded as the length
of the filament. Contact with the sensitive lashes
is a source of error. Throughout the study we
looked for divergence of pupil diameters, as
this can detect the effect of atropine in a con-
centration of 1 [xg/ml (6).

RESULTS

The results, depicted in the diagrams (Figs.
1-3) were as follows: 1) Only chlorpheniramine
prevented redness. 2) This effect was almost
complete. 3) Both chlorpheniramine and oxy-
buprocaine prevented itching, but the antihist-
amine was significantly better than the local

Chlorpheniramine Oxybuprocain
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Fig. 1. Drug-prevention of histamine-induced redness oT the eye in 15 normal suhjects. - , +-I- and -I- + + indicate increasing
degrees of redness.
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Fig. 2. Drug-prevention ol histamine-induced itching in the eye in 1.5 normal subjects. —, ++ and -i--t--)- indicate increasing
degrees of itching. , , ^ : . . .
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Fig. 3. Direct drug-efiect on corneal sensitivity in 1.5 normal suhjects. Scales indicate the reduction in length of the
esthesiometer filament after use of the eyedrop. Thus, "4" indicates that the volunteer, after using ihe eyedrop, was only able
to sense the nylon filament when it was 4 cm shorter than before medication.
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Table 1

Itnmediate irritation after use of eyedrops
(no histamine provocation)

Chlorphenir-
Placebo . Oxybuprocain

amine maleate
(n = 30)

(n = l.'i)

None
Slight
Moderate
Severe

24
6

2

7

6

10

a
1
1

anaesthetic. 4) Only the latter had an effect on
corneal sensitivity. 5) No divergence of pupil
diameter was seen. 6) Chlorpheniramine in the
given concentration was a moderate irritant in
the normal eye (Table 1).

DISCUSSION

There is ample experimental and clinical evi-
dence for the importance of refiex-induced
symptoms in allergic rhinitis and asthma, which
are both characterized by mucous membranes
which are hyperreactive to inhaled irritants,
mechanical stimulation, and the chemical medi-
ators released by the allergic reaction (11, 13).
We usually consider the reflex-mediated symp-
toms to be due to stimulation of nervous re-
ceptors, i.e. "sneezing, cough and irritant re-
ceptors\ but our conception of well-defined
nerve fibre endings as receptors is based on
electrical recording of action potentials from
single nerve fibres in subhuman mammals (17),
and not on direct evidence from human studies.

While there is indirect but good evidence that
the irritant receptor in the bronchial tree is
located to afferent myelinated nerve fibres, end-
ing 1—2 (xm from the luminal surface of the
epithelium (17), only non-myelinated nerves
have so far been described in the epithelium of
the human nose (3), and our knowledge about
the structure and neurophysiology of nervous
receptors in the human nose is very incomplete.

In a series of studies of the human nose, we
have indirectly tried to get information about
the role played by nervous receptors in allergic

rhinitis by measuring the response to nasal hist-
amine provocation. While both H, and H2 anti-
histamines were necessary for maximum inhi-
bition of the histamine-induced nasal blockage
(16), only the H, antihistamine could, by a local
mode of action, inhibit tickling, sneezing, and
rhinorrhoea (9, 16). The present study suggests
that this was not due to a local anaesthetic or
parasympatholytic effect of the antihistamine,
and provides therefore indirect evidence for the
existence of nervous H , receptors in the airway
mucosa of the human nose.

The are also other lines of evidence for the
existence of nervous H, receptors in the air-
ways. Sampson & Vidruk (15) examined the
effects of H| and H2 antagonists on histamine-
provoked activity in fibres from airway re-
ceptors in dog lungs. While the H^ antagonist,
burimamide, was essentially without effect, the
H| antagonist, chlorpheniramine, completely
abolished the increase in activity of the rapidly
adapting receptors. However, the suprapharm-
acological chlorpheniramine dosage given (5
mg/kg i.v. as compared with the usual single
oral dose of 0.1 mg/kg used in hay fever treat-
ment), makes it difficult to rule out non-
selective effects, such as local anaesthetic prop-
erties or CNS depression. But these possibilities
are unlikely, as the authors were unable to
inhibit the excitatory effect of prostaglandin E,̂ ,
and of lung hyperinflation on nervous receptors
with this very high chlorpheniramine dose.

Dixon and co-workers (4) could inhibit the
irritant teceptor excitation in the dog bronchi
with chlorpheniramine at a much lower dosage
(0.1 mg/kg i.v.). Although these results are
highly suggestive of the existence of nervous
H ( receptors, the authors would not exclude
the possibility that the histamine stimulation of
lung irritant receptors could be attributed to
contraction of underlying bronchial smooth
muscle. It therefore remained a theoretical
possibility that bronchial H | receptors are ex-
clusively localized to smooth muscles. In that
case the vagal fibres to bronchi differ from
trigeminal fibres to the nasal mucosa, as hist-
amine-induced tickling and sneezing occur al-
most instantaneously after provocation, before
any nasal blockage can have affected the ner-
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vous receptors. In conclusion, our studies with
histamine provocation of the nose and eye have
str-engthened the hypothesis, advanced by
Sampson & Vidruk (15) and by Dixon and
co-workers (4), that sensory nerve fibres in the
airways possess pharmacological H, receptors,
and have extended the application of this
theory in subhuman mammals to include man.

It now seems likely that histamine-provoked
itching in the eye, tickling in the nose, sneezir-rg
and cough are all mediated via nervous H,
receptors. It remains to be studied whether
these receptors are neurophysiologically and
histologically identical in the different mucous
membranes, and also how the "sneeze receptor"
in the nose compares with other nervous r'e-
ceptors, which mediate pain ar-rd irritation,
when stimulated mechanically and by chemical
irritants.

While serial histamine provocations at 5-min
intervals in the nose resulted in developr-nent of
tachyphylaxis with regard to tickling, sneezing
and hypersecretion, this phenomenon was not
observed for nasal blockage (16), suggesting
basic differences in the responsiveness of
nervous and vascular H, receptors in the same
tissue. Our studies have also suggested a dif-
ference between various organs, regarding
vascular histamine receptors; while both H| and
H.j atitihistamines are necessary for optimal in-
hibition of the congestive response to histar-nine
in the nose, the H, antihistamine alone could
almost completely abolish the vasodilatation in
the eye.

In conclusion, the recent interest in studies of
antihistamine effects in aiiways and eye has
contributed to our understanding of the basic
mechanisms in allergic inflammation, and also
seems to provide us with a rationale for topical
use in the future, but at present we know too
little about corrrpounds of choice, dose-time-
response relationships, clinical efficacy, patient
compliance, irritancy and risk of sensitization.

Finally, the present study has indicated that
the antihistamine compound is an important
part of the combined ar-rtihistamine-vasocon-
strictor eyedrops, used in allergic conjunctivitis;
an assumption which has been supported by a
controlled clinical trial (12).

REFERENCES

1. .Adams, G. K.: In vitro studie.s of antigen-induced bi-on-
chospasm. Monogr. Allergy 14, 9.'j-l().'i, 1979.

2. Bleeeker. E. R.. Rosenlhal. R. R., Menkes, hi.. .Norman, P.
S. Sc Permutt, S.: Physiologic effects of inhaled histamine
in asthma: Reversible changes in pulmonary' mechanisms
and total lung capacity. J. .-Vllergy C-lin. Immunol. 64,
.i97-(iO2. 1979.

i. Cauna, N., Hinderer. K. II. &: Wentges, R. T.: Sensory
receptor organs of the human nasal respiratory mucosa.
.\ni. j . .Anat. 124, 187-210, 1969.

'\. Dixon. M.. Jackson, D. M. & Richards, I. .M.: Ihe effect
of H |- and Ho-receptor agonists and antagonists on total
lung resistance, dynamic lung compliance and irritant
receptor discharge in the anaesthetized dog. Br. J.
Pharmacol. 66, 203-209, 1979.

."). Douglas, W. W.: Histamine and antihistamines: .5-hy-
droxytryptamine and antagonists. In Goodman, L. S. &:
Giliuan, .X. (eds.): The pharmacological basis of thera-
peutics, pp. 590—629. The Macmillan Co., New York,
197.').

(i. hiavener. W. H.: Ocular pharmacology/, p. 244. The C.
V. .Moshy Company, Saint Louis, 1978.

7. Kaliner, M., Wasserman, S. I. & Austen, K. F.: Im-
munologie release of chemical mediators from human
nasal polyps. N. lingl. ]. Med. 2,W. 277-281, 197S.

8. Keeney, .\. hi.: Ocular examination, pp. 80—81. The C.
V. Moshy Company, Sainl t.oui.s. 1970.

9. Kirkegaard, ]., Secher, C &: Mygind, N.: Inhibition of
the histamine-indticed symptoms by the H | antihist-
amine chlorpheniramine maleate. Deinonstralion of
lopical effecl. Br. |. WK. Chest. (Submitted for publica-
tion).

10. Konno. A. ii: Togawa. K.: Role of lhe vidian nerve in
na.sal allergy. .-Vnii. Otol. Rhiuol. Laryngol. SH, 2.'i8-266,
1979.

1 1. Middleton, V.., Reed, C. E. Sc Ellis, E. E. (eds.): Allergy:
principles and practice. The C. V. Mosby Company,
.Saint Louis. 1978.

12. Miller, j . Sc Wolf. E. H.: .'Xntazoline phosphate and
naphazoline hydrochloride, single and in combination
for ihe treaimeni of allergic conjunclivitis — a double-
blind trial. Ann. Allergy ?5, 81-86, 197.').

l.'i. Mygind. M.: .Na.sal allergy. 2nd ed. Blackwell .Scientific
Publications, Oxford. 1979.

14. Pearlman, D. S.: .•\ntihi.stamines, pharmacology and clin-
ical use. Drugs 12, 2.58-27S, 1976.

1.5. Sampson. S. R. i*C- Vidruk, E. H.: The nature of the
receptor mediating stimulant effects of hi.staiuine on
rapidly adapting vagal afferents in the lungs. J. Physiol.
257,509-518, 1979.

16. Secher, C, Kirkegaard. ]., Borum. P.. Maans.son, .\.,
Osterhammel, P. & Mygind, N.: Significance of H] and
H2 receptors in the human nose. Rationale for topical use
of combined antihistamine preparations. J. Allergy Clin.
Immunol. (Submitted for publication).



208 J. KIRKEGAARD ET AL.

17. Widdicombe, J. G.: Respiratory reflexes and defence. In Address:
Brain, D. F., Proctor, D. E. & Reid, L. M. (eds.): Respira-
tory defence mechanisms, part 2, pp. 593-630. Marcel Niek Mygind, M.D.
Dekker, New York, 1977. Otopathological Laboratory

18. Wong, [.., Hendeles, L. Sc Weinberger, M.: Pharmaco- Rigshospitalet
logic prophylaxis of allergic rhinitis: Relative efficacy of Blegdamsvej 9
hydroxyzine and chlorpheniramine. J. ."Mlergy Clin. Im- DK-2100 Copenhagen
munol. 67, 223-228, 1981. Denmark




