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Cromolyn has been shown to inhibit histamine release from mast cells induced by various

stimuli in vitro. However, the local effects of cromolyn on codeine-induced wheal and flare

skin reactions are not well understood. Intradermal injection of codeine induced prominent

whealing in almost all humans. We studied the effect of local cromolyn injection on
) )

codeine-induced skin reactions, histamine release, and ultramicroscopic changes in mast

cells in 10 volunteers. The finding in this study showed that injection of a 2% cromolyn

solution before or together with the codeine injection does not affect the subsequent skin

reactions, histamine release and ultramicroscopic changes of mast cells.
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Histamine is released from mast cells in re-
sponse to both immunological and non-im-
munological stimuli. Investigations during the
past two decades have shown that disodium
cromoglycate is capable of inhibiting the in vitro
and in vivo release of mediators from mast cells
in IgE-mediated and non-IgE-mediated reac-
tions (2, 3, 9). However, little is known about
the effects of this agent on wheal and flare
reactions in human skin. Codeine has been
shown to induce histamine release in vivo (4,
10, 14). This stu"dy describes the result of
cromolyn effect on codeine-induced mast cell
alteration, histamine release and skin whealing
responses.

The opinions or assertions contained herein are the private
views of the authors and are not to be construed as official or
as reflecting the views of the Department of the Army or the
Department of Defense.

MATERIAL AND METHODS

The design of the study was approved by the
clinical research and human use committee of
the William Beaumont Army Medical Center.

Histamine dihydrochloride (Calbiochem, San
Diego, CA). Phosphate buffered saline pH 7.4
(PBS) was used as a diluent for the preparation
of cromolyn and codeine solutions. Cromolyn
2 % solution prepared by dissolving commercial
cromolyn capsules (Fison) in PBS. A 1% code-
ine solution was prepared from the codeine-
phosphate reagent supplied for injection
therapy (Wyeth).

Measurement of whealing responses of skin

Ten volunteers were skin tested intradermally
with 0.02 ml of: a) 1% codeine solution, b)
buffered saline (control solution), c) a solution
containing a final concentration of 1% codeine
and cromolyn 2%, and d) cromolyn 2% alone.
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Twenty minutes later, the whealing response of

each skin test was determined by a zero setting
compensating polar planimeter (Leitz) and ex-
pressed as an area in square millimeters. In

order to determine whether prior injection of

cromolyn could block the whealing response to
a subsequent codeine challenge, the codeine
concentration (EDy,) required to elicit an ap-
proximate whealing response of 20 mm? was
determined first in five volunteers. Then, crom-
olyn 2%, 0.04 ml, was injected at three different
sites over the outer aspect of the upper arm at
least 8 cm apart. Site A was challenged with
codeine ED,, dose 30 min later; Site B chal-
lenged 60 min later; and Site C 120 min later.
The skin whealing response was measured 20
min later.

Measurement of histamine release into skin chambers

Four blisters each with 1 cm diameter base were
induced simultaneously (2 on each forearm) in
five subjects as described previously by us (11);
each blister was then unrooted aseptically. A
specially designed plastic collection chamber
with entry and exit ports was placed directly
over the denuded base and kept in place by
appropriate taping. Each chamber was filled
with PBS. Five minutes later the fluid was re-
moved, the chamber irrigated, and filled with
0.3 ml of either: a) Chamber A — 1% codeine
solution; b) Chamber B — PBS alone (negative
control); ¢) Chamber C — a solution containing a
final concentration of codeine 1% and cromo-
lyn 2%; and d) Chamber D — cromolyn 2%. All
chamber fluids were removed after 30 min in-
cubation and stored in coded polyethylene tubes
at —20°C until studied. Histamine was analyzed
by the micro-enzymatic method of Levy &
Widra (7).

Ultramicroscopic studies of skin test sites

The effects of exogenous cromolyn on codeine-
induced mast cell alterations were studied in two
of these subjects. Repeat skin tests were carried
out as mentioned above, and skin biopsies were
obtained 10 min later at the sites of intradermal
injections of either a) codeine, b) control PBS
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Fig. 1. Skin whealing response (mean = SEM) at the sites of
injections of codeine, PBS (control), codeine plus cromolyn
mixture and cromolyn alone. Codeine-induced skin whealing
response was not inhibited by cromolyn.

WHEALING RESPONSE

With ED2o(codein) after
pretreatment with cromolyn

25r

20+

—

15} 2
(mm?)

oL

30 MINUTES 60 MINUTES 120 MINUTES

Fig. 2. Time study of the whealing response (mean * SEM)
to codeine EDy when cromolyn was injected at 30, 60, and
120 min before the codeine. Pretreatment of the skin sites
with cromolyn did not modify the codeine-induced whealing
response.

solution, ¢) codeine, cromolyn, or d) cromolyn
alone. All biopsied sections were coded before
evaluation and embedded in plastic for ultrathin
sectioning and electron microscopy.

Classifications’ were based on examination of
16—20 mast cells in multiple replicative ultrathin
sections (13).



EFFECT OF CROMOLYN ON HISTAMINE RELEASE

HISTAMINE
25} (

20+

(ng/ml) 15}

10+

g I
P e

CODEIN

CONTROL CODEIN +

CROMOLYN

CROMOLYN

Fig. 3. Histamine levels (mean = SEM) in skin chamber fluids
after 30 min incubation with codeine, PBS (control), codeine
plus cromolyn and cromolyn alone. Codeine-induced hist-
amine release was not inhibited by cromolyn.
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RESULTS

Cromolyn effects on skin test

As shown in Fig. 1, the mean whealing re-
sponse to intradermal injection of codeine plus
cromolyn injection was very similar to the mean
whealing response at the codeine injected sites
in all subjects: Mean + SEM mm? was (278 +
33 vs 283 * 42). The whealing response at the
skin sites injected with either a) control buffer-
ed saline or b) cromolyn alone were very small
(8 £ 4 vs 9 = 3). Furthermore, prior injection
of cromolyn into the skin testing sites at inter-
vals up to 2 h prior to codeine did not modify
the codeine-induced whealing response in any
of the five subjects (Fig. 2).

Cromolyn effects on codeine-induced histamine level

A qualitative, very similar pattern of events was
seen in all five subjects (Fig. 3). Skin chamber
fluid histamine levels at sites exposed 30 min

Fig. 4. Electron micrograph of a mast cell from the skin site challenged with codeine or codeine plus cromolyn, showing release

of granules from the cell into the intercellular space (X 6000).



496

S LINGET AL

Fig. 5. Electron micrograph of a typical mast cell from the skin site challenged with normal saline or cromolyn demonstrating

mast cell granules are confined in the cell cytoplasm (x 10,500).

earlier to cromolyn plus codeine (méan £ SEM
19.6 £ 7.2 ng/ml) were not significantly differ-
ent than the histamine levels at sites exposed to
codeine alone (19.4 = 7.9 ng/ml).

The histamine levels in skin chambers to
which cromolyn alone had been added 30 min
previously (4.2 +0.86 ng/ml) were quite similar
to the low histamine levels found in the nega-
tive control PBS chamber fluids (3.6 = 1.0
ng/ml).

Skin biopsy studies

Electron microscopic studies of the upper arm
skin of two subjects injected with codeine alone,
and codeine plus cromolyn (Fig. 4) showed
mast cell granules overwhelmingly outside the
cytoplasm and scattered in the surrounding
stoma. By comparison, mast cells in sites in-
jected with cromolyn alone or control saline,
showed majority of the granules confined in
the cell cytoplasm (Fig. 5).

DISCUSSION

Studies in a number of laboratories have shown
that cromolyn can inhibit mast cell-derived
mediators in a variety of in wvitro and in vivo
experiments (2, 3, 9). It has been postulated
that the beneficial effects of cromolyn in asthma
may be at least in part due to this effect on
mediator release (1). Although topical cromolyn
has been utilized by some groups in the treat-
ment of atopic dermatitis (5), the effects of this
agent on skin mast cell alteration and subse-
quent mediator release has not been well char-
acterized. This information could be of con-
siderable importance in helping to design ef-
fegtive therapy in atopic dermatitis, a condition
in which itching is prominent, and may play a
role in the perpetuation of skin lesions (6).
Because there is often no defined IgE-mediated
mechanism in atopic dermatitis occurring in the
adult, we chose to investigate the effects of
cromolyn on the non-IgE-mediated mast cell
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alterations and subsequent events that are in-
duced in human skin by codeine.

Our findings that local application of crom-
olyn did not alter the expected codeine-induced
changes in human skin, are similar to the in Vitro
and in vivo finding of the effect of cromolyn on
the IgE-mediated hypersensitivity reactions of
the human skin (8, 12).

It is possible, that the lack of cromolyn effect
was due to inadequate absorption of this agent
from the skin chamber fluid through the base
of the skin blister into the dermis. However, we
think that this is unlikely to be a major factor,
since intradermal injection of the same solution
did not inhibit codeine-induced mast cell alter-
ations or whealing responses. Although the
cromolyn powder available for our study con-
tained lactose as a fiJler substance, we have not
found that lactose itself affects skin test reactiv-
ity. We think the most likely explanation is that
cromolyn in the concentration used affects skin
mast cells in vivo less than observed in the in
vivo lung models previously utilized by others (1,
9). Attempts to use higher cromolyn concentra-
tions have been limited by a non-specific irrita-
tive effect in the skin. Studies using vehicles
which permit longer in vivo exposures of the
skin mast cell to cromolyn, or an analogue of
this agent, may uncover therapeutically relevant
effects in skin disorders.
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