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Abstract

We studied the effects of lavender oil on mast cell-mediated immediate-type allergic
reactions in mice and rats.

Lavender oil (1:500, 1:100, 1:10, 1:1, 1:0) inhibited concentration-dependently mast
cell-dependent ear swelling response induced by compound 48/80 in mice by both topical
and intradermal application. Lavender oil (1:500, 1:100, 1:10, 1:1, 1:0) inhibited
concentration-dependently passive cutaneous anaphylaxis induced by anti-dinitrophenyl
(DNP) IgE in rats by both topical and intradermal application.

Lavender oil (1:500, 1:100, 1:10, 1:1, 1:0) also inhibited concentration-dependently
the histamine release from the peritoneal mast cells by compound 48/80 or anti-DNP IgE.
Moreover, lavender oil (1:1000, 1:100, 1:10, 1:0) had a significant inhibitory effect on
anti-DNP IgE-induced tumour necrosis factor-o secretion from peritoneal mast cells.

These results indicate that lavender oil inhibits immediate-type allergic reactions by

inhibition of mast cell degranulation in-vivo and in-vitro.

Lavender oil is most versatile and is useful in
skincare preparations for all skin types. Several oils
present in fruits, seeds and flowers are known to
exert anti-anaphylactic effects (Kim et al 1997;
Shin et al 1997).

It is now well established that mast cells trigger
immediate type allergic reactions in response to
allergens by releasing chemical mediators (Church
& Caulfield 1993). Degranulation of mast cells is
caused by non-immunologic secretagogues like
substance P (Hua et al 1996), compound 48/80
(Shin et al 1997), and extracellular ATP (Sudo et al
1996), which result in rapid and marked histamine
release (Pearce 1989). Histamine induced anaphy-
lactic responses such as vasodilation, increased
vascular permeability and contraction of smooth
muscles. Thus, mast cells may play some important
roles in diverse immunological and pathological
processes (Wershil & Galli 1994). Compound
48/80 is best known as a potent inducer of degra-
nulation and of the release, from mast cells, of
histamine and other chemical mediators which are
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responsible for anaphylactic reactions (Allansmith
et al 1989). The secretory response of mast cells
can also be induced by aggregation of their cell
surface-specific receptors for IgE by the corre-
sponding antigen (Segal et al 1977; Metzger et al
1986; Alber et al 1991). The anti-IgE antibody has
been established to induce passive cutaneous ana-
phylaxis (PCA) reaction as a typical model for the
immediate type allergic reactions. The skin of rat is
a useful site for studying PCA (Saito & Nomura
1989). Given the recent evidence that upon antigen
stimulation mast cells are a potential source of
various cytokines, including tumour necrosis fac-
tor-o. (TNF-o) (Burd et al 1989; Plaut et al 1989;
Wodnar-Filipowicz et al 1989; Galli et al 1991;
Gurish et al 1991), it is likely that they play a
crucial role in allergic inflammation. The role of
TNF-o is of particular interest because the mast cell
is the only known cell to store TNF-a and is thus
able to release this mediator immediately upon
activation (Zhang et al 1992). Therefore, modula-
tion of TNF-o secretion by mast cells should pro-
vide us with a useful therapeutic strategy for
allergic diseases.

In this paper, we show that lavender oil inhibits
both compound 48/80-induced ear swelling response
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in mice and anti-dinitrophenyl (DNP) IgE-induced
PCA in rats. We also investigated the influence of
lavender oil on compound 48/80 and anti-DNP IgE-
induced histamine release and anti-DNP IgE-induced
TNF-o secretion from peritoneal mast cells.

Materials and Methods

Materials

Lavender oil was purchased from The Aromather-
apy Products Limited, Brighton, UK. Compound
48/80, anti-DNP IgE, DNP-human serum albumin
(HSA), bovine serum albumin, and metrizamide
were purchased from Sigma Chemical Co. (St
Louis, MO). Murine TNF-« and anti-murine TNF-«
were obtained from Genzyme (Cambridge, MA).
Tissue culture flask and plates were obtained from
Nunc  (Naperville, IL). WB—+/+ and
C57BL6—+4/+ mice were raised in our laboratory,
and (WB x C57BL/6) F;—+/+ and —W/W" mice
(hereafter called WBB6F,—+/+ and —W/W'
mice) were purchased from the Japan SLC
(Hamamatsu, Japan). WBB6F;-W/W" mice are
genetically deficient in mast cells (Kitamura et al
1978). Mice were used at two to four months of
age. The original stock of Wistar rats was pur-
chased from Dae-Han Experimental Animal Center
(Eumsung, Chungbuk, South Korea), and the ani-
mals were kept at the College of Pharmacy,
Wonkwang University. The animals were housed
five to ten per cage in a laminar air flow room
maintained under constant temperature (22+ 1°C)
and relative humidity (55+ 10%) throughout the
study.

Ear swelling response in mice

Compound 48/80 (20mgmL ") was freshly dis-
solved in saline and injected intradermally into the
dorsal aspect of a mouse ear using a microsyringe
with a 28-gauge hypodermic needle. Ear thickness
was measured with a digimatic micrometer (Mitu-
toyo, Japan) under mild anaesthesia. Ear swelling
response represented an increment in thickness
above baseline control values. Ear swelling
response was determined 30 min after compound
48/80 or vehicle injection. The values obtained
would appear to represent the effect of compound
48/80 rather than the effect of the vehicle injected
(physical swelling), since, within the 30-min
interval, the ear-swelling response evoked by phy-
siologic saline returned to almost baseline thick-
ness.

PCA in the rat

An IgE-dependent skin reaction was generated by
sensitizing the skin with an intradermal injection of
anti-DNP IgE followed 48 h later with an injection
of DNP-HSA into the tail vein. The anti-DNP IgE
and DNP-HSA were diluted in phosphate-buffered
saline (PBS). The rats were injected intradermally
with 0-5 ug (50 uL) anti-DNP IgE into each of four
dorsal skin sites that had been shaved 48 h earlier.
The sites were outlined with a water-insoluble red
marker. Forty-eight hours later each rat received an
injection of 1 mg DNP-HSA in PBS containing 4%
Evans blue (1:4) through the tail vein. Lavender
oil was administered topically or intradermally 4 h
before the challenge. Lavender oil was diluted in
70% ethanol. Thirty minutes after the challenge,
the rats were killed by decapitation after ether
anaesthesia, and the dorsal skin was removed for
measurement of pigment area. The amount of dye
was then determined colorimetrically after extrac-
tion with ImL 1.0M KOH and 9mL acetone—
phosphoric acid (5:13) by the method of
Katayama et al (1978). The absorbant intensity of
the extraction was measured at 620nm using a
spectrophotometer, and the amount of dye was
calculated with the Evans blue measuring line.

Preparation of peritoneal mast cells

Peritoneal mast cells were isolated as previously
described (Shin et al 1997). In brief, rats were
anaesthetized by ether and injected with 20 mL Tyr-
ode buffer B (in mM: 137 NaCl, 5-6 glucose, 12
NaHCO;, 2.7 KCl, 0-3 NaH,PO,) containing 0-1%
gelatin (Sigma Chemical Co.), into the peritoneal
cavity, and the abdomen was gently massaged for
approximately 90s. The peritoneal cavity was care-
fully opened, and the fluid containing peritoneal cells
was aspirated by a Pasteur pipette. Thereafter, the
peritoneal cells were sedimented at 150 g for 10 min
at room temperature and resuspended in Tyrode
buffer B. Mast cells were separated from major
components of rat peritoneal cells, that is, macro-
phages and small lymphocytes, according to the
method described by Yurt et al (1977). In brief,
peritoneal cells suspended in 1 mL Tyrode buffer B
were layered on 2mL 22-5% w/v metrizamide
(density, 1-120gmL ™", Sigma Chemical Co.) and
centrifuged at 400 g for 15 min at room temperature.
The cells remaining at the buffer-metrizamide inter-
face were aspirated and discarded; the cells in the
pellet were washed and resuspended in 1 mL Tyrode
buffer A (in mM: 10 HEPES, 130 NaCl, 5KCI, 1-4
CaCl,, 1 Mg Cl,, 5-6 glucose). Mast cell preparations
were about 95% pure as assessed by toluidine blue
staining. More than 97% of cells were viable, as
judged by Trypan blue uptake.
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Inhibition of histamine release

Mast cell suspensions (10° cellsmL ™ ") were pre-
incubated for 10 min at 37°C before the addition of
compound 48/80 (5ugmL~"). The cells were
preincubated with the lavender oil preparations,
and then incubated (10 min) with compound 48/80.
Mast cell suspensions were also sensitized with
anti-DNP IgE (10 ugmL ") for 6 h. The cells were
preincubated with the lavender oil at 37°C for 10 min
before the challenge with DNP-HSA (1 ugmL ™).
The cells were separated from the released histamine
by centrifugation at 400 g for 5 min at 4°C. Residual
histamine in cells was released by disrupting the cells
with perchloric acid and centrifugation at 400 g for
5 min at4°C. Histamine content was measured by the
o-phthalaldehyde spectroflurometric procedure of
Shore et al (1959). The fluorescent intensity was
measured at 438 nm (excitation at 353nm) in a
spectrofluorometer.

Assay of histamine release
The inhibition percentage of histamine release was
calculated by using the following equation:

% Inhibition = (a — b) x 100/a (1)

where a is histamine release without lavender oil
and b is histamine release with lavender oil.

Assay of TNF-o. secretion

TNF-u secretion was measured by amodified enzyme-
linked immunosorbent assay (ELISA) as described by
Scuderietal (1986). The ELISA was sensitive to TNF-
aconcentrationsin the mediumabove 1 pgmL ~'. The
ELISA was devised by coating 96-well plates with
6-25ng/well of murine monoclonal antibody with
specificity for murine TNF-«. Before use and between
subsequent steps in the assay, the coated plates were
washed twice with PBS containing 0-05% Tween-20
and twice with PBS alone. All reagents used in this
assay and the coated wells were incubated for 1 h at
room temperature. For the standard curve, rTNF-o was
added to plasma previously determined to be negative
forendogenous TNF-o. Afterexposure tothe medium,
the assay plates were sequentially exposed to rabbit
anti-TNF-o, phosphatase-conjugated goat anti-rabbit
IgG, and p-nitro phenyl phosphate. Optical density
readings were made within 10 min of the addition of
the substrate on a Titertek Multiscan (Flow Labora-
tories) with a 405 nm filter. Appropriate specificity
controls were included.

Statistical analysis
The results obtained were expressed as mean=s.e.
for the number of experiments. Student’s #-test was

used to make a statistical comparison between the
groups. Results with P <0-05 were considered
statistically significant.

Results

In initial experiments, we confirmed that topical
application of compound 48/80 can induce an ear-
swelling response in normal (WBB6F,—+/+)
mice but not in the congenic mast cell-deficient
WBB6F,—W/W' mice. Compound 48/80 sig-
nificantly induced an ear swelling response at
concentrations of 50—200 ug/site (data not shown).
We chose a concentration of 200 ug/site for com-
pound 48/80 for optimal ear-swelling response in
subsequent experiments. As shown in Figure 1,
when mice were pretreated with lavender oil for
30 min, the ear-swelling response with compound
48/80 was reduced concentration-dependently.
Given intradermally, the effect of lavender oil was
slightly weaker than after topical application.
Another way to test mast cell-mediated skin aller-
gic reaction is to induce PCA (Wershil et al 1987).
As described in Materials and Methods local
extravasation is induced by local injection of anti-
DNP IgE followed by an intravenous antigenic
challenge. Anti-DNP IgE was injected in the right
dorsal skin sites of rats. As a control, the left dorsal
skin site of these rats was injected with saline
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Figure 1. Effect of lavender oil on compound 48/80-induced

ear swelling response in WBB6F; —+/+ mice. Ten microlitres
of compound 48/80 (200 ug/site) were applied to the ears of
mice (@, topically; O, intradermally). The skins of the ears
were treated with the indicated concentrations of lavender oil
for 30 min and then stimulated with compound 48/80 (200 ug/
site). Each datum represents the mean = s.e. of seven indepen-
dent experiments. *P < 0-05; significantly different from the
saline value.
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Table 1. Effect of topical and intradermal application of
lavender oil on PCA in rats.

Table 2. Effect of lavender oil on anti-DNP IgE-induced
TNF-o secretion.

Treatment Concentration Amount of Lavender oil Anti-DNP IgE TNF-o secretion
(dilution) dye (ug/site) (dilution) plus DNP-HSA (ngmL™ D)
Topical Intradermal — (Saline) — (Saline) 0-014 £ 0-005
— (Saline) + 0-142+ 0-007
Saline - 4915+£0182  5673+0876 11000 H O oo
Lavender oil 1:100 4.662+ 0454 5.531+1-004 : «
1:10 4163+0501% 5184+0833  1:10 + 0-076+0.009
. 1:0 + 0-065+ 0-003*
1:1 1798 £0-324* 4.628+1-720
1:0 0-945+0-157* 2-367+0-462*

Each dose (10 uL) of lavender oil was applied topically 4 h
before the challenge with antigen. Each amount of dye repre-
sents the mean+ts.e. of three independent experiments.
*P < 0-05; significantly different from the saline value.

alone. After 48h, all animals were injected intra-
venously with DNP-HSA treated with Evans blue
dye. The cutaneous allergic reaction was best
visualized by the extravasation of the dye. Both the
topical and intradermal applications of lavender oil
inhibited PCA concentration-dependently (Table
1). We also found that the intradermal application
of lavender oil showed slightly less substantial
inhibition than that of the topical application.
Lavender oil inhibited concentration-dependently
compound 48/80 or anti-DNP IgE-induced hista-
mine release from peritoneal mast cells (Figure 2).
The inhibitory effect of lavender oil on histamine

Histamine inhibition (%)

T T T T T T
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Figure 2. Effect of lavender oil on compound 48/80 (@) or
anti-DNP IgE-mediated histamine release (O) from peritoneal
mast cells. Peritoneal mast cells (10° cells) were preincubated
with various concentrations of lavender oil (10 uL) at 37°C for
10 min before incubation with compound 48/80 or before the
challenge with DNP-HSA. Each datum represents the mean
+s.e. of three independent experiments. *P < 0-05; signifi-
cantly different from the saline value.

Peritoneal mast cells (106 cellsmL ') were sensitized with
anti-DNP IgE (1 ugmL™") for 16h and incubated for 20 min
with various concentrations of lavender oil (1 uL) before the
challenge with DNP-HSA (0-1 uygmL™") for 4h. Each datum
represents the mean=s.e. of five independent experiments.
*P < 0-05; significantly different from the anti-DNP IgE plus
DNP-HAS-treated value.

release was more significant for compound 48/80
treatment. Lavender oil inhibited concentration-
dependently anti-DNP IgE-induced TNF-« secretion
from peritoneal mast cells (Table 2). No significant
cytotoxicity of the lavender oil on cultures was
observed at the concentrations used in the above
experiments as assessed by Trypan blue uptake.

Discussion

The present study showed that lavender oil potently
inhibited compound 48/80-induced ear swelling
response in mice and anti-DNP IgE-induced PCA
reaction in rats by both topical and intradermal
application. Topical application of lavender oil
tended to be more effective in both reactions than
intradermal application. Lavender oil also inhibited
the compound 48/80 and anti-DNP IgE-induced
histamine release from peritoneal mast cells. There
is no doubt that stimulation of mast cells with
compound 48/80 initiates the activation of a signal-
transduction pathway that leads to histamine
release. Some recent studies have shown that
compound 48/80 and other polybasic compounds
are able, apparently directly, to activate G proteins
(Mousli et al 1990a, b). We observed that topical
application of compound 48/80 did not induce a
swelling response in ears of WBB6F-W/W" mice
that had been locally and selectively repaired of
their mast cell deficiency (data not shown).
Therefore, we speculate that our results indicate
that mast cell-mediated immediate-type allergic
reactions are inhibited by lavender oil. Tasaka et al
(1986) reported that compound 48/80 increased the
permeability of the lipid bilayer membrane by
causing a perturbation of the membrane. This result
indicates that the membrane permeability increase
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may be an essential trigger for the release of
mediators from mast cells. Lavender oil might act
on the lipid bilayer membrane affecting the pre-
vention of the perturbation being induced by
compound 48/80.

Rats receiving lavender oil are protected from
IgE-mediated allergic reaction. The mechanism of
the protection against anti-DNP IgE, while not
clear at present, may be suggested only in particular
conditions. It is conceivable that lavender oil
inhibits the initial phase of immediate type allergic
reactions, probably through interference with the
degranulation system. TNF-¢ is a multifunctional
cytokine that has a pro-inflammatory role. In the
skin, mast cell-derived TNF-o. has been shown to
be critical for neutrophil migration in allergic
inflammation (Wershil et al 1991). Our data
showed that lavender oil inhibited anti-DNP IgE-
induced TNF-o secretion from mast cells. The
effect of lavender oil on mast cell cytokine pro-
duction in-vivo and the relative importance of mast
cells as a source of TNF-« during inflammatory and
immune responses are important areas for future
studies.

Our results demonstrated that lavender oil
inhibited the immediate-type allergic reactions in-
vivo and in-vitro in a murine model. To our
knowledge, this is the first report of such selective
inhibition of mast cell-mediated immediate-type
allergic reactions by lavender oil.
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