
Abstract. Objective and Design: We previously reported that
oral l-ephedrine showed extraordinarily rapid inhibition of
48-h passive cutaneous anaphylaxis (PCA) in rats. In the pre-
sent study, in vivo and in vitro experiments were performed
to elucidate a possible mechanism for the inhibition.
Materials: Rat antiserum was prepared with dinitrophenyla-
ted Ascaris suum extract + Bordetella pertussis.
Treatment: Wistar rats were passively skin-sensitised, active-
ly sensitised or non-sensitised. l-Ephedrine immediately
before provocations was orally or intravenously administered
in in vivo experiments. In in vitro experiments, the drug was
added at various time and concentrations before the chal-
lenge.  
Methods: The intensity of PCA was assessed by dye leakage
method. Histamine and serotonin released in vitro or retained
in the skin in vivo by anaphylaxis were assayed fluoro-
metrically. 
Results: Oral l-ephedrine rapidly inhibited the PCA by in-
hibiting the release of histamine and serotonin from the
reaction site, whereas anaphylactic histamine and serotonin
releases from skin fragments were not affected by the drug.
Furthermore, the orally administered drug influenced neither
the histamine- nor serotonin-induced cutaneous vascular per-
meability. 
Conclusions: These results were strongly indicative that the
prompt suppression of the PCA by oral l-ephedrine was not
exerted following the drug was absorbed from the gastro-
intestinal tract. Thus, the result may be from an indirect inhi-
bition of chemical mediator release, possibly through an
unidentified stimulation of the nervous system, but not from
the inhibition of chemical mediator release by the direct
interaction of drug to mast cells and not from the decreased
vascular permeability. 
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Introduction

We previously reported that Mao-Bushi-Saishin-To, a tradi-
tional Chinese medicinal formula that consists of three kinds
of Chinese plants, Ephedra herb (Mao), Aconiti tuber
(Bushi) and Asiasarum root (Saishin), inhibits 48-h passive
cutaneous anaphylaxis (PCA) even when it is orally admini-
stered immediately before the antigen provocation in the rat.
l-Ephedrine, which is contained in a large amount in the Mao
component, is almost solely responsible for the inhibitory
constituent of the formula [1]. In addition, we also showed
that l-ephedrine does not possess the ability to inhibit the
anaphylactic histamine release from isolated rat peritoneal
crude mast cells in vitro [1]. Hence, the inhibitory effect on
PCA exerted within an extremely short time following oral
administration of the drug can result from one or more of the
following possible mechanisms: 1) direct inhibition of che-
mical mediator (histamine and serotonin) release from skin
mast cells but not peritoneal mast cells, 2) direct or indirect
prevention of the increased vascular (mainly postcapillary
venular) permeability caused by anaphylactically released
chemical mediators and 3) a yet unidentified mechanism.

In this report, to clarify which of the above-mentioned
mechanisms is involved in PCA inhibition, we examined
whether l-ephedrine prevents the decreases of histamine and
serotonin contents in the skin of an anaphylaxis-induced site
in vivo, the histamine- or serotonin-induced cutaneous vas-
cular permeability in vivo, and anaphylactic histamine or
serotonin release from skin fragments in vitro in the rat. 
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Materials and methods

Animals

Seven-week-old, male Wistar rats weighing 150–170 g were purchased
from Japan SLC (Hamamatsu, Japan). Experimental procedures fol-
lowed in this study adhered to the National Institutes of Health Guide
for the Care and Use of Laboratory Animals guideline.

Reagents

Reagents and their sources were Evans blue (Merck, Darmstadt, Ger-
many), sodium pentobarbital (Abbot Lab., North Chicago, IL), and
histamine dihydrochloride, serotonin creatinine sulphate and diethyl
ether (Wako Pure Chem., Osaka, Japan). The other reagents used were
the highest grade of commercial products available.

Drugs

The drug used was l-ephedrine, which was isolated from Mao extracts
in the laboratory of Kotaro Pharm. Co. Ltd., Osaka, Japan [1]. The same
lot of the drug was used through the experiments.

Antigen and antiserum

Dinitrophenylated Ascaris suum extracts (DNP-As) and the antiserum
against them produced in rats were prepared as previously described [1].

PCA

Procedures for PCA and the estimation of Evans blue dye leaked into
the skin as an index of the intensity of the reaction were performed as
previously described [1]. In brief, one hundred ml/site of a 100-fold dilu-
tion of the anti-DNP-As serum was intradermally injected at the shaved
back of the rat. After 48 h, PCA was evoked by intravenous injection of
the antigen (0.3 mg DNP-As/5 mg Evans blue/ml/animal). Thirty minu-
tes later, the skin was removed and the dye leaked into the skin was
extracted for photometrical quantification at 610 nm. 

l-Ephedrine and their vehicles (Aq. pur. for oral administration and
physiologic saline for intravenous injection, for control groups) (2 ml/
kg) were administered immediately (within 20 sec) before the antigen
challenge.

Histamine and serotonin contents in the skin 
of anaphylaxis-induced site

In the experiments to estimate histamine and serotonin contents in ana-
phylaxis-induced skin, PCA was induced by injection of the antigen
without Evans blue. Just before or at various times (or 1 h in the experi-
ment on the effect of l-ephedrine) after the challenge, the animal was
sacrificed and the skin was removed. The isolated skin of the anaphy-
laxis-induced site, to which physiologic saline (200 mg wet skin/5 ml)
was added, was homogenised at 15,000 rpm for 60 sec (Physcotron;
Niti-on, Chiba, Japan). The resultant skin suspension was heated in 
a boiling water bath for 15 min and then centrifuged at 1,700 ¥ g for 
15 min at 4°C. The supernatant was isolated and stored at –20°C until 
the histamine and serotonin assays.

Cutaneous vascular permeability induced by histamine 
and serotonin

Under diethyl ether anaesthesia, the dorsal hair of the rat was removed
by an electrical trimmer. Forty eight hours later, following intravenous
injection of 1 ml/animal of saline containing 0.5% Evans blue, 2 mg/
50 ml/site of histamine or 0.04 mg/50 µl/site of serotonin was intra-
dermally injected into the shaved back of the conscious rat. Thirty
minutes later, the animal was sacrificed, its skin was removed and the
dye leaked into the skin was colorimetrically assayed by the same
procedures as used in the case of PCA [1]. 

l-Ephedrine and the vehicle (Aq. pur. for the control group) were
orally administered in a volume of 2 ml/kg immediately before hista-
mine and serotonin-intradermal injection.

Anaphylaxis of the skin fragments

Rats were sensitised with DNP-As according to Tada and Okumura [2].
Conditions for preparation and antigen challenge of the actively sen-
sitised skin fragments were as described elsewhere [3]. In brief, on day
14 after the first immunisation, following sacrifice of the animal, the
shaved dorsal skin was removed and cut into pieces of approximately 
1 ¥ 1 ¥ 1 mm in size with a razor blade. The fragments were suspend-
ed in Tyrode’s solution and then challenged with antigen (10–4 g/ml 
at final concentration) at 37°C for 15 min. After centrifugation, the
resultant supernatant was used for the histamine and serotonin assays.
For the estimation of histamine and serotonin contents in skin frag-
ments, the non-challenged specimen was treated as the same proce-
dures as those in the skin described above. 

Assays of histamine and serotonin

The supernatants obtained from the above respective experiments were
divided into two portions, one for the histamine assay and the other for
the serotonin assay. The histamine sample was deproteinised by adding
perchloric acid to a final concentration of 3%, followed by centrifuga-
tion at 4°C for 5 min. Then the histamine content was assayed fluoro-
metrically following purification by a histamine analytical system using
high performance liquid chromatography (HPLC, Toso, Tokyo, Japan)
with a cation exchange column (TSK-gel SP-2SW, 4.6f ¥ 50 mm,
Toso). The conditions for HPLC were as follows: solvent, 0.28 M
KH2PO4; flow rate, 0.6 ml/min, at room temperature [4, 5]. 

The serotonin sample was partially purified and then measured by
HPLC [6]. Briefly, the specimen, to which NaCl and n-butanol had been
added, was shaken and then centrifuged. The n-butanol layer was trans-
ferred into a tube and shaken following the addition of n-heptane and
0.3 M HCl. After centrifugation, the aqueous layer was isolated and its
serotonin content was fluorometrically quantified on by HPLC [column
(TSK-gel SP-2SW, 4.6f ¥ 150 mm, Toso), solvent (0.5 M citrate-
sodium citrate (pH 4.0) containing 20% methanol), flow rate (0.2 ml/
min, at 60°C), excitation and emission wavelengths (280 and 340 nm,
respectively)]. Respective serial dilutions of histamine (30 pg to 100 ng/
100 ml) and serotonin (30 pg to 50 ng/100 ml) were fluorometrically
measured after the same purification procedures described above and
served for standard curves. The concentrations of detection limit of
histamine and serotonin were both approximately 30 pg/100 ml.

Statistical analysis

Statistical analyses were performed by one-way analysis of variance
(ANOVA). If a significance was detected, the individual group dif-
ference was determined by Dunnett’s test for in vivo experiments and
the paired t-test for in vitro experiments. A probability value (P) of less
than 0.05 was considered to be statistically significant.
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Results

Effects of l-ephedrine on PCA

l-Ephedrine was administered orally or intravenously at the
dose of 15 mg/kg immediately prior to the antigen challenge.
The oral administration as well as intravenous injection of the
drug significantly inhibited the PCA. The intravenous ad-
ministration seems to be more effective than the oral one
(Fig. 1).

Effects of l-ephedrine on cutaneous vascular permeability
induced by histamine and serotonin

Figure 2 shows the effects of l-ephedrine, which was admini-
stered orally or intravenously at a dose of 15 mg/kg imme-
diately before the induction, on histamine- and serotonin-
induced cutaneous vascular permeability. l-Ephedrine by oral
administration affected neither the histamine- nor the seroto-
nin-induced reaction. On the other hand, the intravenous
administration significantly prevented both reactions. 

Time course changes of histamine and serotonin contents 
in the skin of the anaphylactic site following 
antigen challenge and effects of l-ephedrine on them

The time course changes of histamine and serotonin contents
in the skin of the anaphylaxis-induced site by antigen chal-
lenge were investigated. Histamine and serotonin contents
before the antigen challenge were on the average approx. 23
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Fig. 1. Effects of l-ephedrine on 48-h homologous passive cutaneous
anaphylaxis in the rat. l-Ephedrine was orally or intravenously ad-
ministered just (within 20 sec) before antigen challenge. Each column
represents the mean ± SE of 8 animals. * and ***: statistical signifi-
cance from the control at P < 0.05 and 0.001, respectively.

Fig. 2. Effects of l-ephedrine on the cutaneous vascular permeability
induced by histamine and serotonin in the rat. l-Ephedrine was orally or
intravenously administered just (within 20 sec) before the intradermal
injection of histamine and serotonin. Each column represents the mean
± SE of 8 to 10 animals. **: significantly different from the control at
P < 0.01.

Fig. 3. Time-course changes of histamine and serotonin contents in the
skin challenged by antigen in the rat. Each point represents the mean ±
S.E. of 6 animals. * and **: significantly different from the levels before
(0 min) the challenge at P < 0.05 and 0.01, respectively.

and 2.8 mg/g wet skin, respectively. Thirty minutes after the
antigen challenge, their amounts were significantly decreas-
ed to approx. 17 and 2.0 mg/g wet skin, respectively, and at 
1 h, they were further slightly decreased. At 2 and 3 h, the
contents were similar to those at 1 h (Fig. 3).

When l-ephedrine was orally administered immediately
before the antigen challenge, both histamine and serotonin in
the skin of the anaphylactic site were almost completely pre-
served (Fig. 4).
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Fig. 4. Effects of l-ephedrine on the decreases of histamine and serotonin contents in the skin challenged by antigen in the rat. l-Ephedrine and Aq.
pur (control group) were orally administered just (within 20 sec) before the antigen challenge. The skin of the anaphylactic site was removed 1 h after
the challenge, and histamine and serotonin contents were measured by the procedures described in the text. Each column represents the mean ± SE
of 6 animals. **: significant difference at P < 0.01.

Fig. 5. Time-course effects of l-ephedrine on anaphylactic histamine and serotonin release from skin fragments in the rat. l-Ephedrine at the 
final concentration of 10–4 g/ml was added at the time indicated before the antigen challenge. Each point represents the mean ± SE of 3 experiments.
Amounts of spontaneous and anaphylactic histamine release, and histamine content were 1.1 ± 0.06 and 4.0 ± 0.24, and 28.3 ± 3.25 mg/g wet skin,
respectively. Amounts of spontaneous and anaphylactic serotonin release, and serotonin content were 74 ± 8.9 and 255 ± 17.8, and 2,650 ± 230 ng/g
wet skin, respectively.



Effects of l-ephedrine on the anaphylactic histamine 
and serotonin releases from skin fragments 

Figure 5 shows the influence of l-ephedrine at 10–4 g/ml on
the anaphylactic histamine and serotonin releases from skin
fragments in vitro. Treatment with the drug for 0 to 30 min
before the antigen challenge suppressed neither histamine
nor serotonin release. Furthermore, the treatment with the
drug at 10–7 to 10–4 g/ml for 10 min also did not affect their
releases (Fig. 6).

Discussion

We previously reported that oral administration of Mao-
Bushi-Saishin-To, one of the formulas of Chinese medicine,
significantly inhibits the PCA in the rat [1, 7]. The potent
inhibitory effect of the drug was observed rapidly (within 
20 sec) after the administration of the drug and lasted for 
240 min. Pharmacological analyses revealed that l-ephe-
drine, which is contained in Mao, one of Chinese plants in 
the formula, was found to be almost solely responsible for 
the prompt inhibitions of the PCA [1]. 

PCA results from the increased vascular permeability by
anaphylactically released histamine and serotonin from mast
cells [3]. Therefore, drugs suppressing any step from the anti-
gen-antibody reaction to the vascular permeability results in
the inhibition of the reaction. l-Ephedrine is well known to
exert sympathomimetic action through the direct and indirect
stimulation [8–11]. Intravenous administration of l-ephe-
drine significantly inhibited not only PCA, but also the
cutaneous vascular permeability induced by histamine and
serotonin; the results strongly suggested that the above men-
tioned pharmacological action of the drug can largely con-
tribute to the inhibition of these reactions. In addition, it
seems likely that the same mechanism of the action is invol-
ved in the late inhibition of the PCA by oral l-ephedrine,
which is absorbed from the gastrointestinal tract. The cuta-
neous vascular permeability induced by histamine and sero-
tonin may also be inhibited by oral l-ephedrine via the same
mechanism when the drug is sufficiently absorbed from the
gastrointestinal tract on the provocation. However, immedia-
te oral administration of the drug did not influence the
vascular permeability induced by them at all, while the drug
significantly inhibited PCA. From this, it can be deduced that
the rapid inhibition by oral l-ephedrine of PCA does not
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Fig. 6. Effects of l-ephedrine on anaphylactic histamine and serotonin release from skin fragments in the rat. l-Ephedrine at the final concentrations
indicated was added 10 min before the antigen challenge. Each column represents the mean ± SE of 3 experiments. Amounts of spontaneous and ana-
phylactic histamine release, and histamine content were 0.9 ± 0.10 and 3.9 ± 0.30, and 26.0 ± 2.95 mg/g wet skin, respectively. Amounts of spon-
taneous and anaphylactic serotonin release, and serotonin content were 81 ± 9.7 and 283 ± 33.0, and 2,900 ± 330 ng/g wet skin, respectively.



result from the suppression of the vascular permeability that
is the last step of the reaction. In other words, the drug must
affect any event prior to the vascular permeability in the
PCA.

As previously reported, the time courses of histamine-
and serotonin-induced cutaneous vascular permeabili-
ty, and PCA are almost identical [3]: they are completed
within 10 min, suggesting that the time required from 
antigen-antibody reaction to histamine and serotonin re-
lease from the mast cell is quite short. In addition to this, 
no rapid inhibition of histamine- and serotonin-induced 
cutaneous vascular permeability by the oral administration 
of l-ephedrine in the present experiments further strongly
suggested that the rapid inhibition of PCA by oral l-ephe-
drine is exerted through the mechanism that the drug af-
fects a reaction prior to the absorption from the gastrointesti-
nal tract. 

In in vitro experiments, l-ephedrine did not suppress the
anaphylactic release of either histamine or serotonin from 
the actively sensitised dorsal skin fragments. The results 
indicated that l-ephedrine did not possess the ability to in-
hibit the chemical mediator release by direct action to the
mast cell. Therefore, it is not conceivable that the inhibition
of PCA by l-ephedrine orally administered immediately
before the challenge was attributed to the direct inhibition of
release of chemical mediators even if the drug was rapidly
absorbed.

Time-course experiments of histamine and serotonin con-
tents in the PCA site revealed that their decreases were time-
dependent at 0 to 1 h after the challenge. The reductions of
these chemical mediators in the PCA site in non-drug-treated
animals both reached approximately 30% 1 h after the pro-
vocation. Although released and retained histamine and
serotonin in the PCA site could not be distinguishably mea-
sured, the decreased amounts of these chemical mediators in
the PCA site are considered to be those released from the
mast cell and then washed out by the blood stream. The con-
sequence can be supported by the following reports. First, on
the release, 15 to 40% or approx. 50% of histamine contents
are released from rat mast cells by antigen-antibody [12, 13]
or IgE-anti-IgE [14] reaction in isolated rat peritoneal mast
cells, indicating that the mast cell has ability to release con-
siderable amount of histamine in response to the reaction.
Second, on the washout, plasma histamine level increases
four fold, while the histamine contents in the skin are lowered
when rats are exposed to water immersion stress [15]. In
addition, Ind et al. observed that in atopic patients, local plas-
ma elevation of histamine, which peaks at 5 to 15 min and
lasts 30 to 60 min after the provocation, was induced with
wheal and flare by intradermal injection of antigen at the
forearm [16]. 

The amounts of anaphylactic histamine and serotonin
release from the dorsal skin fragments in the present in 
vitro experiments were considerably lower than the in vivo
PCA site. However, it has been reported that the cell-
stored histamine in the pleural cavity was potently reduced 
to 1/7 when actively sensitised rats were intrapleurally
challenged by antigen [17], considerably different from the
weak releasability of rat isolated pleural mast cells [18].
Thus, the weak histamine and serotonin release from the 
skin fragments induced by antigen challenge in the present

experiments, compared to the PCA site, appeared to mani-
fest the circumstantial difference between in vitro and in vivo
experiments including antigen penetrating ability to the
tissue.

Taken together, these results strongly suggested that the
rapid inhibition of PCA by oral administration of l-ephedrine
was not due to the classical direct or indirect mechanism
acting through the sympathetic system, but due to an uniden-
tified mechanism(s).

References

[1] Shibata H, Nabe T, Yamamura H, Kohno S. l-Ephedrine is a major
constituent of Mao-Bushi-Saishin-To, one of the formulas of
Chinese medicine, which shows immediate inhibition after oral
administration against passive cutaneous anaphylaxis in rats.
Inflamm Res (in press).

[2] Tada T, Okumura K. Regulation of homocytotropic antibody
formation in the rat. I. Feed-back regulation by passively admini-
stered antibody. J Immunol 1971; 106: 1002–11.

[3] Taira M, Kohno SW, Yamamura H, Ohata K. Lack of involvement
of leukotriene and platelet activating factor in passive cutaneous
anaphylaxis in rats. Agents Actions 1988; 24: 189–95.

[4] Yamatodani A, Fukuda H, Wada H. High-performance liquid
chromatographic determination of plasma and brain histamine
without previous purification of biological samples: cation
exchange chromatography coupled with postcolumn derivatiza-
tion fluorometry. J Chromatogr 1985; 344: 115–23.

[5] Itoh Y, Oishi R, Nishibori M, Saeki K. Histamine turnover in 
the rat hypothalamic nuclei estimated from a-fluoromethyl-
histidine-induced histamine release. Jpn J Pharmacol 1989; 51:
581–9.

[6] Hori S, Ohtani K, Ohtani S, Kayanuma K, Ito T. Simultaneous
determination of tryptophan, serotonin and 5-hydroxyindoleacetic
acid in rat brain by high-performance liquid chromatography
using a weak acidic cation-exchange resin. J Chromatogr 1982;
231: 161–5. 

[7] Shibata H, Kohno S, Ohata K. Effect of Mao-bushi-saishin-to
(MBST), a formula of Chinese medicines, on 48-hr homologous
passive cutaneous anaphylaxis in rats. Jpn J Allergol 1995; 44:
1167–75 (Abs. in English).

[8] Chen KK, Schmidt CF. The action of ephedrine, the active prin-
ciple of the Chinese drug Ma Huang. J Pharmacol Exp Ther 1925;
24: 339–57.

[9] Krogsgaard AR. The effect of intravenously injected reserpine on
blood pressure, renal function and sodium excretion. Acta Med
Scand 1965; 154: 41–51.

[10] Zarrindast MR. Dopamine-like properties of ephedrine in rat
brain. Br J Pharmacol 1981; 74: 119–22. 

[11] Wakade AR, Malhotra TD, Wakade TD, Dixon WR. Simultaneous
secretion of catecholamines from the adrenal medulla and of
[3H]norepinephrine from sympathetic nerves from a single test
preparation: different effects of agents on the secretion. Neuros-
cience 1986; 18: 877–88.

[12] Bergstrand H, Bjornsson A, Frick IM, Lundquist B, Nystrom I,
Pauwels R, et al. Antigen-induced release of histamine from sero-
sal mast cells, lung, and tracheal tissue: variation with tissue and
rat strain in relation to serum IgE-antibody level. Agents Actions
1983; 13: 288–300.   

[13] Grosman N. Influence of DPPE on histamine release from isola-
ted rat mast cells. Agents Actions 1994; 41: 1–4.

[14] Iikura M, Takaishi T, Hirai K, Yamada H, Iida M, Koshino T, et al.
Exogenous nitric oxide regulates the degranulation of human
basophils and rat mast cells. Int Arch Allergy Immunol 1998; 115:
129–36.

[15] Huang ZL, Mochizuki T, Watanabe H, Kagoshima M, Maeyama
K. Biphasic elevation of plasma histamine induced by immersion
stress, and their sources in rats. Eur J Pharmacol 1998; 6: 139–46.

558 H. Shibata et al. Inflamm. res.



[16] Ind PW, Miyatake A, Heavey DJ, Dollery CT. Local histamine
release after immunological mast cell degranulation in vivo.
Agents Actions 1984; 14: 417–9.

[17] Lima MC, Chagas MS, Silva PM, Calheiros AS, Prouvost-Danon
A, Fari-Neto HC, et al. Histamine-potentiating activity in rat
anaphylactic pleural fluid: role of serotonin. Braz J Med Biol Res
1996; 29: 1049–56.

[18] Bergstrand H, Andersson I, Bjornsson A, Frick IM, Lundquist B,
Pauwels R. Immunologically induced pleural and peritoneal mast
cell histamine release: difference in responsiveness in relation to
secretagogue and rat strain used. Agents Actions 1984; 15: 273–8.

Vol. 49, 2000 Inhibitory mechanism of l-ephedrine in PCA 559


