Journal of Immunotoxicology, 2012; 9(1): 77-84
© 2012 Informa Healthcare USA, Inc.

ISSN 1547-691X print/ISSN 1547-6901 online
DOI: 10.3109/1547691X.2011.631609

RESEARCH ARTICLE

informa

healthcare

Amaranthus spinosus Linn. inhibits mast cell-mediated

anaphylactic reactions

Savita D. Patil', Milap R. Patel', Sachin R. Patel’, and Sanjay J. Surana?

!Department of Pharmacology and ?Department of Pharmacognosy, R. C. Patel Institute of Pharmaceutical

Education and Research, Shirpur, India

Abstract

The current study characterizes the mechanism by which the Amaranthus spinosus (Amaranthaceae) decreases mast
cell-mediated anaphylactic reactions. Anaphylaxis is a typical hypersensitivity Type | reaction, sharing common
mechanisms with asthma in its early and late phases. Mast cells are key as effector cells in hypersensitivity Type |
reactions. A. spinosus has been traditionally used in the treatment of allergic bronchitis and asthma, but its role in mast
cell-mediated anaphylactic reactions has not fully been investigated. This report investigated the potential effects of
the ethyl acetate fraction of A. spinosus leaves (EAFAS) against a Compound 48/80 (potent secretagogue)-induced
systemic anaphylactic shock paradigm in a mouse model. In addition, rat peritoneal mast cells (RPMC) were used in
in vitro studies to investigate the effect of EAFAS on Compound 48/80-induced peritoneal mast cell degranulation
and histamine release. When administration by the oral route—1h before Compound 48/80 injection—EAFAS (at
dose from 0.001-1g/kg) completely inhibited the induced anaphylactic shock. EAFAS at concentrations ranging
0.25-1mg/ml dose-dependently attenuated rates of mast cell degranulation and histamine release from RPMC that
were evoked by Compound 48/80. The results of the present investigation indicated that EAFAS stabilizes the mast
cell lipid bilayer membrane, thereby preventing the perturbation of membrane and the release of histamine. As a
result of these anti-degranulating and anti-histaminic effects, it can be suggested that EAFAS may have a potential
use in the prophylaxis and management of anaphylactic reactions.
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Introduction

Amaranthus spinosus Linn. (Amaranthaceae) is com-
monly known as spiny amaranth or pig weed. It is an
annual or perennial herb native to tropical America
and distributed throughout India (Senthil Kumar et al.,
2010). According to Ayurveda (Indian traditional sys-
tem of medicine) the plant is useful in conditions of
bronchial asthma; it is also used as a digestive aide,
laxative, diuretic, stomachic, and anti-pyretic, to improve
appetite, biliousness, blood diseases, burning sensa-
tion, leprosy, bronchitis, rat bite, piles, and leucorrhoea,
while the boiled leaves and root are given to children as a
laxative, emollient, and poultice for abscesses, boils, and
burns (Kirtikar and Basu, 1996; Zeashan et al., 2009a).
In Malaysia, the plant is used as an expectorant and to
relieve breathing in acute bronchitis (Ashok Kumar et al.,

2010). The tribal inhabitants like Bhils, Pardhis, Pawaras,
Tadavis, and Wanjaris from Jalgaon district located on
northern border of the state of Maharashtra, India uses
decoction (15-20 ml) of whole plant in allergic bronchitis
and asthma (Patil et al., 2008). A. spinosus has several
biologically active constituents like alkaloids, flavonoids,
glycosides, phenolic acids, steroids, amino acids, terpe-
noids, lipids, saponins, anthriquinone derivatives, volatile
oils, organic acids, betalains, 3-sitosterol, stigmasterol,
linoleic acid, catechuic tannins, polyuronides, and caro-
tenoids (Zeashan et al., 2009a).

It has been reported that this plant (and its natural
by-products) possess immunomodulatory (Tatiya et al.,
2007), anti-apoptotic (Lin et al., 2008), anti-diabetic,
anti-hyperlipidemic, spermatogenic (Sangameswaran
and Jayakar, 2008), anti-nociceptive, hepatoprotective,
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anti-oxidant (Zeashan et al., 2009b), anthelmintic, and anti-
inflammatory activities (Baral et al., 2011). So far, no sys-
tematic study has closely examined the anti-anaphylactic
activity of A. spinosus. The present study sought to establish
the scientific validity for such anti-anaphylactic activity.

Mast cells can be important effector cells in examples
of innate or acquired immunity that contribute to host
defense. The inappropriate or excessive activation of mast
cells can contribute to the development of allergic or
autoimmune diseases like asthma, anaphylaxis, allergic
rhinitis, and urticaria. Mast cells can be found in almost
every tissue but they are preferentially localized in organs
that are in contact with the environment, that is, the skin,
gut and airways. In response to the IgE-dependent and
IgE-independent stimuli, mast cells elicit degranulation
and cause release of spasmogenic, vasoactive, and pro-
inflammatory mediators; these, in turn, can enhance
airway smooth muscle contraction, vascular permeabil-
ity, and inflammatory cell recruitment at sites of antigen
challenge (Metz and Maurer, 2007; Nakae et al., 2007).
These mediators can be granule-stored or preformed,
e.g., histamine, proteoglycans, and neutral proteases,
and certain cytokines, such as tumor necrosis factor-a
(TNFa). Mediators can also be newly synthesized follow-
ing activation, e.g.,, numerous cytokines, chemokines,
lipid mediators, and growth and angiogenic factors that
mediate various pro-inflammatory, anti-inflammatory,
and immunoregulatory effects (Metz and Maurer, 2007).

Amongst these, histamine remains the most impli-
cated and most potent vasoactive mediator and exerts
many effects related to the immediate phase of allergic
inflammation, including vasodilation, increased vascu-
lar permeability, tissue edema, bronchial and intestinal
smooth muscle contraction, and increased mucus pro-
duction (Kim et al., 2003). Mast cell degranulation can
be elicited non-immunologically by the potent synthetic
secretagogue Compound 48/80. This agent is a conden-
sation product of N-methoxyphenylamine with formal-
dehyde and has been used as a direct convenient reagent
to study mechanisms of anaphylaxis in sifu (Shin et al.,
1999). Modulation of the histamine and these cytokines
secretion from mast cells can provide a useful therapeu-
tic strategy for allergic anaphylactic reactions.

In light of the above information, the present study
aimed to evaluate the effect of the ethyl acetate fraction
of A. spinosus leaves (EAFAS) on Compound 48/80-in-
duced systemic anaphylactic shock in mice, Compound
48/80-induced peritoneal mast cell degranulation, and
inhibition of histamine release from rat peritoneal mast
cells (RPMC).

Materials and methods

Reagents

Compound 48/80 and o-phthaldialdehyde (OPT) were
purchased from Sigma-Aldrich (St. Louis, MO). Toluidine
blue dye (analytical grade) was bought from Loba
Chemicals (Mumbai, India).

Animals

Wistar rats (200-250 g) and Swiss Albino mice (25-30g)
of either sex were procured from the breeding centre
of the R. C. Patel Institute of Pharmaceutical Education
and Research, Shirpur (Maharashtra, India). Upon
arrival, all animals were maintained in approved hous-
ing facilities of the institutional premises. Animals
received a standard laboratory diet (certified Amrut
brand rodent feed, Pranav Agro Industries, Pune, India)
and water ad libitum; animals were maintained at
ambient temperature (22 +2°C), at a relative humidity
(55 +2°C), and with a 12 h light-dark cycle. All research
was conducted as per a study protocol approved by the
Institutional Animal Ethics Committee (IAEC) and as
per Indian norms laid down by the Committee for the
Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), New Delhi. During exposure regi-
mens, animals were only given freshly prepared solu-
tions of drugs or chemicals.

Procurement of plant material and fractionation
procedures

Fresh Amaranthus spinosus plants (red [purple] vari-
ety) were collected from local areas of Bhalej in the
Anand District of Gujarat, India. The plant material was
authenticated by Dr M. M. Prajapati, Senior Botanist,
The H.N.S.B Ltd Science College, Himatnagar, Gujarat,
India; a voucher specimen (accession number A090) of
the plant was deposited in the institutional herbarium.
The leaves were separated from plant, dried, and coarsely
powdered. The coarse powder (=200g) was extracted
with methanol using a Soxhlet apparatus. The extract was
filtered, concentrated, and dried. The dried extracted
sample was then further fractionated successively using
ethyl acetate. The resultant fraction was again concen-
trated and dried; the final ethyl acetate fraction of the
A. spinosus leaves (EAFAS) material was then stored in
an air-tight container in a cool place until utilized for
phytochemical and pharmacological screening.

Preliminary phytochemical analysis

Preliminary phytochemical studies of the extract were
performed for qualitative estimation of the presence
of alkaloids, flavonoids, saponins, glycosides, phenols,
steroids, tannins, and terpenoids. For these analyses, a
small portion of the dry extract was used and analyses
for the individual classes of components were per-
formed in accordance with the methods of Harbone
(1998) and of Khandelwal (2008)—and following the
precise protocols outlined in Raaman (2006) for per-
forming each individual type of test (for some classes
of agents, multiple types of tests for confirmatory pur-
poses) indicated in Table 1.

HPLC analysis

Here, HPLC was used for the determination of querce-
tin in EAFAS, according to the method described by Zu
et al. (2006) with slight modifications. Chromatographic
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Table 1. Preliminary qualitative phytochemical analyses of EAFAS.

Tests” EAFAS
Alkaloids
Dragendroff’s test -b
Mayer'’s test -

Wagner'’s test -

Hager'’s test -

Tannic acid test -
Amino acids

Millon’s test +

Ninhydrin test +
Proteins

Xanthoprotein test +

Biuret test +

Nitroprusside test

Carbohydrates
Molisch’s test -
Fehling’s test -
Benedict’s test -
Barfoed’s test -

Flavonoids
Shinoda test +
Alkaline Reagent test
Zinc-Hydrochloride test +
Glycosides

Borntrager’s test -
Kedde’s test -
Keller-Killiani test -

Baljet’s test -

Froth test -
Tannins

Ferric-Chloride test +

Gelatin test +

Steroids and triterpenoids

Liebermann Burchard test +
Salkowski test
Sulfur powder test +

“Individual test indicated was performed in accordance with
protocols oulined in Raaman (2006). Each sample was analyzed
at least four times in each given test.

bSample tested Positive (+) or Negative (-) using the indicated
test system.

analysis was carried out by using C , reverse-phase col-
umn (150 x 4.6 mm) packed with 5-pum diameter particles.
The mobile phase used was methanol:acetonitrile:water
(40:15:45 v/v/v) containing 0.1 ml acetic acid. Flow rate
and injection volume were 0.7 ml/min and 10 pl, respec-
tively. Quercetin was quantified at 340 nm. The chromato-
graphic peak of the quercetin in EAFAS was confirmed by
comparing the retention time (RT) with that of the refer-
ence standard quercetin.

Compound 48/80-induced systemic anaphylactic
shock in mice

Compound 48/80-induced systemic anaphylactic shock
was examined as previously described (Kim et al.,
2005) with slight modification in the protocol. Mice
(n=10/group) were given an intraperitoneal injection
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(i.p.) of the mast cell degranulator Compound 48/80
(8mg/kg body weight (BW)). This particular dose of
Compound 48/80 was selected as previous investigators
(Kim et al., 2006; Judstrom et al., 2010) had demonstrated
that it is a dose (intraperitoneal) that induces a systemic
fatal allergic reaction within 1 h in mice.

EAFAS was dissolved in saline and administered orally
at doses of 0.001-1g/kg BW 1h before the injection of
Compound 48/80. In the time-dependent experiment,
EAFAS (1g/kg) was administered 5 and 10min after
Compound 48/80 (n=10/group) injection. Mortality was
then monitored for 1h after induction of anaphylactic
shock. In each of these studies, the doses of EAFAS were
selected on the basis of preliminary studies that opti-
mized the model.

Preparation of RPMC suspension

RPMC were isolated as previously described (Mahajan
and Mehta, 2007). In brief, rats were anesthetized by
ether and injected with 20 ml of Tyrode buffer B (150 mM
NaCl, 0.1% glucose, 3mM NaHCO,, 3.7mM KCl, and
3.5mM NaH,PO, containing 0.1% gelatin) into the peri-
toneal cavity. After gentle massaging, the cavity was care-
fully opened and the fluid recovered by Pasteur pipette.
The peritoneal cells present in the fluid were sedimented
at 150x g (10min, room temperature) and resuspended
in Tyrode buffer B. Mast cells were separated from the
other major cell types present (i.e., macrophages and
small lymphocytes) according to the method of Yurt
et al. (1977). Peritoneal cells suspended in 1ml Tyrode
buffer B were layered on 2ml metrizamide (22.5% w/v,
density=1.120g/ml) and centrifuged at 400x g (15 min,
room temperature). The cells remaining at the buffer-
metrizamide interface were aspirated and discarded;
the cells in the pellet were washed and resuspended in
1ml Tyrode buffer A containing calcium for their use in
further assays.

Peritoneal mast cell degranulation

In vitro mast cell degranulation by Compound 48/80
was utilized to assess the effects of EAFAS and ketotifen
on peritoneal mast cell degranulation. Ketotifen is a
second-generation H, anti-histamine and a mast cell
stabilizer. In these assays, RPMC were pre-incubated
with EAFAS (0.25-1.00 mg/ml) and ketotifen (0.1 mg/ml)
at a constant temperature of 37°C for 15min and then
incubated with 0.1 ml Compound 48/80 (10 pg/ml) for
10min. The doses of EAFAS used here were selected
to cover the range of doses successfully utilized by
Rivera et al. (2006) and Patel et al. (2009) in their analy-
ses of these particular mitigating effects by other natu-
ral product extracts (specifically, Mangifera indica L.
(Vimang) stem bark and Taxus baccata Linn. (AET)
leaves, respectively). The RPMC were then stained
with toluidine blue and examined microscopically to
estimate the percentage (%) of degranulated mast cells.
A total of 100 cells/sample were analyzed for each treat-
ment regimen.
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Inhibition of histamine release

RPMC suspensions (2x10° cells/ml) were pre-
incubated for 10 min at 37°C before the addition of
Compound 48/80 for stabilization. The cells were pre-
incubated with EAFAS (0.25-1 mg/ml) for 20 min and
then incubated for 15 min with 0.1 ml Compound 48/80
(10 pg/ml). The reaction was stopped by cooling the
tubes in ice. The cells were separated from the released
histamine by centrifugation at 400 x g for 5min at 4°C.
Residual histamine in the cells was released by disrupt-
ing the cells with perchloric acid and centrifugation at
400 x g for 5min at4°C. The histamine content was mea-
sured by the o-phthaldialdehyde spectrofluorometric
procedure of Shore et al. (1959). The fluorescent inten-
sity was measured at 440 nm (excitation of 360 nm) in
a spectrofluorometer (FL600 Microplate Fluorescence
Reader, Bio-Tek, Winooski, VT). The inhibition percent-
age of histamine release was then calculated using the
following equation:

%inhibition =(A—B)x100/ A

In the equation, A is the level of histamine release in
the absence of EAFAS treatment and B the release when
EAFAS was present.

Statistical analyses

All data are reported as the mean + the standard error
of the mean (SEM) in each of the different experiments.
The Dunnett’s test was used to make a statistical compari-
son between the various treatment groups. Results with
p-values < 0.05 were considered statistically significant.
All statistical analyses were performed using Graph Pad
software (Version 4; GraphPad Software Inc., La Jolla, CA).

Results

Preliminary phytochemical study

The preliminary qualitative phytochemical screening of
the EAFAS revealed the presence of amino acids/proteins,
flavonoids, tannins, and saponins (like steroids and triter-
penoids) (Table 1). The material was found to not contain
detectable amounts of alkaloids, carbohydrates, or glyco-
sides. In all cases, verification of any given outcome was
done using at least one other well-known confirmatory
test per class of component (in some cases, up to four other
tests, each outlined in great detail in Raaman (2006)).

HPLC analysis

HPLC study revealed the presence of quercetin in EAFAS.
The retention time (RT) for standard quercetin sample
was found to be 4.8338 min (Figure 1a). The RT for quer-
citin in EAFAS was 4.8667 min, a value that was compa-
rable with the reference standard (Figure 1b).

Effect of EAFAS on Compound 48/80-induced systemic
anaphylactic shock

To investigate the effect of EAFAS on anaphylactic reac-
tions, initially we used an in vivo model of systemic

anaphylactic reaction using Compound 48/80. After the
i.p. injection of Compound 48/80 (8 mg/kg BW) into mice,
mortality over a period of 1h was examined. As shown in
Table 2, injection of Compound 48/80 into saline-treated
mice induced fatal anaphylactic shock in 100% of the
animals. When EAFAS was orally administered at levels
ranging from 0.01-1.00g/kg BW before the Compound
48/80 injection, mortality was dose-dependently reduced.
Ofnote, EAFAS completelyinhibited anaphylacticreactions
at a 1g/kg concentration. The mortality of mice injected
i.p. with EAFAS (1 g/kg BW) 5 and 10 min after Compound
48/80 injection increased time-dependently (Table 3).

Effect of EAFAS on Compound 48/80-induced
peritoneal mast cell degranulation

The percent numbers of degranulated mast cells in
Compound 48/80 (10 pg/ml)-treated cells were =77%
as compared to among saline-only-treated cells. EAFAS
induced significant dose-dependent protection against
Compound 48/80-induced mast cell degranulation.
Ketotifen (0.01 mg/ml) also markedly protected the mast
cells against degranulation. The mast cell stabilization
effect as shown by ketotifen was comparable with that
from EAFAS (Figure 2).

Effect of EAFAS on RPMC histamine release

To confirm that the effect of EAFAS on anaphylactic
reaction was due to the inhibition of histamine release,
we analyzed the histamine content from RPMC by using
Compound 48/80 as a degranulator. EAFAS significantly
and dose-dependently inhibited Compound 48/80
induced histamine release from RPMC at the concentra-
tions of 0.25-1mg/ml. The inhibitory effect of EAFAS on
Compound 48/80-induced histamine release from RPMC
is shown in Figure 3.

Discussion

Anaphylactic shock is an extreme and fatal allergic reaction
induced by the sudden systemic release of inflammatory
mediators from mast cells. A drug capable of preventing or
restraining it is normally entitled with a very potent anti-
allergic action. The anti-anaphylactic activity of natural
substances has been reported by in vivo, in animals treated
with the mast cell degranulator Compound 48/80 and
in vitro models of mast cell degranulation (Cruz et al., 2008).

In the present investigation, we used the model of
non-immune-mediated anaphylactic shock where mice
die when challenged with the potent synthetic secret-
agogue Compound 48/80. In the in vivo studies here,
treatment with EAFAS significantly suppressed systemic
anaphylactic shock, probably by interfering with the
mast cell/histamine system. EAFAS at the dose 1g/kg
prevented death in 100% of mice; this suggested a rapid
and potent anti-allergic action compatible with possible
anti-degranulating/anti-histaminic effects on mast cells.

Compound 48/80 induces signal transduction path-
ways, which leads to exocytosis, and degranulation of
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Figure 1. HPLC chromatograms. (a) Standard quercetin at 340 nm having a retention time (RT) of 4.8338 min. (b) Quercetin in EAFAS at

340nm having a retention time (RT) of 4.8667 min.

Table 2. Effect of EAFAS on Compound 48/80-induced systemic
anaphylactic shock in mice.

Dose Compound 48/80 Mortality
Treatment (g/kg BW)" (8 mg/kg BW) (%)°
None (saline) — + 100
EAFAS 0.01 + 90
0.10 + 50
1.00 + 0
1.00 - 0

“Groups of mice (n=10/group) were orally pre-treated with 200
pl saline or EAFAS at various doses 1 h before intraperitoneal
injection of Compound 48/80.

bMortality (%) within 1 h following Compound 48/80 injection
is calculated as number of 100 x (number of dead mice/total
number of experimental mice in group).

© 2012 Informa Healthcare USA, Inc.

mast cells causing histamine release (Kim et al., 2005).
The intracellular calcium (Ca®*) pathways are critical
to the degranulation of mast cells. The activation of the
Ca? signal by 1,4,5-triphosphate (IP3) elicits exocytosis
in mast cells. In mast cells, the rise of the cytosolic free
Ca?* concentration is a biphasic process: emptying of the
intracellular stores and influx through the plasma mem-
brane. It is well established that intracellular Ca* mobili-
zation is induced by the production of IP3. Binding of IP3
to its receptors, which are ligand-activated Ca**-selective
channels on the endoplasmic reticulum membrane,
increases the probability of channel opening and Ca*
flow into the cytoplasm. Compound 48/80, can cause
degranulation of mast cells by releasing Ca** from the
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Table 3. Time-dependent effect of EAFAS on Compound 48/80-induced systemic anaphylactic shock in mice.

Mortality (%)”
Treatment Dose (g/kg BW)* Compound 48/80 (8 mg/kg BW) 5min after 10min after
None (saline) — + 100 100
EAFAS 1 + 30 50
EAFAS 1 - 0 0

“Groups of mice (n=10/group) were orally pre-treated with 200 pl saline or EAFAS at various doses 1 h before intraperitoneal injection of

Compound 48/80.

*Mortality (%) within 1h following Compound 48/80 injection is calculated as number of 100 x (number of dead mice/total number of

experimental mice in group).
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Figure 2. Effectof EAFAS on Compound 48/80-induced peritoneal
mast cell degranulation in vitro. RPMC were pre-incubated with
EAFAS (0.25-1mg/ml) and ketotifen (0.1mg/ml) at 37°C for
15min and then treated with 0.1 ml of 10 pg Compound 48/80/ml
for 10 min. Each bar represents mean (+ SEM) of six independent
experiments. *Value significantly different from saline-treated
group (p<0.01); **values significantly different from Compound
48/80 only-treated group (p<0.01).
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Figure 3. Effect of EAFAS on Compound 48/80-induced histamine
release from RPMC in vitro. Cells (2x10° RPMC/ml) were pre-
incubated with EAFAS for 20min at 37°C prior to incubation
with 10 pug Compound 48/80/ml for a further 15min. Each bar
represents the mean (+ SEM) of four independent experiments.
**Value significantly different from saline-treated group (p<0.01).

intracellular pool. Emptying of the Ca** stores produces
a retrograde signal that activates Ca** influx across the
plasma membrane. Thus, translocation of Ca?*, whether
from outside or inside the cell, has been assumed to lead
to an increase in free cytosol Ca** concentration as a sig-
nal to trigger degranulation (Beaven et al., 1984; Metcalfe
etal., 1997).

RPMC can also generate intracellular reactive oxygen
species (ROS) following incubation with Compound
48/80 by A-kinase inactivation via decreases in intracel-
lular cAMP concentrations. Compound 48/80 has been
shown to penetrate cellular membranes and directly
activate G proteins. This activation involves insertion of
an aromatic ring of Compound 48/80 into the membrane
and interaction of a positively-charged domain of the
molecule with the COOH-terminal portion of the a-sub-
unit of G protein (Fukuishi et al., 1997; Brooks et al., 1999;
Suzuki et al., 2003). In the in vitro studies performed here,
EAFAS attenuated the rate of mast cell degranulation in
a dose-related manner as observed microscopically by
toluidine blue staining. It is proteoglycan that imparts
the metachromatic staining characteristic of mast cells
when exposed to certain basic dyes like toluidine blue.
Proteoglycan has two functions, packaging histamine
and basic proteins into secretory granules of mast cells
and regulating the stability of tryptase protease. Neutral
proteases, which account for the vast majority of the
granule proteins, serve as markers of mast cells (Metcalfe
et al., 1997; Choudhary, 2010).

As expected based on its known stabilizing effect on
mast cell membranes (Dyson and Mackay, 1980), keto-
tifen possesed a mast cell stabilizing potential in the in
vitro RPMC system here; of great note was the fact that
the measured potential here was comparable to that from
the EAFAS. The exact mechanisms by which EAFAS can
influence the cell membrane remain to be elucidated.
However, it is very tempting to speculate that EAFAS
might have anti-degranulating potential as a result of an
ability to stabilize the lipid bilayer membrane of cells,
including RPMC, thereby preventing the perturbation of
membranes as well as decreases in ROS and Ca?* translo-
cation (via inhibiting IP3 or GTP-induced Ca** release).

In the mast cell, the tissue hormones histamine and
serotonin are bound to the sulfated heteroglycan hepa-
rin. The recognition of the allergen somehow causes a
conformational change in the heparin, perhaps due to a
change in ionic strength or to neutralization of the sulfate
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groups by Ca* ions entering the cell. The result is an
abrupt release of a cloud of histamine and serotonin
from the mast cells by exocytosis of granules (Havsteen,
2002). As the in vitro studies here also showed that EAFAS
inhibited the histamine burst from RPMC normally
evoked by Compound 48/80, we attribute this outcome
to be due, in great part, to the above-discussed anti-
degranulating effect of this natural product.

Amaranthus spinosus is a rich source of different
phytoconstituents with a variety of potential biologi-
cal activities. Preliminary phytochemical screening
of EAFAS proved the presence of flavonoids, steroids,
triterpenoids, tannins, amino acids, and proteins,
which may be responsible for anti-anaphylactic activity
of the plant. HPLC analysis also revealed the presence of
flavonoid quercetin in EAFAS. Flavonoids possess anti-
oxidant activity (Havsteen, 2002), and inhibit the secre-
tion of histamine from mast cells. Flavonoid quercetin
also inhibits the Ca* pump (Havsteen, 2002). Steroids
and triterpenes are also found to inhibit the histamine
release from RPMC and thus are helpful in treating
hypersensitivity type I reactions (Desai et al., 2009; Rios,
2010). The biological properties of these phytoconstitu-
ents support the results of the present pharmacological
investigation.

Hence, a conclusion can be drawn that Amaranthus
spinosus may have beneficial effects in the prevention or
treatment of mast cell-mediated anaphylactic reactions
due to its anti-degranulating and anti-histaminic poten-
tial. However, the effort to identify active components
from EAFAS is ongoing in our laboratory, as the present
findings of the in vivo and in vitro studies have given a
hopeful picture for the future.
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