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Abstract

Background: Bixa orellana L. has been traditionally used in Central and South America to treat a number of
ailments, including internal inflammation, and in other tropical countries like Malaysia as treatment for gastric ulcers
and stomach discomfort. The current study aimed to determine the major chemical constituents of the aqueous
extract of B. orellana (AEBO) and to evaluate the antihistamine activity of AEBO during acute inflammation induced
in rats.

Methods: Acute inflammation was produced by subplantar injection of 0.1 mL of 0.1% histamine into the right
hind paw of each rat in the control and treatment groups. The degree of edema was measured before injection
and at the time points of 30, 60, 120, 180, 240 and 300 min after injection. Changes of peritoneal vascular
permeability were studied using Evans blue dye as a detector. Vascular permeability was evaluated by the amount
of dye leakage into the peritoneal cavity in rats. To evaluate the inhibitory effect of AEBO on biochemical mediators
of vascular permeability, the levels of nitric oxide (NO) and vascular endothelial growth factor (VEGF) were
determined in histamine-treated paw tissues. The major constituents of AEBO were determined by gas
chromatography–mass spectrometry (GC-MS) analysis.

Results: AEBO produced a significant inhibition of histamine-induced paw edema starting at 60 min time point,
with maximal percentage of inhibition (60.25%) achieved with a dose of 150 mg/kg of AEBO at 60 min time point.
Up to 99% of increased peritoneal vascular permeability produced by histamine was successfully suppressed by
AEBO. The expression of biochemical mediators of vascular permeability, NO and VEGF, was also found to be
downregulated in the AEBO treated group. Gas chromatography–mass spectrometry (GC-MS) analysis revealed that
the major constituent in AEBO was acetic acid.

Conclusions: The experimental findings demonstrated that the anti-inflammatory activity of AEBO was due to its
inhibitory effect on vascular permeability, which was suppressed as a result of the reduced expression of
biochemical mediators (NO and VEGF) in tissues. Our results contribute towards the validation of the traditional use
of Bixa orellana in the treatment of inflammatory disorders.
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Background
The Bixaceae family is one of the smallest plant families,
consisting only of one genus, Bixa. There are only five
species grouped under a single genus, and the most
common species is Bixa orellana, an evergreen shrub
grown not only because of its beautiful red flowers and
ornamental red spiny fruits, but also for its economic
value. Bixa orellana, also known as “annatto”, is native
to tropical America [1], but widely cultivated and
naturalized throughout the tropics, including Malaysia.
Bixa orellana is well known for its coloring agent and
medicinal value. The seeds are sources of food coloring
and a dye called annatto. Besides that, they are also used
as treatment for illnesses like gonorrhea and asthma and
have been traditionally used as gargle for sore throats.
The bark and root can be used to treat fever; the leaves
are used as a cure for snakebites, jaundice, diabetes and
hypertension, especially in Trinidad and Tobago, while
also being used as a postpartum medicine in Malaysia
[2]. The leaves of Bixa orellana have been reported
to have antimicrobial [3], antifungal, antileishmanial
[4], anticonvulsant, analgesic [5] and anti-inflammatory
activities [6].
Inflammation limits the damage to the body cells after

invasion by foreign organisms or mechanical injury, but if
goes uncontrolled and untreated, it becomes a threat
leading to other illnesses such as arthritis, cardiovascular
disease, asthma, and cancer. Histamine is one of the most
common inflammatory mediators; it causes symptoms of
allergic reactions that mostly involve acute inflammation
mediated by the H1 histamine receptor [7]. The histamine
H1 receptor is mainly expressed in endothelial cells,
smooth muscle cells and brain, and contributes to vaso-
dilation, increase of vascular permeability [8] and pain [9]
at the cellular level, while causing enhanced production of
intracellular calcium (Ca2+) and nitric oxide (NO) [10] at
the molecular level.
We have previously reported the ability of the aqueous

extract of Bixa orellana (AEBO) in suppressing inflam-
mation induced by carrageenan (data not published) and
bradykinin [6]. This study aimed to investigate whether
the anti-inflammatory activity of AEBO was caused by
the blocking of histamine action, and to determine the
involvement of two biochemical mediators, NO and vas-
cular endothelial growth factor (VEGF), in the reduction
of inflammation by AEBO.

Methods
Chemicals
The following chemicals and reagents were used: hista-
mine, loratadine, Evans Blue (Sigma Chemical Co. Ltd,
Selangor, Malaysia), nitrite/nitrate assay kit (Roche,
Kuala Lumpur, Malaysia) and Murine VEGF ELISA kit
(BioVision, USA).
Plant material and extraction
Bixa orellana leaves were procured from around
Universiti Putra Malaysia. Leaves were identified and vou-
cher samples (NL16) were deposited at the Phytomedicine
Herbarium, Institute of Bioscience, Universiti Putra Ma-
laysia, Selangor. B. orellana leaves were dried in an oven
at 60°C for three consecutive days and ground into fine
powder. The aqueous extract was obtained by mixing the
powder together with distilled water at ratio 1:20, and kept
in a water bath (40°C) for 24 h, followed by filtration [6].
The filtrate was kept at −80°C and lyophilized using a
freeze drier, yielding 8.5% (w/w). At the time of use, the
lyophilized extract was dissolved in distilled water at the
desired concentration.

Experimental animals
Experiments were conducted using male Sprague–
Dawley rats weighing 200–250 g, purchased from
Northern RK Supplier, Malaysia and housed at the Ani-
mal House of the Faculty of Medicine and Health
Sciences, Universiti Putra Malaysia. The animals were
divided into groups of six individuals (n = 6) and kept in
plastic cages at room temperature (23 ± 1°C) in a 12-h
light:dark cycle, with free access to standard chow diet
and water. The animals were acclimatized to the labora-
tory conditions for at least 1 week before the beginning
of each experiment. All experiments complied with the
current guidelines for the care and use of laboratory
animals and were approved by the Animal Care and Use
Committee (ACUC), Faculty of Medicine and Health
Sciences, Universiti Putra Malaysia (ACUC NO. UPM/
FPSKPADS/F01-00176).

Gas chromatography – mass spectrometry analysis
The aqueous extract of B. orellana leaves (AEBO) was
analyzed by gas chromatography–mass spectrometry
(GC-MS-QP5050A-Shimadzu). A Zebron ZB-FFAP ca-
pillary column with length 30.0 m x diameter 0.25 mm
and film thickness 0.25 μm was used. The column oven
temperature was kept at 50°C for 3 min, then increased
up to 250°C at a rate of 20°C/min and held at 250°C for
20 min. The carrier gas (helium) was introduced into
the column at a flow rate of 1.0 mL/min. Injector and
interface temperatures were set to 250°C each. AEBO
(1 μL) was injected manually into the GC-MS in splitless
mode. Compounds were identified by comparing their
mass spectra with those in the NIST library and by com-
paring their retention times with those of authentic
standards.

Histamine-induced paw edema in rats
The effect of oral administration of AEBO was
determined by injection of histamine in the subplantar
region of the right hind paw, according to the method
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described by [11] and [12]. Briefly, rats (n = 6) were
pretreated with AEBO at doses of 50 and 150 mg/kg, for
4 consecutive days, before being injected with 0.1 mL
histamine (0.1%). Control animals received a similar vol-
ume of vehicle (0.1 mL). Loratadine (10 mg/kg), a hista-
mine H1 antagonist, was used as the reference drug and
administered 60 min before histamine injection on the
fourth day. Edema was identified by the changes in paw
volume, measured using a plethysmometer (Model 7140,
Ugo Basile, Italy) before histamine administration and at
60, 120, 180 and 240 min after histamine injection.

Histamine-induced intraperitoneal vascular permeability assay
To evaluate the changes of intraperitoneal vascular perme-
ability induced by histamine, Evans blue dye was used as an
indicator according to the method previously described by
Whittle [13]. Rats were injected intravenously with 5 mL/kg
of 1% Evans blue solution 60 min after the oral admin-
istration of AEBO, vehicle, or loratadine. Rats were killed
30 min after the intraperitoneal injection of histamine. The
concentration of Evans blue in the peritoneal fluid was
measured via spectrophotometry at 610 nm wavelength.

Histamine-induced nitric oxide (NO) assay
NO was measured according to the method of Moshage
et al. [14], using a commercially available Nitrite/Nitrate
Colorimetric Kit (Roche). For this assay, 0.1 mL of 0.1% his-
tamine was injected intraplantarly on the fourth day and
the paw tissue obtained was deproteinized with 35%
sulfosalicylic acid. The tissues were homogenized and
centrifuged to obtain the supernatant. Nitrate (NO3

-) was
Figure 1 Major chemical constituents present in the aqueous extract
converted into nitrite (NO2
-) after reacting with nitrate re-

ductase. Total nitrite was measured using Griess reagent
with 1:1 ratio and read at OD 540 nm. The sum of nitrite
and nitrates obtained from this procedure represented the
NO concentration in paw tissue (μM/g wet weight of
tissue).

Histamine-induced vascular endothelial growth factor
(VEGF) assay
The concentration of VEGF in rat hind paw was
determined using Murine VEGF ELISA Kit (BioVision).
Analysis of VEGF was performed using standard ELISA
methodology according to the kit’s manual. Briefly, paw
tissue was excised after 6 h of histamine-induced inflam-
mation. The tissues were homogenized in pre-chilled lysis
buffer containing protease inhibitor. The homogenate was
centrifuged and VEGF level was determined from the
supernatant obtained. All assays were performed in tripli-
cate and results were expressed in ng/mL protein.

Statistical analysis
All data were reported as mean ± SEM; n represented the
number of animals in each group. Statistical comparisons
were made by ANOVA followed by Tukey’s multiple com-
parison test. P values < 0.05 were considered significant.
Results
Chemical constituents of AEBO
Several organic compounds were detected in AEBO by
GC-MS (Figure 1). Six major compounds were identified:
of Bixa orellana leaves.



Table 1 Chemical constituents of AEBO, detected by
GC-MS, with relative retention time (tR)

Peak No. Component RT
(min)

Peak
Area (%)

Chemical
family

2 2-Butanamine 7.767 2.57 Amine

3 Acetic acid 8.292 19.95 Organic acid

8 Pentanoic acid 9.583 3.75 Fatty acid

24 Phenol 11.600 3.95 Carbolic acid

25 Pantolactone 11.817 1.53 Lactone

40 Benzoic acid 13.850 3.34 Organic acid

RT.
Retention.
Time.
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2-butanamine (tR; 7.767 min), acetic acid (tR; 8.292 min),
pentanoic acid (valeric acid) (tR; 9.583 min), phenol
(tR; 11.600 min), pantolactone (tR; 11.817 min), and
benzoic acid (tR; 13.850 min) (Table 1).
Effect of AEBO on histamine-induced paw edema in rats
Exposure of rat’s hind paw to histamine resulted in a
marked increase of paw tissue weight and skin thickness.
Paw weight significantly declined upon oral administra-
tion of AEBO (50 and 150 mg/kg) or loratadine (10 mg/
kg) at 60 min time point compared with the non-treated
group (Figure 2). Moreover, the changes were also sig-
nificant for the dose of 150 mg/kg of AEBO compared
to the non-treated group, from 180 min onwards. Al-
though the paw volume reached its peak 60 min after
histamine injection, the maximal edema inhibition was
observed 300 min after the administration of 150 mg/kg
of AEBO (76.0%). The percentages of inhibition
produced by 150 mg/kg of AEBO at each time point
(starting from 60 min) were 60.3%, 51.8%, 67.3%, 75.0%
and 76.0%.
Figure 2 Effect of AEBO on histamine-induced paw edema in rats. Da
every 60 min until 300 min. *P < 0.05, significantly different from negative c
Effect of AEBO on histamine-induced peritoneal vascular
permeability
As shown in Figure 3, both doses of AEBO (50 and
150 mg/kg) notably inhibited the histamine-induced in-
crease of dye leakage into the peritoneal cavity, with an
inhibitory rate up to 99%. The potency of AEBO was
similar to that of loratadine (91.1% inhibition).

Effect of AEBO on histamine-induced NO production
Production of NO in rat’s paw was markedly increased
in response to histamine (46.2 ± 1.8 μM), but was signifi-
cantly suppressed by both doses of AEBO (P < 0.05)
(Figure 4). The concentrations of NO were reduced to
29.7 ± 1.2 μM and 19.7 ± 1.4 μM after the administration
of 50 and 150 mg/kg of AEBO, respectively. On the
other hand, loratadine, the reference drug, also signifi-
cantly inhibited the NO production induced by hista-
mine. However, the inhibition rate of loratadine was not
as high as that obtained with both doses of AEBO (50
and 150 mg/kg). This indicated that AEBO had an
inhibitory effect on histamine-induced NO production.

Effect of AEBO on histamine-induced VEGF production
Figure 5 shows that oral administration of AEBO signifi-
cantly suppressed histamine-induced VEGF production
in rat’s paw. As observed, the highest dose of AEBO
(150 mg/kg) had a greater effect (55.9% inhibition)
compared with the reference drug, loratadine (~11.2%
inhibition). On the other hand, 50 mg/kg of AEBO only
showed 36.6% inhibition compared with the non-treated
group.

Discussion
The present study demonstrated that the aqueous
extract of Bixa orellana leaves had anti-inflammatory
activity, as shown by the suppression of vascular fluid
ta are expressed as mean ± SEM, n = 6. Paw volume was measured
ontrol (histamine only).



Figure 3 Effect of AEBO on histamine-induced peritoneal
vascular permeability. Evans blue dye was collected and measured
by spectrophotometer. Data are presented as mean ± SEM, n = 6.
*P < 0.05, significantly different from NC (negative control).

Figure 5 Influence of AEBO on histamine-induced VEGF
production in rat’s paw. Data are presented as mean ± SEM, n = 6.
*P < 0.05, significantly different from NC (negative control).
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extravasations produced by histamine. These antihista-
mine activities, revealed by decreased paw volumes and
almost normalized peritoneal vascular permeability, were
suspected to be aided by the suppression of other
permeability-regulating substances (NO and VEGF).
In our preliminary study, B.orellana exhibited the abil-

ity to suppress the inflammatory activities of a number
of mediators, with AEBO having inhibited up to 99% of
paw edema induced by carrageenan (data not published).
Indeed, when bradykinin was later used to induce acute
inflammation in the same rat models, it was confirmed
Figure 4 Effect of AEBO on histamine-induced NO production
in rat’s paw. Paw tissue was homogenized and the supernatant
was assayed by the Griess reaction. Data are presented as mean ±
SEM, n = 6. *P < 0.05, significantly different from control.
that up to 82% of the increased vascular permeability
was successfully alleviated upon administration of AEBO
[6]. Histamine is one of the inflammogens that
contributes to acute inflammation and increase of vascu-
lar permeability [15]. The present study documents for
the first time the ability of AEBO to suppress the
histamine-induced inflammation in rats. Paw edema
assay is a useful tool for investigating agents with poten-
tial anti-inflammatory capabilities. The present study
showed that exposure of rat’s paw to histamine triggered
an elevation in fluid extravasations from microvessels in
the vicinity, an event that led to tissue swelling. The
results showed that AEBO was able to significantly sup-
press histamine-induced paw edema in rats, and this may
probably be due to the inhibition of the H1 receptor or
other signaling molecules down its pathway. Histamine H1

receptor expressed in endothelial cells of blood vessels is
important for regulating vascular permeability [10], and
increased permeability occurs once it is activated.
Inflammatory processes are also characterized by an in-

crease in microvascular permeability to macromolecules.
Leakage of Evans blue dye into the peritoneal cavity
indicated the formation of gaps or pores in the wall of the
peritoneal microvessels, large enough for a significant por-
tion of macromolecules to pass through. The administra-
tion of AEBO resulted in the retention of the normal
endothelial barrier function during histamine challenge,
having prevented the leakage of approximately 99% of the
Evans blue dye into the peritoneal cavity. Based on these
outcomes, it was demonstrated that AEBO displayed sig-
nificant antihistamine activity, through inhibition of the
vascular permeability processes. This could also be related
to the suppression of other permeability-regulating
molecules that lead to inflammation.
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Vascular endothelial growth factors (VEGFs) are
known as key regulators of permeability and binding to
their receptors trigger an increase in vascular permeabil-
ity [16]. Upregulation and downregulation of VEGF ex-
pression contributes to abnormal angiogenesis indirectly
leading to vascular hyperpermeability [17]. Furthermore,
overproduction of VEGF also contributes to progression
to other diseases such as coronary disease [18] and
cancer [19]. Ghosh and colleagues [20] demonstrated
that histamine enhanced the production of VEGF during
acute inflammation. VEGF release and its above-
mentioned effects on vascular permeability and cellular
infiltration could contribute to edema formation. Thus,
it is very important to regulate VEGF production in cells
either by suppression when it is overproduced or vice
versa. Our results showed that the oral administration of
AEBO in rats decreased the histamine-induced VEGF
production, indicating that AEBO may have the poten-
tial to regulate vascular permeability by monitoring the
expression of VEGF.
Nitric oxide (NO) is a signaling molecule that is

synthesized from L-arginine by NO synthase [21]. It is well
recognized that NO plays an important role in maintaining
the normal physiological function of vascular tissues. It has
been previously reported that histamine increased vascular
permeability by activating NO production [22]. In addition,
Mayhan [23] also demonstrated that nitric oxide was
involved in increased macromolecular extravasation
induced by histamine in the hamster cheek pouch. In
addition, endothelial nitric oxide synthase (eNOS) was
found to play a major role in vascular leakage during acute
inflammation in vivo [24]. Thus, suppression of NO pro-
duction may help reduce acute inflammation. From the
present study, it was observed that more than 50% of the
NO elevation caused by histamine could be alleviated by
AEBO. This further supports its action as an anti-
inflammatory agent.
Raga and colleagues [25] successfully isolated ishwarane,

phytol, polyprenol and a mixture of stigmasterol and
sitosterol from the dichloromethane extract of air-dried
leaves of B. orellana. The current GC-MS analysis revealed
six known chemical constituents. However, based on the
literature, only four of them are known to exhibit pharma-
cological activity. Acetic acid is an organic acid that has
been reported to possess antifungal [26] and antibacterial
properties [27]. Pentanoic acid (valeric acid) is a sedative,
anticonvulsant and mood-stabilizing agent [28]; whereas
phenol was reported to have anesthetic/analgesic [29] and
antiseptic [30] activities. Benzoic acid possesses antibacter-
ial [31] and antifungal properties [32]. As for their anti-
inflammatory contribution, a low concentration of acetic
acid (0.3 mg/mL) has been shown to inhibit histamine
release from guinea pig lung mast cells when stimulated by
both antigen (ovalbumin) and ionophore A23187 [33]. It is
known that allergic reactions develop from large inflamma-
tory responses caused by the release of mediators, includ-
ing histamine, during degranulation of mast cells. There is
also evidence of histamine itself acting as an inducer of
mast cell degranulation [34]. This could have happened in
our rat model, where histamine was injected into animals
to induce inflammation.
All of these constituents may or may not play an import-

ant role in the anti-inflammatory activity. Nonetheless, the
possibility of the minor compounds exhibiting anti-
inflammatory properties cannot be excluded.

Conclusions
Our results confirmed that the aqueous extract of B.
orellana had antihistamine activities, as demonstrated
by the suppression of increased vascular permeability
reflected in the decreased paw volume and Evans blue dye
leakage. It appeared that this permeability modulation by
AEBO also involved the reduction of biochemical
mediators such as NO and VEGF. We considered that the
active principle contained in the aqueous extract may play
a role in its anti-inflammatory activity. Whether or not it
acts by stabilizing mast cells remains to be elucidated.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YYK, ZAZ, AAK, MNS, GECL and ZA participated in the design of the research.
YYK carried out the experiments, analyzed the data and wrote the paper. ZA
provided funding and supervised the study. All authors read and approved
the final manuscript.

Acknowledgements
This research project was funded by the Fundamental Research Grant
Scheme (Project No. 04-01-07-100FR) from the Ministry of Higher Education,
Malaysia. The funding source has no involvement in the study design, the
collection, analysis and interpretation of data, in the writing of the article or
in the decision to submit the article for publication. We would also like to
thank Lee Han Keng, Cheng Xiao Qi and Chiong Hoe Siong for their
assistance in experiments.

Author details
1Department of Biomedical Sciences, Faculty of Medicine and Health
Sciences, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia.
2Department of Preclinical Science, Faculty of Veterinary Medicine, Universiti
Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia. 3Department of
Chemistry, Faculty of Science, Universiti Putra Malaysia, 43400 UPM Serdang,
Selangor, Malaysia.

Received: 31 August 2012 Accepted: 12 February 2013
Published: 14 February 2013

References
1. Castro IR: A guide to families of common flowering plants in the Philippines.

Philippines: The University of The Philippines Press; 2006:46–47.
2. Koh HL, Chua TK, Tan CH: A guide to medicinal plants – an illustrated, scientific

and medicinal approach. Singapore: World Scientific Publishing; 2009:30–31.
3. Fleischer TC, Ameade EP, Mensah ML, Sawer IK: Antimicrobial activity of

the leaves and seeds from Bixa orellana. Fitoterapia 2003, 74:136–138.
4. Braga FG, Bouzada MLM, Fabri RL, Matos MO, Moreira FO, Scio E, Coimbra

ES: Antileishmanial and antifungal activity of plants used in traditional
medicine in Brazil. J Ethnopharmacol 2007, 111:396–402.



Yong et al. BMC Complementary and Alternative Medicine 2013, 13:32 Page 7 of 7
http://www.biomedcentral.com/1472-6882/13/32
5. Shilpi JA, Taufiq-Ur-Rahman M, Uddin SJ, Alam MS, Sadhu SK, Seidel V:
Preliminary pharmacological screening of Bixa orellana L. Leaves.
J Ethnopharmcol 2006, 108:264–271.

6. Yoke Keong Y, Arifah AK, Sukardi S, Roslida AH, Somchit MN, Zuraini A: Bixa
orellana leaves extract inhibit bradykinin-induced inflammation via
suppression of nitric oxide production. Med Princ Pract 2011, 20:142–146.

7. Thurmond RL, Gelfand EW, Dunford PJ: Review: The role of histamine H1
and H4 receptors in allergic inflammation: the search for new
antihistamines. Nat Rev Drug Discov 2008, 7:41–53.

8. Rozenberg I, Sluka SHM, Rohrer L, Hofman J, Becher B, Akhmedov A, Soliz J,
Mocharia P, Borén J, Johansen P, Steffel J, Watanabe T, Lüscher TF, Tanner
FC: Histamine H1 receptor promotes atherosclerotic lesion formation by
increase vascular permeability for low-density lipoproteins. Arterioscler
Thromb Vasc Biol 2010, 30:923–930.

9. Mobarakeh JI, Sakurada S, Katsuyama S, Kutsuwa M, Kuramasu A, Lin ZY, Watanabe
T, Hashimoto Y, Yanai K: Role of histamine H1 receptor in pain perception: a
study of the receptor gene knockout mice. Eur J Pharmacol 2000, 391:81–89.

10. Jutel M, Akdis M, Akdis CA: Histamine, histamine receptors and their role
in immune pathology. Clin Exp Allergy 2009, 39:1786–1800.

11. Winter CA, Risley EA, Nuss CW: Carraageenan-induced oedema in hind
paw of the rat as an assay for anti-inflammatory drugs. Proc Soc Exp Bio
Med 1962, 111:544–547.

12. Somchit MN, Mak JH, Ahmad Bustamam A, Zuraini A, Arifah AK, Adam Y,
Zakaria ZA: Zerumbone isolated from Zingiber zerumbet inhibits
inflammation and pain in rats. J Med Plant Res 2012, 6:177–180.

13. Whittle BA: The use of changes in capillary permeability in mice to
distinguish between narcotic and non-narcotic analgesics. Br J Pharmacol
Chemother 1964, 22:246–253.

14. Moshage H, Kok B, Huizenga JR: Nitrite and nitrate determination in
plasma: a critical evaluation. Clin Chem 1995, 41:892–896.

15. Nagy JA, Benjamin L, Zeng H, Dvorak AM, Dvorak HF: Review paper:
Vascular permeability, vascular hyperpermeability and angiogenesis.
Angiogenesis 2008, 11:109–119.

16. Bates DO, Harper SJ: Review article: regulation of vascular permeability by
vascular endothelial growth factors. Vascul Pharmacol 2003, 39:225–237.

17. Bates DO: Vascular endothelial growth factors and vascular permeability.
Cardiovasc Res 2010, 87:262–271.

18. Eriksson A, Cao R, Pawliuk R, Berg SM, Tsang M, Zhou D, Fleet C, Tritsaris K,
Dissing S, Leboulch P, Cao Y: Placenta growth factor-1 antagonizes
VEGF-induced angiogenesis and tumor growth by the formation of
functionally inactive PlGF-1/VEGF heterodimers. Canc Cell 2002, 1:99–108.

19. Cascio S, Ferla R, D’Andrea A, Gerbino A, Bazan V, Surmacz E, Russo A: Expression
of angiogenic regulators, VEGF and leptin, is regulated by the EGF/PI3K/
STAT3 pathway in colorectal cancer cells. J Cell Physiol 2007, 221:189–194.

20. Ghosh AK, Hirasawa N, Ohuchi K: Enhancement by histamine of vascular
endothelial growth factor production in granulation tissue via H2

receptor. Br J Pharmacol 2001, 134:1419–1428.
21. Moncada S, Higgs A: The L-arginine-nitric oxide pathway. N Engl J Med

1993, 329:2002–2012.
22. Yuan Y, Granger HJ, Zawieja DC, DeFily DV, Chilian WM: Histamine

increases venular permeability via a phospholipase C-NO synthase-
guanylate cyclase cascade. Am J Physiol 1993, 264:H1734–H1739.

23. Mayhan WG: Nitric oxide accounts for histamine-induced increases in
macromolecular extravasation. Am J Physiol 1994, 266:H2369–H2373.

24. Bucci M, Roviezzo F, Posadas I, Yu J, Parente L, Sessa WC, Ignarro LJ, Cirino G:
Endothelial nitric oxide synthase activation is critical for vascular leakage
during acute inflammation in vivo. Proc Natl Acad Sci USA 2005, 102:904–908.

25. Raga DD, Espiritu RA, Shen CC, Ragasa CY: A bioactive sesquiterpene from
Bixa orellana. J Nat Med 2011, 65:206–211.

26. Cabo ML, Braber AF, Koenraad PMFJ: Apparent antifungal activity of
several lactic acid bacteria against Penicilium discolor is due to acetic
acid in the medium. J Food Prot 2002, 65:1309–1316.

27. Thorp MA, Kruger J, Oliver S, Nilssen ELK, Prescott CAJ: The antibacterial
activity of acetic acid and Burow’s solution as topical ontological
preparations. J Laryngol Otol 1998, 112:925–928.

28. Sharma M, Jain UK, Patel A, Gupta N: Review article: A comprehensive
pharmacognostic report on valerian. IJPSDR 2010, 1:6–40.

29. Gracies JM, Elovic E, McGuire J, Simpson DM: Traditional pharmacological
treatment for spasticity. Part I: Local treatment. Muscle Nerve Suppl 1997,
6:S61–S91.

30. Sames P: Phenol as antiseptic. Br Med J 1968, 1(5583):56.
31. Lino CM, Pena A: Occurrence of caffeine, saccharin, benzoic acid and
sorbic acid in soft drinks and nectars in Portugal and subsequent
exposure assessment. Food Chem 2010, 121:503–508.

32. Ning D, Wang H, Zhuang Y: Induction of functional cytochrome P450 and
its involvement in degradation of benzoic acid by Phanerochaete
chrysosporium. Biodegradation 2010, 21:297–308.

33. Ruiz CM, Gomes JC: Effects of ethanol, acetaldehyde, and acetic acid on
histamine secretion in guinea pig lung mast cells. Alcohol 2000, 20:133–138.

34. Carlos D, Sá-Nunes A, de Paula L, Matias-Peres C, Jamur MC, Oliver C, Serra
MF, Martins MA, Faccioli LH: Histamine modulates mast cell degranulation
through an indirect mechanism in a model IgE-mediated reaction.
Eur J Immunol 2006, 36:1494.

doi:10.1186/1472-6882-13-32
Cite this article as: Yong et al.: Chemical constituents and antihistamine
activity of Bixa orellana leaf extract. BMC Complementary and Alternative
Medicine 2013 13:32.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Chemicals
	Plant material and extraction
	Experimental animals
	Gas chromatography – mass spectrometry analysis
	Histamine-induced paw edema in rats
	Histamine-induced intraperitoneal vascular permeability assay
	Histamine-induced nitric oxide (NO) assay
	Histamine-induced vascular endothelial growth factor (VEGF) assay
	Statistical analysis

	Results
	Chemical constituents of AEBO
	Effect of AEBO on histamine-induced paw edema in rats
	Effect of AEBO on histamine-induced peritoneal vascular permeability
	Effect of AEBO on histamine-induced NO production
	Effect of AEBO on histamine-induced VEGF production

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

