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INTRODUCTION

Plants are a critical therapy in many countries and are the 
basis for drug development efforts (Revathi and Rajeswari, 
2015). Emerging countries encourage the incorporation of  
traditional medicine mainly through herbal preparations into 
the local health systems (Florence et al., 2015). In this context, 
the World Health Organization (WHO) has reported strategies 
to ensure the safety and efficacy of  the herbal products 
(WHO, 2013). Thus, it is critical to find new treatments based 
on medicinal plants including those with abundant active 
metabolites such as alkaloids, glycosides, resins, essential 
oils, gums, tannins, coumarins, saponins, anthraquinones, 
flavonoids and phenolic compounds (Himesh et al., 2011; 
Revathi and Rajeswari, 2015; Sepúlveda et al., 2016).

The achiote plant (Bixa orellana L.) is native to tropical 
America. It is cultivated and principally marketed for the 

extraction of  a dye from the seeds. This dye (also called 
annatto) contains the carotenoids bixin, norbixin and other 
products derived from lycopene. The main constituent 
is bixin, which represents approximately 80% of  the 
carotenoids in the annatto colorant. Annatto is widely 
used in the pharmaceutical, cosmetic and food industries 
(Yolmeh et al., 2014; Taham et al., 2015). Despite the 
importance of  the seeds of  achiote plant, the leaves are 
underutilized. On the other hand, the annatto leaves have 
been used empirically in traditional Mayan medicine.

Literature analysis showed important biological 
activities from aqueous extracts of  the leaves including 
antifungal activity, antibacterial, antioxidant, anti-
inflammatory, antidiarrheal, analgesic, anticarcinogenic, 
neuropharmacological, anticonvulsant and gastrointestinal 
effects (Shahid-ul-Islam et al., 2016). Some authors have 
studied the anti-inflammatory role of  Bixa orellana leaves 
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on in vivo models (Yoke et al., 2011; Yusuf  et al., 2014). 
However, it is important to highlight that not all cultivars 
have anti-inflammatory effects due to the biologic and 
climatical variations. Thus, it is important to locate and 
characterize cultivars with pharmacological potential.

The aim of  this study was to morphologically describe 
three Mayan accessions of  Bixa orellana Land then measure 
saponins, tannins, coumarins, anthraquinones, alkaloids, 
and total phenolic compounds in these specimens. We 
also measured the in vitro antioxidant capacity and the 
in vivo anti-inflammatory activity. Thus, this paper expands 
the utility of  Mayan achiote cultivars beyond the dye to 
include the leaves.

MATERIALS AND METHODS

Biological material and experimental set up
The leaves of  three accessions of  Achiote (Bixa orellana  L.) 
were harvested on September 2014 near Conkal, Yucatán, 
Mexico (Table 1). The accessions were numbered as 
1, 2 and 3. Voucher specimens were authenticated and 
deposited in Germplasm Bank of  Conkal’s Technology 
Institute, Conkal, Yucatán, Mexico.

The leaves were dried in an oven at 35 °C for 6 days until 
a constant weight was obtained. The dried leaves were 
powdered in a cyclone mill (mesh size 0.5 mm) (UDY 
Corp., USA) individually. The samples were stored in 
airtight plastic containers at room temperature in the dark 
until further analysis.

This study comprised morphological, chemical and 
biological analysis. Morphological analysis was done 
qualitatively and quantitatively. The presence of  saponins, 
tannins, coumarins, anthraquinones and alkaloids were 
determined qualitatively in the leaves. The total phenolic 
compounds were determined quantitatively in leaves. The 
antioxidant capacity was determined via 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) radical cation 
(ABTS·+) and the 2,2-diphenyl-1-picrylhydrazy stable 
radical (DPPH) methods in leaf  extract. Finally, the anti-
inflammatory effect of  leaves was measured.

Morphological analysis
The morphological analyses of  the three accessions of  
Bixa orellana were determined in samples of  fresh plant 
collected from the sites described in Table 1. All plants were 
marked and referenced with a global positioning system 
(GPS). The quantitative and qualitative parameters were 
related to vegetative and leaf  traits. Six quantitative traits 
(tree total height, first ramification height, trunk diameter, 
leaf  blade length, leaf  blade width, petiole length) as well 
as three qualitative traits (trunk surface, leaf  base shape, 
central vein color) were measured on each plant of  the 
three accessions.

A clinometer was used to measure the tree total height. The 
first ramification height was determined from the ground 
using a measuring tape. The trunk diameter of  the tree 
was determined by measuring the circumference at 0.10 m 
above the ground using a measuring tape. The length and 
width of  the leaves and fruits were measured using a ruler. 
Qualitative parameters were acquired by visual examination 
and by comparison with descriptors established by the 
International Plant Genetic Resources Institute (IPGRI, 
1995) on Avocado (Persea spp.) and extrapolated to Bixa 
orellana.

Extraction procedure and obtaining extracts
The leaves (10 g) from each accession of  Bixa orellana 
(1, 2 and 3) were extracted with a Soxhlet device (Pyrex®, 
Sigma-Aldrich, USA) to eliminate the hydrophobic material 
from the samples, three consecutive extractions of  3 h were 
performed using 250 mL of  hexane (first extraction), ethyl 
acetate (second extraction) and methanol (third extraction). 
The methanolic extracts were collected and concentrated to 
a final volume of  30 mL using a vacuum rotary evaporator 
(Yamato Scientific America (RE301AW), USA). All 
methanolic extracts were stored in amber flasks at −70ºC.

Chemical analysis of the extracts
Qualitative analysis
Determination of saponins
We used the technique described by Coolborn and Bolatito 
(2010) to determine the presence of  saponins in the leaves 
of Bixa orellana. Each extract (0.005 g) was placed in a tube 
containing 10 mL of  distilled water and then incubated 
30 min in a water bath at 80 °C. Afterwards, the tube was 
allowed to cool at room temperature, stirred vigorously and 
left to stand for 15 to 20 min. The presence of  saponins 
was assessed by measuring the height (mm) of  the foam 
formed.

Determination of tannins
The Bixa orellana leaf  extract (0.005 g) was dissolved in 
10 mL of  distilled water. The solution was divided into 
three test tubes and treated with: A gelatin solution 1% 

Table 1: Location of the leaves from different achiote (Bixa 
orellana L.) accessions
Accession 
number

Region GPS coordinates Voucher 
numbera

1 Yucatán, 
Mexico

N 21°4.606’; W 89°30.115’ LP10CAM01

2 Yucatán, 
Mexico

N 21°04.615’; W 89°30.121’ JM10QR08

3 Yucatán, 
Mexico

N 21°04.6151’; W 89°30.116’ LP10CAM05

aGermplasm Bank of Conkal’s Technology Institute, Yucatán, Mexico
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(w/v) in test tube number 1; a gelatin-salt reagent (1 g of  
gelatin and 10 g of  NaCl dissolved in 100 mL of  distilled 
water) in test tube number 2; and saline solution (NaCl 10% 
(w/v)) in test tube number 3. The appearance of  a white 
precipitate in test tubes number 1 and 2 and the absence 
of  such precipitate in test tube number 3 indicated the 
presence of  tannins (Coolborn and Bolatito, 2010; Aarland 
et al., 2015).

Determination of coumarins
Bixa orellana leaf  extract (0.005 g) was added to 10 mL 
of  distilled water in test tubes. The test tubes were 
covered with filter paper moistened in a caustic soda 
solution (0.067 g mL−1) and boiled. After 5 min, the 
paper was removed from the tube, dried and exposed to 
UV-light. The blue fluorescence indicated the presence 
of  coumarins (Coolborn and Bolatito, 2010; Aarland 
et al., 2015).

Determination of anthraquinones
The determination of  anthraquinones was carried out with 
the method of  thin layer chromatography. Silica gel plates 
60F254 (3 x 5 cm) were cut and an aliquot (0.1 mL) of  each 
Bixa orellana leaf  extract was applied. The eluent mixture 
consisted of  dichloromethane and methanol 95:5 (v/v). 
Yellow or red fluorescent spots under UV-light indicated 
the presence of  anthraquinones (Coolborn and Bolatito, 
2010; Aarland et al., 2015).

Determination of alkaloids
An aliquot of  0.1 mL of  each Bixa orellana extract 
was applied on silica gel plates 60F254 (3 x 5 cm). The 
plates were eluted with the same mixture used for 
anthraquinones and imaged with the Dragendorff  
reagent. The formation of  red-brown spots indicated 
the presence of  alkaloids (Coolborn and Bolatito, 2010; 
Aarland et al., 2015).

Quantitative analysis
Determination of total phenolic compounds content
Total phenolic compounds (TPC) were determined with 
the Folin-Ciocalteu phenol reagent using the technique 
described by Singlenton and Rossi (1965). A 200 µL aliquot 
of  diluted Bixa orellana leaves extract was mixed with 1 mL 
of  Folin-Ciocalteu reagent previously diluted 1:10 (v/v) 
with water and incubated for 1 min before adding 0.8 mL 
of  7.5% (w/v) sodium carbonate. The reaction mix was 
then incubated for 1 h at room temperature followed by 
absorbance measurements at 765 nm. To determine the 
concentration of  total phenolic compounds, a standard 
curve was prepared using gallic acid (0-100 µg mL−1) 
(Sigma-Aldrich, USA). The total phenolic content was 
reported as mg gallic acid equivalents per gram of  dry leaf  
weight (mg GAE g−1 LDW).

Pharmacological assays
Determination of antioxidant capacity by the 
ABTS·+ method
This method evaluated the free radical scavenging capacity 
of  leaves extract of  different Bixa orellana samples according 
to the method described by Rivero-Pérez et al. (2007). The 
radical was generated by reaction of  7 mM solution of  
ABTS in deionized water with 2.45 mM K2S2O8 (1:1 v/v). 
The solution was held in the dark at room temperature for 
at least 16 h to obtain a stable absorbance value at 734 nm. 
Subsequently, 1X PBS buffer pH 7.4 was used to adjust the 
absorbance of  the radical solution to 0.7 (water as blank).

An aliquot of  100 μL of  trolox or each Bixa orellana of  
leaves extract was added to 1000 μL of  this solution. 
Diluted samples of  each Bixa orellana leaves extracts in PBS 
buffer 1 X, pH 7.4 were used. The antioxidant capacity (AC) 
was monitored via the decrease in absorbance at 734 nm 
(Beckman DU-650, UV-Vis spectrophotometer, USA). 
A standard curve was prepared with 0 to 20 μM trolox 
(Sigma-Aldrich, USA). Results were expressed as trolox 
equivalent antioxidant capacity per gram of  dry leaf  weight 
[TEAC (mM g-1 LDW)].

Determination of antioxidant capacity by the DPPH 
method
The method used to test the antioxidant capacity of  each 
Bixa orellana leaf  extract was based on the evaluation of  the 
free radical scavenging capacity of  the extracts according to 
the method described by Brand-Williams et al. (1995) using 
a solution of  0.1 mM of  DPPH in methanol. An aliquot 
of  50 μL of  ascorbic acid or Bixa orellana leaf  extract was 
added to 950 μL of  this solution. Diluted samples of  the 
Bixa orellana leaf  extracts in 80% aqueous methanol (v/v) 
were used. The antioxidant capacity was measured by the 
fall of  the absorbance at 515 nm (Beckman DU-650, UV-Vis 
spectrophotometer, USA). The standard curve was prepared 
with 0 to 700 μM ascorbic acid (Sigma-Aldrich, USA). Results 
were expressed as ascorbic acid equivalent antioxidant 
capacity per gram of  dry leaf  weight [AEAC (mM g-1 LDW)].

Acute toxicity studies
Aqueous extracts of  the studied accessions (1, 2 and 3) of  
Bixa orellana leaves were used. The toxicity was evaluated 
according to the growth and weight in male Wistar 
rats—36 male Wistar rats 21 days old (95 and 121 g) were 
selected by random sampling technique. Animals had free 
access to feed and leaves extracts oral via ad libitum during 
15 days and was divided into the following groups (n = 7): 
Control group (500 mL water per group); three Bixa orellana 
500-ppm (500 mg leaf  powder L−1 in water) aqueous leaf  
extracts were used (accessions 1, 2 and 3) (see supporting 
information S3, S4, S5 and S6).
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Determination of the carrageenan-induced paw 
edema anti-inflammatory in vivo model
Inflammation was induced in 36, 72-day-old male Wistar 
rats with weights between 254 and 282 g. Animals had 
free access to feed and leaves extracts oral via ad libitum 
during 10 days and divided into the following groups 
(n  = 7): Negative control group (500 mL water per 
group), positive control group (indomethacin 10 mg kg−1 

in 500 mL water per group), three Bixa orellana aqueous 
leaf  extract groups (accessions 1, 2 and 3) each containing 
500 ppm (500 mg leaf  powder L−1). Inflammation was 
induced in the right paw by a sub-plantar injection of  
0.1 mL of  carrageenan 1% (w/v) in saline solution 
0.9% (w/v) (Cai et al., 2014). The change in edema was 
calculated according to the difference in the measured 
diameter between the non-swollen left paw and right 
paw treated with carrageenan. This study was done every 
24 h during 10 days. The animals were provided by the 
Animal Center at Universidad Autónoma Metropolitana 
Unidad-Iztapalapa. Laboratory animals were handled 
according to CICUAL (Institutional Committee for the 
Care and Use of  the Animals) based in the international 
and national rules established in the “Official Mexican 
Rule” for the care and use of  the laboratory animals 
[NOM-062-ZOO-1999] (NOM, 1999).

Statistical analysis
Statistical analysis was carried out using NCSS software 
(2007, update 2009, v07.1.18). Data were compared 
applying one-way ANOVA followed by Tukey’s multiple 
comparison tests. Values were considered as statistically 
significant at P<0.05.

RESULTS AND DISCUSSION

Morphological descriptors
Vegetative traits
Table 2 shows the parameters determined for three Bixa 
orellana accessions. Differences were observed among 
the accessions in terms of  tree total height (from 2.23 to 
3.10 m), first ramification height (from 0.11 to 0.22 m) and 
trunk diameter (from 0.09 to 0.45 m). The trunk surface 
was smooth for all accessions (Table 2, see supporting 
information S-7).

Leaf traits
All the accessions had similar length characteristics (from 
0.137 to 0.200 m) and width (from 0.080 to 0.095 m). The 
petiole length ranged from 0.034 to 0.051 m. There were no 
differences in terms of  leaf  base shape because all accessions 
were truncate. Furthermore, differences in central vein color 
varied from green/yellow to green (Table 2).

Chemical qualitative analysis
These tests were carried out in methanolic leaf  extracts of  
Bixa orellana to determine the presence of  different chemical 
groups. Saponins, tannins, coumarins, anthraquinones 
and alkaloids likely underlie the therapeutic outcomes 
seen here. This qualitative evaluation represents an initial 
characterization. The results showed that Bixa orellana leaf  
extracts presented a high content of  anthraquinones and 
low of  saponins in all accessions studied. There were no 
tannins, coumarins or alkaloids in any of  the Bixa orellana 
leaf  extracts (see supporting information S2). However, 
Tamil et al. (2011), Bhatnagar et al. (2015), Sangvikar et al. 
(2015) and Gupta (2016) did identify tannins, coumarins 
and alkaloids in methanolic leaf  extracts of Bixa orellana. 
The accessions studied here did not have these compounds.

Total phenolic compounds content
Phytochemicals are described as functional chemical 
compounds produce by plants (Huang et al., 2010). One 
of  these phytochemicals are the phenolic compounds 
ubiquitous in all plants tissues which have an aromatic ring 
bearing one or more substituents (Young, 2010). Currently, 
these chemical compounds have attracted attention due 
to their activity and beneficial effects on human health 
(Han et al., 2007). Phenolic compounds play an important 
role in the coloration of  plants and as defense substances 
against pathogens and herbivores. As well as they have been 
involved in essential processes of  reproduction and growth 
(Baidez et al., 2007). Besides, Plant phenolics have been 
attributed a wide spectrum of  pharmacological activities 
(Young, 2010). In vitro studies have shown that polyphenols 
are strong antioxidants that could complement and 
enhance to the function of  enzymatic and non-enzymatic 
antioxidant systems as defense mechanism against oxidative 
stress caused by an imbalance in reactive oxygen species in 
cellular metabolic processes (Tsao, 2010).

Table 2: List of results of measured descriptors in vegetative and leaf traits of three Bixa orellana accessions
Accession 
number

Voucher 
numbera

Vegitative traits Leaf traits
Tree total 
height (m)

First 
ramification 
height (m)

Trunk 
diameter (m)

Trunk 
surface 

Leaf blade 
length (m)

Leaf blade 
width (m)

Leaf base 
shape 

Petiole 
length (m)

Central vein 
color 

1 LP10CAM01 2.23 0.18 0.45 Smooth 0.137 0.090 Truncate 0.034 Green/yellow
2 JM10QR08 2.41 0.22 0.09 Smooth 0.158 0.095 Truncate 0.051 Green/yellow
3 LP10CAM05 3.10 0.11 0.13 Smooth 0.200 0.080 Truncate 0.044 Green
aGermplasm Bank of Conkal’s Technology Institute, Yucatán, Mexico. All measures are given as a mean. Abbreviations: m, meters
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The total phenolic compound (TPC) metric is a parameter 
generally determined as part of  the phytochemical profile 
of  plant tissues. The highest content of  TPC was observed 
in the leaf  extracts of  accessions 2 (158.77 ± 3.75 mg 
GAE g-1 LDW) and 3 (163.00 ± 8.41 mg GAE g-1 LDW) in 
comparision with accession 1 (113.53 ± 7.20 mg GAE g-1 
LDW). No significant differences (P > 0.05) were observed 
between accessions 2 and 3. Leaf  extract of  accession 
1 showed 1.4-fold lower TPC in comparision with another 
accessions studied (Table 3).

In this work TPC in leaf  extracts was 2.6-fold lower on 
average to those reported in other plants rich in TPC such 
as green tea, where up to 381 mg gallic acid equivalents 
per gram of  dry leaf  weight (mg GAE g−1 LDW) have 
been reported. Fu et al. (2011) studied the TPC of  51 
tea infusions and they reported that the TPC varied from 
0.032 to 1.395 ± g gallic acid equivalent (g GAE)/L. In this 
sense, the TPC levels observed in the accessions studied 
which varied from 113 to 163 mg GAE g-1 LDW could 
be considered as a good source of  phenolics (Table 3).

Pharmacological analysis
Antioxidant capacity
Antioxidant capacity is a parameter generally determined 
as part of  the phytochemical profile of  plant tissues. 
The evaluation of  the AC may be an appropriate tool to 
determine the additive antioxidante properties of  plant-
derived natural products (Raddatz et al., 2016).

ABTS is an accurate method extesively used to determine 
the antioxidant capacity of  food, primarily based on the 
determination of  the compounds present that act as 
suppressors of  free radicals. On the other hand, DPPH is 
one of  the main methods used for the determination of  
the antioxidant capacity in hydrophilic fractions due to its 
sensitivity to detect active substances at low concentrations 
(Aarland et al., 2016).

The AC experiments using ABTS method and leaf  
extract samples showed that accession 2 (121.67 ± 7.31 

TEAC mM g-1 LDW) had the highest AC followed by 
accession 3 (93.73 ± 5.21 TEAC mM g-1 LDW); accession 1 
was the lowest (58.40 ± 5.12 TEAC mM g-1 LDW) (Table 3).

The highest antioxidant capacity (AC) was observed in the 
leaf  extracts using DPPH method were AC varied from 4775 
to 12433 [AEAC (mM g-1 LDW)]. The DPPH method with 
leaf  extracts indicated that accessions 2 (12433.64 ± 509.96 
AEAC mM g-1 LDW) and 3 (11440.27 ± 668.40 AEAC mM g-1 
LDW) had a higher AC than accession 1 (4775.92 ± 97.99 
AEAC mM g-1 LDW). The DPPH results were higher than 
the ABTS results (Table 3). There are strong correlation 
between TPC content and AC in leaf  extracts [R2= 0.8610 
(for ABTS); R2= 0.9807 (for DPPH)].

Toxicologic and anti-inflammatory effect of Bixa 
orellana leaf extracts
Leaf  extracts had no toxic effects in male Wistar rats 
(see supporting information S3-S6). Bixa orellana leaf  
extracts from accessions 1, 2 and 3 all had a strong anti-
inflammatory effect against plantar edema in male Wistar 
rats—the effects were similar to indomethacin. Accession 
1 reduced the inflammation on day 4, the accession 2 on 
day 7, and accession 3 on day 5 (Fig. 1). Indomethacin was 
effective on day 2. Accession 1 was faster than accession 
3, which offered a strong anti-inflammatory effect. The 
results are similar to Yusuf  et al. (2014) who observed an 
anti-inflammatory effect of  Bixa orellana leaf  infusion in a 
model of  plantar edema in Wistar rats.

Polyphenolic compounds can not only act as antioxidants, 
but can also have an anti-inflammatory effect as well 
(Eddine et al., 2016; Sepúlveda et al., 2016); however, 
there was poor correlation between TPC and AC and anti-
inflammatory effects. Accession 1 had a lower TPC and 
AC; however, accession 2 had a higher anti-inflammatory 
effect. This suggests that higher TPC and AC presented 
lower anti-inflammatory effects.

The anti-inflammatory activity is likely due to anthraquinones 
or saponins. Other authors have associated anthraquinones 
and saponins with anti-inflammatory activity (Odeyemi 
et al., 2015; Park et al., 2016). While indomethacin has 
a higher anti-inflammatory effect than the three other 
extracts, this effect may be due to higher concentrations of  
the drug in the pharmaceutical preparation. The dose of  the 
whole herbal preparation was similar to the indomethacin 
control, and the concentration of  the active substance in 
the herbal extracts is possibly lower.

CONCLUSION

Our results indicate that annatto leaves of  accession 
3 could be used to manufacture a phytomedicine with 

Table 3:Total phenolic compounds and antioxidant capacity 
in leaves extract of Bixa orellana
Accession 
number

Leaf
TPC

(GAE)
AC

(TEAC)
AC

(AEAC)
ABTS DPPH

1 113.53±7.20a 58.40±5.12a 4775.92±97.99a

2 158.77±3.75b 121.67±7.31c 12433.64±509.96b

3 163.00±8.41b 93.73±5.21b 11440.27±668.40b

Values are the mean of three replicates±standard deviation. Same letters 
within the same column do not differ significantly (P<0.05) according 
to Tukey's test. Abbreviations: TPC (GAE mg g-1 LDW); total phenolic 
compounds. TEAC (mM g-1 LDW); trolox equivalent antioxidant capacity. 
AEAC (mM g-1 LDW); ascorbic acid equivalent antioxidant capacity. 
AC; antioxidant capacity. LDW; leaf dry weight
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promising anti-inflammatory capacity analogous to the 
positive control. This justifies the propagation of  this 
cultivar (accession 3) in the Mayan zone in addition to use 
of  the seeds in the food industry. Annatto leaves can be 
used in the pharmacological industry, but it is important 
to standardize the active substances in the leaves of  the 
annatto before commercialization of  annatto leaves 
destined or pharmaceutical applications.
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