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Abstract

Products from Opuntia ficus indica have been used in ancestral medicine for treatment of hyperglycemia,
lipidaemia, inflammation, infection, among others. This study aimed to validate the effect of Opuntia ficus indica
on acute hyperglycemia and identify the component/s mediating this effect. Crude extracts were analyzed by gas
chromatography mass spectrometry (GC-MS) and phytochemical screening. Several saturated and two mono-
unsaturated fatty acids were identified, as well as one diterpene and one carbohydrate. Water soluble and
organic-solvent soluble compounds were obtained from the stem pulp of Opuntia ficus indica. Phytochemical
screening indicated the presence of glycosides and coumarins, with weak reactions for tannins and flavonoids.
The most abundant water soluble components were identified as polysaccharides. Bioactivity on blood glucose
levels by several preparations of Opuntia ficus indica was readily detected using an acute model of induced
hyperglycemia in Wistar rats. Dose-response experiments demonstrated normo-glycemic activity in the range 50-
300 mg/kg. In conclusion products from Opuntia ficus indica stems display potent capacity to reduce postprandial
levels of glycemia in an animal model of acute hyperglycemia.
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Introduction

Diabetes type 2 (DT2), also «called insulin-
independent or non-genetic, constitutes a major health
problem worldwide, reaching epidemic proportions in
some countries (1). Predictions from the International
Diabetes Federation estimates the frequency of
diabetes at 382 million worldwide in 2013, with a
projected frequency of 4.4% by year 2035 (2). Such a
high level of disease requires ever growing medical
resources, increasing overall the costs of healthcare.

Unhealthy dietary habits and a sedentary life style
are considered mayor contributors to the escalating
frequency of diabetes (3). Genetic factors appear to
increase the risk of DT2 in specific human groups,
including Hispanics, and about 36 genes —each one with
rather low risk, but accumulative- have been identified
as risk factors (4). Mortality is increased among
affected individuals, and the associated morbidities
include obesity, dyslipidemias, arterial hypertension,
cardiovascular disease and disability (5, 6). Diabetes has
been detected in humans since antiquity, and different
ethnic groups have used a wide variety of products,
mainly of vegetal origin, to treat and alleviate this
disease. In addition, complementary and alternative
medicine based on some of these natural products has
been increasingly = consumed, reaching high
percentages of users in some communities (7,8,9).

Both the fruits and pulp of the prickly pear cactus
(family Cactaceae) are popularly consumed as food
(10,11). Also, preparations from several varieties of
these cacti (genus Opuntia) have been attributed a
number of biological actions, including anti-diabetic,
anti-hyperlipidemic, antioxidant and antiviral activities
(12). The dried pulp of the cladodes from Opuntia ficus
indica (OFI) has been widely used by native people in
Mexico and Central America for control of DT2 (13).
Moreover, some early but limited clinical studies
supported the notion of an anti-diabetic effect in OFI
(13,14) as well as in Opuntia streptacantha (14,15,16)

Several compounds have been identified as
biologically active in members of the Opuntia genus.
For example, flavonoids, sterols and alpha-pyrones
were reported in Opuntia dillenii (17,18,19). Polyphenols
(20,21), flavonoids (20), proanthocyanidins (22), beta-
sterols (23), and a glycoprotein with potential normo-
lipemic effect (24) were found in OFI. Polysaccharides
from the same species had an anti-diabetic effect in
diabetic subjects (6), dermal healing in rats (25), and an
anti-inflammatory effect evaluated in chondrocyte
cultures (26). More recently, an interesting study
demonstrated modulatory activity of Opuntia
polyacantha on macrophages in vitro, providing a
mechanism for its anti-inflammatory effects (27).

However, the biological effects of polysaccharides and
other components of OFI are still in need of more
extensive characterization. We investigated in this
study the chemical components of Opuntia ficus indica
by gas chromatography and mass spectra analysis, and
evaluated its potential in glycemia control compared to
a standard treatment drug, in a rat model of acute
hyperglycemia.

Methods

Extract Preparation.

Stems of OFI (0.5 kg) were washed with H20, peeled
and the pulp cut in squares about 1.5 cm long. This
material was processed in a food blender until the mass
was homogeneous in texture. The resulting mix was
spun at 2000 rpm for 10 min at 4°C. The crude extract
was used for the lyophilization -silanization procedure
described below. An acetone-treated extract for
biological assays was generated by treating 1 ml crude
extract with 2 ml acetone. The white precipitate was
further rinsed with fresh acetone and diluted in H20.
Ethanol extracts were also prepared for the
phytochemical screening.

Lyophilization and silanization.

300 mg of crude OFI extract were freeze dried in a
LABCONCO freeze-drier system of 4.5 L capacity
(Houston, Texas). Then, dried OFI extracts were mixed
with 200 ul of BSTFA (-N,O-Bis (trimethylsilyl)
trifluoroacetamide), Sigma-Aldrich and maintained at
80°C for 2 h to reaction as described before (28).

Analysis by gas chromatography mass spectrometry
(GC-MS)

Silanized OFI extracts were analyzed in an Agilent
Technologies 7890A GC system supplied of 5975C inert
XL MSD with triple axis detector. A capillary column HP-
5MS (30 mm length, 0.25 mm diameter) with 0.25 um
layer of phenyl methylpolysiloxane was used as
stationary phase and helium as the carrier gas. The
injection of samples was done at 250°C (split-less
mode), the detector temperature was 280°C and the
oven temperature started at 80°C for 1 minute,
afterward it was increased to 300°C at 7°C/min. The MS
component was operated at 70 eV and the data
compounds were collected in scan mode with a range
of 40-700 mass units. At last, compounds were
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identified by comparison of their mass spectra and
mass reference of Wiley gth with NIST 2011 MS Library.

Phytochemical screening

Samples were tested for glycosides, coumarins,
tannins, flavonoides, and alkaloids. For glycosides, 1 g
of crude extract was dissolved in 5 ml H20 and filtered;
5 ml Benedict’s reagent was added to 1 ml clear filtrate;
an orange read precipitate was read as a positive
reaction (Benedict’s test). A confirmatory test for
carbohydrates was performed with the water-soluble
phase of a crude extract, adding 1 ml a-naphtol and 4
ml concentrated sulfuric acid to a 1 ml saturated OFI
water solution (Molisch’s test). For coumarins, about 1
g of the extract was covered with filter paper adsorbed
with diluted NaOH and heated in a water bath for 4-5
min; a fluorescent yellow reaction under UV light
observation was considered positive. The ferric chloride
test was used for determination of tannins: ferric
chloride (3-4 drops of 5% sol) was added to 1 ml extract;
a green color indicated a positive reaction. For
flavonoids, a small piece of magnesium foil was added
to a vial containing 1 g of crude extract dissolved in 5 ml
ethanol. HCl acid was added drop wise until red color
development (Shinoda’s test). For alkaloids, 5 g of
crude extract were suspended in 5 ml HCl 1%, stirred on
a water bath and filtered; for the Dragendroff’s test, 1
ml of clear filtrate was mixed with 1 ml Dragendroff’s
reagent, and an orange-red precipitate was indicative
of a positive reaction. A Wagner’s test was performed
by mixing 1 ml clear filtrate with 2 ml of Wagner’s
reagent, and a red-brown precipitate was read as a
positive reaction.

Biological assay for glycemia

Wistar rats about 200 g + 20 g were housed in
regular laboratory conditions (22 * 3°C, relative
humidity 50-55%, 12 h light/dark cycles) and had access
to water and standard animal food ad libidum. Animals
were restricted on food for the last 12 h before assays.
OFI extracts for biological assays were prepared as
indicated above. Wistar rats about 200 g were
randomly assigned to groups, with 4-5 per group and
orally administered saline solution (No treatment
control group), and Metformin (Sanofi-Aventis, Cali,
Colombia) as positive control of treatment or OFI
extracts. Metformin was given at 10 mg/kg and OFI
extracts were given at the doses indicated in the
graphs. Treatments were orally administered at a
volume of 400 plfrat. A glucose (D-glucose,
Mallinckrodt ~ Baker,  Phillipsburg, NJ) solution

containing 400 mg/rat was given orally 30 minutes later
to all groups. A negative control group received
glucose only. Blood samples from control and test
groups were taken at baseline, 15 min and 60 after bulk
glucose ingestion using a glucometer Accu-Chek®
(Roche Diagnostics GmbH, Mannheim, Germany).
Animal management was performed according to the
NIH Guide for the Care and Use of Laboratory Animals
(NIH publications No. 80-23), revision of 1996.

Statistical Analysis

Data from the GC-MS chromatograms was analyzed
using the INFOSTAT software. Data from bioassays was
analyzed applying the SPSS statistical software
package, version 22.0 (SPSS, Chicago, IL). Values at
p<0.05 in two-tailed pair-wise comparisons were
considered statistically significant.

Results

Chromatographic analysis

The analysis of the chemical structures in the samples
was established by comparison of the mass spectra
focusing on those with certainty >90%. Several of the
compounds identified were saturated fatty acids:
butanedioic acid, nonanedioic acid, hexadecanoic acid,
octadecanoic acid, and eicosanoic acid (Table 1 and
Figure 1). There were two mono-unsaturated fatty
acids: palmitelaidic acid and trans-13-octadecenoic acid,
a diterpenoid (5,8-epoxy-15-nor-labdane) and one
carbohydrate (D-mannitol).

Phytochemical screening

Testing for phytochemical screening was performed in
parallel, in water-based extracts and in ethanol-
extracts. Reactions for glycosides and coumarins were
positive in both the water-base extracts and ethanol-
based extracts (Table 2). A confirmatory carbohydrate
determination (Molisch’s test) indicated a strong
positive reaction. The ethanol extract gave also a weak
reaction for tannins and flavonoids. Reaction for
alkaloids was negative in both types of extracts.

Effect of OFI extracts on glycemia

Wistar rats were organized in 6 groups of 4 animals
each. Glycemia levels were determined at baseline and
at 15 and 60 min after oral administration of a glucose
solution (400 mg/rat). A group receiving Metformin
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was used as positive control of treatment, and a group
receiving glucose only as a negative control of
treatment. Compared with the negative control of
treatment (glucose only), all groups receiving
Metformin or OFI extracts (50 mg/rat) had reduced
levels of glycemia at 15 min post administration of the
glucose challenge, whereas the values declined at 60
min after glucose challenge and the differences tended
to disappear (Figure 2a). Pair-wise comparisons of
values determined at 15 min using the negative control
as a reference indicated that the differences were
statistically significant for the Opuntia total extract (p <
0.01, a stem crude extract), Opuntia liquid phase (p <
0.001) and Opuntia acetone precipitate (p < 0.01, Figure
2b).

Dose response to OFI extracts in glucose challenge

Dose response experiments were performed to
investigate the potency of treatment with the OFI
acetone precipitate. Six groups with five rats each were
randomly distributed in control groups as described
above and OFI acetone precipitate was tested at 60, 20
and 10 mg /rat. Overall, all treated groups presented
reduced glycemia at min 15 post challenge, and all
values tended to normalize by min 60 (Figure 3a). Pair-
wise comparison of the values determined at 15 min
post challenge indicated statistically significant
differences for the 60 mg/rat (p = 0.024) and 10 mg/rat
doses (p = 0.037) using the glucose-only group
(negative control of treatment) as a reference (Figure
3b). Pair-wise comparison of values of the three doses
from OFl-treated groups with the Metformin-treated
control indicated no statistically significant differences.

Discussion

Several of the compounds identified in the
chromatographic analysis were saturated fatty acids.
Of these, nonanedioic acid, also known as azelaic acid,
has reportedly antibacterial activity (29), and is being
actively investigated for its anti-inflammatory
properties, that appear to include increased expression
and transcriptional activity of PPARy (30).

Of the two mono-unsaturated fatty acids detected in
the chromatographic analysis, palmitelaidic acid may
have some application on weight management and
health by reducing adiposity, modulating fatty acid
synthesis in adipocytes (31)

The analysis also detected a labdane-type diterpene.
This is an interesting finding, as the diterpenes are a
large family commonly found in the plant kingdom,
with some of them having shown broad biological
effects (32). At least some of those promising effects

appear to be anti-inflammatory and involve regulation
of components of the NFkB complex, a key step in
immune activation (33).

Polysaccharides are abundant metabolites in members
of the Opuntia genus. In agreement with previous
studies, we detected a substantial concentration of
polysaccharides in OFI samples in the phytochemical
screening, and confirmed by specific chemical reaction.
Of note, detection of compounds other than glycosides
was highly efficient by gas chromatography, but less so
for glycosides. As reported earlier, crude extracts of
OFl present significant capacity to control the
postprandial spike on blood glucose (2), as well as in
Opuntia streptacantha (7). A recent work on O.
streptacantha indicated immunomodulatory action by
its polysaccharides, supporting the notion that this
family of compounds is important for the biological
effects observed (27).

In our study, the effect of OFI in control of postprandial
glycemia was readily observed in biological assays with
several OFI extracts. The dose response experiments
showed a high efficiency of the OFI acetone extract to
control glucose levels in blood, indicated by levels
similar to those obtained by the anti-diabetes drug
Metformin. This observation is important, since it
suggests that even low doses of OFlI may help to
control postprandial glycemia in humans.

The need of new approaches to help control glycemia
levels increases as the frequency of diabetes type 2
continues to rise worldwide (14,16). This is particularly
pressing in countries with developing economies,
where the frequency of diabetes escalates at a faster
rate, but with limited resources. Moreover, large
segments of populations in these highly affected
countries are inclined to attend their medical needs
using traditional medicine. Therefore, studies like ours
are justified to develop and evaluate procedures that
target communities in need. It seems also feasible to
explore the use of natural products as OFI as a dietetic
help, reducing the dose of pharmaceutical chemicals
needed to achieve healthy blood glucose levels. We
conclude that further studies are justified to investigate
the cellular events mediating glycemia control.
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Table 1. Compounds identified by gas chromatography/mass spectroscopy in crude extracts of Opuntia ficus indica

. %
Tr (min) Compounds abundance
1 9.76 Butanedioic acid 1.54
2 17.83 Nonanedioic acid 0.41
3 20.18 D-Mannitol 0.32
4 20.92 Palmitelaidic acid 0.17
5 21.26 Hexadecanoic acid 1.26
6 23.47 Trans-13-Octadecenoic acid 1.44
7 23.79 Octadecanoic acid 1.66
8 26.12 Eicosanoic acid 0.09
9 35.90 5,8-Epoxy-15-nor-labdane 0.58
34

Table 2. Phytochemical screening of crude stem extracts from Opuntia ficus indica

Test type
Solvent | Glycosides | Coumarins | Tannins | Flavonoids
Water + + - -
Ethanol + + weak + weak +

Abundance
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Figure 1. Analytical gas chromatograph of the crude Opuntia ficus indica extract.
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Figure 2. Effect of Opuntia ficus indica preparations on postprandial glycemia in Wistar rats. Groups of 4 rats were given
glucose only (Negative control), or treatment with Metformin or OFI total extract, OFI liquid preparation, or OFI acetone-
precipitate, all extracts at 50 mg/rat. A) Overall glycemia values were elevated at min 15 and declined by min 60 after glucose
challenge. B) Differences in glycemia levels were statistically significant for all groups receiving OFI extracts, statistical

analysis at 15 min.
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Figure 3. Dose response to Opuntia ficus indica acetone preparations in postprandial glycemia. Groups of five rats were
randomly assigned to control groups (as described in Figure 2) or OFl acetone-extract at doses of 60, 20 or 10 mg/rat. A) The
3 doses of OFI tested mediated regulation of glycemia at min 15, and values declined by min 60. B) Compared with the
glucose-only group (Negative control), differences in glycemia levels were statistically significant for the groups receiving the
doses of 60 mg (p = 0.024) and 10 mg (p = 0.037).
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