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Abstract
Background and Objective: In Mexico, Agave cupreata is used in traditional medicine to treatment of inflammatory processes. The aim
of this study was to evaluate the antibacterial and anti-inflammatory activities of extracts and fractions obtained from Agave cupreata
leaves. Methodology:  The A.  cupreata   leaves  were  extracted  by  maceration  with  solvents  of  increasing  polarity:  hexane,
dichloromethane and acetone. The fractions of dichloromethane extract were obtained by open column chromatography on silica gel
and elution system hexane-acetone 7:3. The antibacterial activity was evaluated using the double dilution agar and microtiter broth
dilution methods. The anti-inflammatory activity was tested using TPA-induced mouse ear edema and λ-carrageenan-induced mouse
paw edema model. One way ANOVA was used to evaluate the statistical differences. Results: The MIC of extracts of hexane and
dichloromethane  were  16  mg mLG1  against  Staphylococcus   aureus   and Pseudomonas  aeruginosa  and all clinical isolates tested;
for the  acetone  extract only Staphylococcus simulans  was susceptible (MIC of 16 mg mLG1). Of the fractions obtained from the
dichloromethane   extract,   the   F-34   was   the   most   active   against   all   bacteria   tested   (MIC   of   2-16   mg   mLG1).   As   for  the
anti-inflammatory activity, the dichloromethane and acetone extracts present  an  inhibitory   effect  on the formation of edemas of
64.29%  (ED50 = 107.55 mg kgG1 b.wt.) and 48.82%, respectively when  inflammation  was  induced  with carrageenan and being induced
by TPA it was 62.47% (ED50 = 1.21 mg per ear) and 40.82%. Conclusion:   The  extracts  of  hexane  and dichloromethane from A. cupreata 
leaves exhibited antibacterial activity, for both sensitive strains and clinical isolates methicillin-resistant Staphylococcus;  in addition, it
could be an important source of compounds with anti-inflammatory action.
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INTRODUCTION

Mexico has the greatest diversity of Agave species in the
world, with as many as 159 species (119 endemic) which
occupy more than 75% of the territory. They are very diverse
in the arid and semi-arid provinces of the center and north of
the country1,2. Agaves are plants of great cultural and
economic importance, all their structures are used as food
(humans and livestock) and material for the production of
fibers but its main use is the manufacture of fermented
beverages2,3. Currently, the agave metabolites are used for the
semi-synthesis of steroidal drugs for the pharmaceutical
industry4. In addition, to its medicinal use for the treatment of
bacterial and inflammatory diseases, (e.g.,  gastrointestinal and
wound infections, urological disorders, dysentery)5,6, cancer
and diabetes2,5,7.  Scientific  studies report that crude extracts
of species  of   Agave   such  as   A.   tequilana,   A.  americana,
A.   angustifolia   and    partially    purified    fractions   have
anti-inflammatory8,9,   anticancer7,10,11,    antimicrobial,
antioxidant12,   antihypertensive13,   immunomodulatory14,
antiparasitary15,16  and antifungal17  activities. These activities
are  due   to  the  secondary  metabolites that are present in
the extracts and fractions such as fatty acids (ethyl esters),
triterpenes, saponins, steroids, tannins, flavonoids, cardiac
glycosides and fructans7,12,18,19.

Among the species of Agave in Mexico is A. cupreata, this
is an endemic plant naturally distributed in the Balsas
Depression, a semiarid region in Guerrero and Michoacán
states in Mexico Southwestern20. This species is distinguished
by copper-coloured spines, broad, light green leaves, strongly
serrated and with impressions of spines very marked in the
edges21. Various parts of the plant are used in traditional
medicine; however, its main use is the central head (“piña”)
which is used to the elaboration of “mezcal”, an alcoholic
beverage similar to the Mexican tequila22. 

Considering that other species of agave already have
corroborated antibacterial and anti-inflammatory effects, it is
expected that A. cupreata could present similar biological
activity, it is important to mention that for this species there
are no scientific reports about its biological activity and as
regards its phytochemical composition, only its lipid content
has been determined19.  The interest in anti-inflammatory and
antibacterial substances of plant origin is increasing because,
in some cases, they offer advantages over in some classic
drugs, such as the low incidence of side effects23, for that
reason, the objective of this study was to evaluate the
antibacterial  and  anti-inflammatory  activity  of   extracts  of

A. cupreata  which  will  produce  knowledge of molecules
with biological activity that in the future could potentially be
used to obtain new phytodrugs.

MATERIALS AND METHODS

Plant material: The A. cupreata leaves were collected in
Guerrero State, Mexico in July 2015. The plant material was
identified by Dr. Abisaí Josué García Mendoza from Biology
Institute of National Autonomous University of Mexico
(UNAM), México.  A voucher specimen with accession number
MEXU-2050 was submitted to the Nation herbarium of Mexico
(MEXU) and identified as Agave cupreata Trel. and A. Berger.

Plants  extracts  and  fractions:  The  dried and ground leaves
of A. cupreata (3.5 kg) were extracted successively by
maceration using ascending polarity solvents: Hexane,
dichloromethane and acetone (reagent grade,  1.5  L  at 24 h,
3 times). The macerated  material  was  filtered, extracts
pooled and evaporated under  reduced pressure in a rotary
evaporator (digital rotary evaporator 410, Puebla, México). The
extract yields were 0.069, 0.138 and 0.572%, respectively. The
dichloromethane extract was submitted to Open Column
Chromatography (OCC) on processing on Kiesegel 60 (Merck,
Germany). This procedure was initiated with 100% n-hexane
as eluent system and polarity was gradually increased by
means of successive additions of acetone to obtain 92 aliquots
(150 mL). The fractions obtained were monitored by Thin
Layer Chromatography (TLC) (Silica gel 60 F254 Merck,
Germany),  visualized  by  Ultraviolet  light  (UV)  to  302 and
365 nm and revealed with acid reagent (Sigma Chemical Co.,
St. Louis, MO, USA). The aliquots were combined according to
characteristics observed by TLC in twenty fractions. Secondary
metabolites (antrones, anthraquinones, coumarins, alkaloids,
essential oils, pungent compounds, saponins, steroids, lignans
and catechins) were determined by qualitative phytochemical
analysis of the extracts which were carried out using standard
qualitative methods (TLC).

Antibacterial activity
Tested microrganisms: The following six strains were
obtained from the American Type Culture Collection (ATCC):
Staphylococcus aureus ATCC 29213, Enterobacter cloacae
ATCC 700323, Salmonella dublin  ATCC 9676, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and
Klebsiella pneumoniae  ATCC 700603. Plus  nine clinical
isolates  of   Methicillin    Resistant     Staphylococcus  (MRS)
were obtained  from   General   Hospital  of  Acapulco, México:
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Staphylococcus haemolitycus  (1129),  Staphylococcus   aureus 
(1058), Staphylococcus   simulans   (1050),  Staphylococcus
haemolitycus  (562),  Staphylococcus  hominis  (592),
Staphylococcus   hominis    (596),   Staphylococcus 
haemolitycus  (731),  Staphylococcus  haemolitycus  (1036)
and Staphylococcus epidermidis (1042). All strains were
incubated at 37EC in Mueller Hinton agar. The inoculum for
assay  was  prepared  by  direct colony suspension with
Mueller Hinton broth and adjusted to obtain the turbidity of
0.5 McFarland standard (1.5×108 CFU mLG1).

Minimal Inhibitory Concentration (MIC): The MIC of extracts
and fractions was performed according to that reported by
Balouiri et al.24. A  stock  solution  of extracts and fractions
were prepared in dimethyl sulfoxide  (DMSO 99.9% of purity
at  20%,  Sigma-Aldrich  grade  culture) at a concentration of
2-16 mg mLG1. In the double dilution agar method, the stock
solution was mixed with 3 mL of Mueller Hinton agar in Petri
plates, in the microtiter broth dilution method the stock
solution was mixed with 100 µL of Luria Bertani broth (LB) in
microplates (96-wells). Each dilution was inoculated with 2 µL
of diluted inoculum. The Petri plate and microplates were
incubated at 37EC for  24  h.  The  microplates  were mixed
with 200 µL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT,  Merck,   Darmstadt,   Germany), 
the plates were reincubated at 37EC for 15 min after this
incubation  if  the  well-turned  purple.  The MIC was defined
as  the   lowest   concentration   of   the   tested   substance
that inhibited the visible growth of the bacterial strains.
Ceftazidime (Glaxo, Bogota, Colombia) was used as standard
antibiotics (positive control).

Anti-inflammatory assay
Animals: Female albino ICR mice (weight 25-30 g) (Harlan,
Mexico City, Mexico) were used for this assay in accordance
with the protocol approved by the Institutional Research
Committee in compliance with the Official Mexican Regulation
dating from 1999 (NOM-062-ZOO-1999). Mice were housed
seven per cage and were maintained under standard
laboratory conditions (25EC, 12 h light/12 h dark and
water/food ad libitum). The animals were acclimatized to the
housing facilities for at 3 weeks before the experiments. All
experimental were conducted on a minimum of seven animal
and requisites of observation were employed to obtained
consistent data.

Carrageenan Footpad Edema (CFE): The procedure was
performed according to that reported by Nicasio-Torres et al.25

Acute inflammation was produced by the subplantar injection
of 20 µL of λ-carrageenan (1%) in the mouse’s right paw and
after  60    min    were     orally     (p.o)     administered     with
150 mg per kg of b.wt.,  of   dichloromethane   and   acetone
extracts  or 10 mg per kg of BW of indomethacin (99% purity;
Sigma-Aldrich),  the  control group received water/Tween-20
to 2%. Footpad volume was measured before (time = 0; initial
time) and after (1, 3 and 5 h) λ-carrageenan injection using a
digital micrometer (Mexico City, Mexico). Footpad edema in
the control and treated groups was determined with respect
to footpad volume at the time = 0. The percentage of
inhibition  was  calculated   according   the  following
expression26:

(1)Control-treatmentInhibition (%) = 100
Control



TPA-induced    mouse    ear   edema:   The   effect  produced
by extracts  of    A.    cupreata    on   the  mice   ear  edema
assay  was  performed   according   to   that   reported by
Perez-Hernandez  et  al.27.  Each  mouse  received 20 µL TPA
(12-O-Tetradecanoylphorbol-13-acetate, 2.5 µg per ear), which
was topically applied to the right ear leaving the left ear of
each mouse as control (20 µL to methanol). After 15 min of
TPA application, the treatments (dichloromethane and
acetone extracts, 2 mg per ear) and indomethacin (1 mg per
ear) were applied (10 µL in the inner ear and 10 µL in the
external ear). Five hours after the assay, the animal was
sacrificed by cervical dislocation and circular sections of the
central portion (6 mm in diameter) were taken from both ears
(treated and no-treated), which were weighed to determine
the ear edema by differences in weight. The percentage of
inhibition was calculated using the Eq. 126.

Statistical analysis: The analysis of normal distribution of the
data of footpad edema (volume and percentage of  inhibition)
and mouse ear edema (weight and percentage of inhibition)
was analyzed by one way analysis of variance (One Way
ANOVA) followed by Tukey test. Values of p<0.05 were
considered statically significant. Statistical analysis was carried
out with a STATA 11.1 program28.

RESULTS

Antibacterial    assay:    The     antibacterial     evaluation    of
A. cupeatra extracts against sensitive strains and clinical
isolates of MRS (Table 1) showed that the hexane and
dichloromethane  extract  had   antibacterial   activity  against
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Table 1: Minimal inhibitory Concentration (MIC) of extracts and fractions from Agave cupeatra
Extracts Fractions (mg mLG1) Control (+) Control (-)
-------------------------------------------- ----------------------------- ------------------------------ --------------------

Strains HE DE AE F-34 F-60 F-84 CAZ Culture medio
ATCC
S. aureus 16 16 * 8 8 * † +
E. cloacae * * * * * * † +
S. dublin * * * * * * † +
E. coli * * * * 16 * † +
P. aeruginosa 16 16 * 8 16 16 † +
K. pneumoniae * * * * * * † +
Clinical isolate MRS
S. haemolitycus 1129 16 16 * 8 16 16 0.5 +
S. aureus 1058 16 16 * 16 16 16 † +
S. simulans 1050 16 16 16 8 16 16 0.5 +
S. haemolitycus 562 16 16 * 8 16 16 † +
S. hominis 592 16 16 * 8 16 16 † +
S. hominis 596 16 16 * 16 16 16 0.5 +
S. haemolitycus 731 16 16 * 8 16 16 † +
S. haemolitycus 1036 16 16 * 8 16 * † +
S. epidermidis 1042 16 16 * 2 16 16 † +
HE: Hexane extract, DE: Dichloromethane extract, AE: Acetone extract, S. aureus: Staphylococcus  aureus  ATCC 29213, E. cloacae: Enterobacter cloacae  ATCC 700323,
S. dublin:  Salmonella dublin ATCC 9676, E.  coli: Escherichia coli  ATCC 25922, P. aeruginosa: Pseudomonas aeruginosa  ATCC 27853,  K.  pneumoniae: Klebsiella 
pneumoniae  ATCC 700603, CAZ: Ceftazidime, †MIC <0.5 mg mLG1, +Bacterial growth, *MIC>16 mg mLG1

Table 2: Inhibitory activity of dichloromethane and acetone extracts (150 mg kgG1 b.wt.) on footpad edema in mice
Paw edema formation
-------------------------------------------------------------------------------------------------------------------------------------------------------------

Time (h) Control Indomethacin DE AE
Edema (mm)
1 0.96±0.07 0.61±0.03 0.66±0.02 0.64±0.03
3 1.16±0.05 0.68±0.01 0.51±0.04* 0.59±0.02
5 1.12±0.08 0.60±0.03 0.40±0.04* 0.55±0.05
Edema inhibition (%)
1 - 41.07±2.80 31.25±1.68 34.19±3.14
2 - 41.50±1.21 56.22±3.10* 48.82±1.73
3 - 46.30±2.82 64.29±3.88* 47.82±3.09
Mean±Standard Error of Mean (SEM). ANOVA post hoc  Tukey with n = 7, *p<0.05  when are compared  with  indomethacin  group,  DE:  Dichloromethane extract,
AE: Acetone extract

Staphylococcus aureus, Pseudomonas aeruginosa and all
clinical isolates MRS at a concentration of 16 mg mLG1. The
extract of acetone displayed low activity against all strains
examined. The fraction F-34 inhibited the growth of all clinical
isolates MRS, being more active against Staphylococcus
epidermidis 1042 with a MIC of 2 mg mLG1 (Table 1).

Anti-inflammatory assay: The dichloromethane and acetone
extracts  were  analyzed  in the CFE and TPA-induced mouse
ear edema  methods. In  the   first model was observed that
after theadministration  of the proinflammatory, the maximum 
effect  in   the   formation  of  edema  was  at  3 and 5 h.
The   dichloromethane   extract   significantly   inhibited

(p<0.05) the formation of subplantar edema in 56.22 and
64.29%  at   3   and   5  h,  respectively  (Table  2)  with  a level
of  edema   of   0.51   and   0.40.   This   extract   showed  a
dose-dependent   effect  with  a  median effective dose (ED50)
of   107.55   mg   per   kg   of   b.wt.,  (Fig.  1).   Statistically  the
acetone extract presented an anti-inflammatory effect similar

Table 3: Inhibitory  activity  of  dichloromethane   and   acetone   extracts  on
TPA-induced mouse ear edema

Doses Inhibition
Treatments  (mg per ear) Edema (mg)  (%)
Control - 12.17±0.69 -
Indomethacin 1.00 8.31±0.54 37.21±3.76
DE 2.00 4.57±0.54* 62.47±4.48*
AE 2.00 7.20±0.48 40.82±3.96
Mean±Standard  Error  of  Mean  (SEM)  (n =  7).  ANOVA  post  hoc  Tukey with
n = 7, *p<0.05 when compared with indomethacin group, DE: Dichloromethane
extract, AE: Acetone extract

 to  indomethacin,   the   highest   anti-inflammatory   activity
was observed at 3 h.

In the TPA-induced mouse ear edema method, the
dichloromethane extract at a dose of 2 mg per ear inhibited
the formation of edema in 62.47% similar to that obtained in
CFE; the acetone extract at this same dose inhibits in 40.82%
similar to indomethacin (Table 3). The dichloromethane
extract  showed  a  dose-dependent  effect  with an ED50 of
1.21 mg per ear (Fig. 2).
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Fig. 1: Effects of the dichloromethane extract of A. cupreata, on CFE
The “best-fit” line shown was generated by linear regression of the data (n = 7), squares of correlation coefficient (R2) regression equations are reported. Vertical
bars represent the standard error of the means (SEM)

Fig. 2: Effects of the dichloromethane extract of A. cupreata, on auricular edema
The“best-fit”line shown was generated by linear regression of the data (n = 7), squares of correlation coefficient (R2) regression equations are reported. Vertical
bars represent the standard error of the means (SEM)

DISCUSSION

Historically, it has been recorded that agave products
possess  biological  activity.  In this study, antibacterial and
anti-inflammatory action was demonstrated in hexane,
dichloromethane and acetone extracts from A. cupreata. 

In terms of antibacterial activity was found that hexane
and  dichloromethane  extracts  have  a  MIC   8-16   mg  mLG1

against Gram positive and Gram negative species. It is
important to mention that there are no reports in which the
antibacterial activity of A. cupreata is evaluated, so it is not
possible to make comparisons for this particular species.
However, study  has  been  done  on  polar  extracts and
similar MICs were observed in this study, for example,
Ahumada-Santos et al.12 determined that the methanolic
extract  of  A.  impressa,  A.  ornithobroma,  A.  rzedowskiana,
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A.  tequilana,   A.   schidigera   and   A.   angustifolia  had MICs
5-15 mg mLG1 against ATCC strains (Escherichia coli ATCC
25922  and  Pseudomonas  aeruginosa  ATCC 27853) and
clinical  isolates  (Streptococcus  group  A-4,  Salmonella
enterica Typhi and Shigella dysenteriae). On the other hand,
Hammuel et al.18 determined the MIC of polar extracts
(aqueous and methanolic) of A. sisalana and found activity
against  Staphylococcus  aureus,  Salmonella  typhi,
Escherichia coli, Streptococcus pyogenes and Candida
albicans to be in the range of 10-20 mg mLG1.

When the dichloromethane extract was fractionated, it
was observed that the MIC of the fractions was lower in
comparison with the total extract. Especially in F-34 which was
the fraction with the best activity with MIC 2-16 mg mLG1,
being up to eight times more active against Staphylococcus
epidermidis 1042 (methicillin-resistant clinical isolates).

The wide diversity and large number of molecules that
may be contained in a whole extract raises the possibility that
the constituent molecules may react to generate effects such
as synergism or antagonism. Thus, some individual molecules
may have stronger effects than the whole extract (antagonist
within the extract) or a reduced effect (is a synergistic factor in
the extract)29.

According to the preliminary phytochemical profile
performed in this study, the presence of antrones,
anthraquinones, coumarins, alkaloids, essential oils, pungent
compounds and saponins were detected. It is probable that
the antibacterial action observed in the extracts is caused by
these metabolites. For example, the alkaloids are capable of
intercalate the DNA, resulting in the alteration of the division
and cell death, it can also reduce the motility of Escherichia
coli (UPEC) and has been shown to increase the antibiotic's
capacity to destroy the bacterial biofilm30,31, triterpenoids
inhibit efflux pumps in Enterococcus faecalis  and methicillin
resistant Staphylococcus aureus32.

On the other hand, it is known that bacterial infections
can trigger inflammatory processes as a result of some
structural components, among which are the peptidoglycans,
lipoteicoic acid and lipopolysaccharides33,34. In addition to
other components such as Staphylococcus aureus  leucotoxins
enhance the host inflammatory response and influence the
outcome of infection 35.

Results obtained by other studies using different
methodologies  showed  that the  Agave  genus  is
characterized by good anti-inflammatory activity9,36,37.  On CFE,
the methanolic extract of A. cantala  (Roxb.) and A. intermixta
Trel. leaf and capable of generating between 46.15 and 81.4%

inhibition at concentrations of 200-500 mg per kg of b.wt.36,37,
on the other hand, in the TPA-induced mouse ear edema
method  the    extracts    of    acetone    and    methanol  from
A. tequilana, A. americana, A. angustifolia and A. cantala
generate 51-81% inhibition between 3-6 mg per ear9,37.

In this study, it was observed that dichloromethane and
acetone extracts of A. cupreata leaves were able to inhibit
inflammation with similar effect. It will be interesting to
evaluate the anti-inflammatory activity of fractions and/or
pure compounds, this behavior would be similar to those
reported in other studies, in which compounds such as
saponins  and  phytosterols  were elucidated8,9, so it is
probable  that   the saponins  identified  in  the  acetone
extract in this study are responsible for exercising the action
anti-inflammatory; whereas in dichloromethane extract, the
presence of alkaloids may be those that exert the action,
because according to Beg et al.38, the alkaloids present in other
plant species exert this biological activity.

It is known that the inflammatory response promoted by
carrageenan is biphasic type, the early phase in edema
formation  occurs  within  the  first  characterized by the
release of histamine and serotonin; the second phase is
associated with the release of prostaglandins, bradykinin and
protease with a maximum effect occurring about 3 h after
carrageenan  injection23,39.  In  this  study, the dichloromethane
extract and  acetone  extract  that  are  present possess a
potent anti-inflammatory  activity,  both  in the first and
second phase.

In the case of TPA, it is able to activate protein kinase C,
which activates other enzymatic cascades in turn, leading to
release of different molecules. This stimulates vascular
permeability, vasodilation, polymorphonuclear leukocytes
migration, release of histamine and serotonin as well as
moderate synthesis of inflammatory eicosanoids by
cyclooxygenase and 5-lipoxygenase enzymes23,39;  therefore,
it is likely that the good anti-inflammatory activity of the
Agave  extracts is due to the inactivation of these enzymes or
their products. 

CONCLUSION 

In this study, the antibacterial and anti-inflammatory
activities of hexane, dichloromethane and acetone extract of
A. cupreata  was  reported  for the first time. These activities
are in agreement  with  the ethnomedical use. Futher studies
on A. cupeatra  could contribute to discover new antibacterial
and anti-inflammatory  agents.  To  continue  this study, must
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isolate compounds from dichloromethane extract and
evaluate the antibacterial and anti-inflammatory activity of the
pure compounds.
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