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Introduction
Inflammation can occur when viruses or infectious microorganisms 

such as bacteria and fungi, invade the body, also in response to 
tissue injuries, cell death, cancer, ischemia, and degeneration. Innate 
immune and adaptive immune responses are involved in the formation 
of inflammation. Both are defense mechanisms against invasive 
pathogens and cancerous cells.1,2

The use of plants, their parts and extracts as anti-inflammatory 
is widespread in several geographical areas. In the east of Cuba the 
rhizomes of A. vesicaria (yuca hiedra) are used to treat inflammatory 
conditions caused by blows, fractures, wounds and other painful 
traumas.3 No reports of the anti-inflammatory activity of this species 
have been published so far. Recent studies show that A. vesicaria 
contains sterols, phenols, flavonoids, coumarins, alkaloids, triterpenes, 
mucilages and saponins.4 Some of these metabolites could be related 
with the anti-inflammatory activity ascribable to this plant. The aim 
of this study was to determine the in vitro anti-inflammatory activity 
of the aqueous, ethanolic and ethereal extracts of the leaves, rhizomes 
and stems of A. vesicaria.

Materials and methods
Plant material

The plant A. vesicaria was collected in the neighborhood Gutiérrez, 
in Manzanillo municipality, Granma Province, Cuba and authenticated 
in the herbarium of Botanical Garden Cupainicú located in Guisa 
municipality. The leaves, rhizomes and stems of the plant were dried 
at ambient temperature under shade for 7 days and the drying process 
was continued in a drying chamber under air recirculation at 38°C. 
The dried material was ground till a fine degree (particle diameter 
<1.0mm) using a laboratory scale mill.

Extraction

The powdered plant materials (rhizomes, leaves and stems) were 
extracted separately with diethyl ether, 70% ethanol and distilled 
water using an ultrasonic bath at 20kHz and 25°C for 2 hours. The 
extracts were concentrated until dryness under reduced pressure using 
a rotary evaporator at 40°C and stored in fridge at 4°C for future 
use. All the reagents and solvents used were of analytical grade and 
proceeded from Merck.

In vitro anti-inflammatory activity

The anti-inflammatory activity of the extracts was determined 
using human red blood cell (HRBC) - membrane stabilization assay 
developed by Shinde et al.5 and modified by Sikder et al.6 Venous 
human blood was collected from a normal female adult who had not 
consumed anti-inflammatory or contraceptive medicaments during 
two weeks before taking the sample. The blood was mixed with equal 
volume of Alsever’s solution (2% dextrose, 0.8% sodium citrate, 
0.05% citric acid and 0.42% sodium chloride in water). The resulting 
mixture was centrifuged at 3000rpm for 10min; the supernatant was 
removed and the packed cells washed 3 times with isosaline solution 
(0.9%, pH 7.2). The assay mixture was prepared by mixing 1mL 
phosphate buffer (pH 7.4), 2mL hyposaline solution (0.36%) and 
0.5mL HRBC suspension (10% v/v) with 1 mL of each plant extracts 
of various concentrations (125, 250 and 500μg/mL) or standard 
drug diclofenac sodium (125, 250 and 500μg/mL), respectively. A 
reaction mixture with distilled water instead of plant sample was 
used as control and phosphate buffer as blank. The mixtures were 
incubated at 37°C for 30 minutes and then centrifuged at 3000rpm. 
The hemoglobin content in the supernatant solution was estimated 
spectrophotometrically at 560nm. 12 treatments with three replicates 
were applied. The percentage of hemolysis produced in the presence 
of distilled water was considered as 100%. The percentage of HRBC 
membrane stabilization was calculated using the formula:
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Abstract

Anredera vesicaria has been used traditionally in the eastern region of Cuba to treat 
various inflammatory conditions. No reports of the anti-inflammatory activity of this 
species have been published so far. The aim of this study was to determine the in 
vitro anti-inflammatory activity of the aqueous, ethanolic and ethereal extracts of the 
leaves, stems and rhizomes of the A. vesicaria. Serial dissolutions were prepared at 
125, 250 and 500μg/mL from each dry extract of the plant parts, which were subjected 
to determinations of the anti-inflammatory activity in vitro by Human Red Blood Cell 
(HRBC) membrane stabilization method, using diclofenac sodium as a reference drug. 
All extracts were able to stabilize the erythrocyte membrane in hypotonic solution and 
exhibited major activity than diclofenac sodium at different doses. The stems extracts 
showed the highest activity, which suggest a major concentration of compounds with 
potential anti-inflammatory activity.
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Statistical analysis

The results were processed using the statistical package 
Statgraphics Centurion XV. A factorial design was used, where 
the effects of the ith-levels of several quantitative factors and their 
interactions on the interest responses were studied. The variables 
representing the evaluated factors were: extracts (τ), doses (β) and 
plant parts (γ); while the other parameters of the model characterized 
the effect of the interactions between both factors.
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The levels of the factors were defined as follows: 3 types of extracts 
(water, ethanol and diethyl ether), 3 levels of doses (125, 250 and 
500μg/mL) and 3 plant parts (leaves-, stems- and rhizomes-extracts) 
together with diclofenac sodium. Statistical analysis was performed 
using an analysis of variance (ANOVA). The F-test value was 

calculated and a p value <0.05 was considered statistically significant.

Results and discussion
During inflammation the lysosomal enzymes are released and 

several typical alterations may occur.7 Stabilization of the lysosomal 
membrane prevents chemical mediators and lysosomal components 
of activated neutrophils from releasing, which limits inflammatory 
process.8 This is the mechanism of action of many anti-inflammatory 
agents.9,10 The erythrocyte and lysosome membranes are rather similar, 
so that the erythrocyte membrane stabilization could be extrapolated 
to the stabilization of lysosomal membrane. 

We have evaluated the effect of aqueous, ethanolic and ethereal 
extracts obtained from different plant organs of A. vesicaria on 
stabilization of HRBC membrane. It was found that all extracts at 
different concentrations have the ability to stabilize the RBC membrane 
in hypotonic solution and to inhibit the hemolysis. Aqueous extracts 
of leaves and stems showed the highest percentage of inhibition at 
500μg/mL with 75.52% and 77.34%, respectively, without significant 
difference between them. The activity of aqueous extract prepared 
from rhizomes at 500μg/mL was significantly lower. Nevertheless all 
aqueous extracts exhibited higher activity than standard diclofenac 
sodium. This difference was more pronounced for stem extract at 
125μg/mL (Table 1). 

Table 1 Anti-inflammatory activity of aqueous, ethanolic and ethereal extracts of A. vesicaria

Plant parts Extracts
% Stabilization on HRBC membrane ( X DS± )

125μg/mL 250μg/mL 500μg/mL

Leaves

Aq 19.53±1.28 61.72±1.69 75.52±2.42

EtOH 19.69±3.91 52.49±0.37 70.34±3.17

Et2O 42.45±3.15 59.11±1.47 69.53±3.55

Stem

Aq 55.99±0.97 69.01±0.97 77.34±0.64

EtOH 51.97±1.29 59.58±1.34 74.28±3.17

Et2O 53.65±0.97 66.15±5.35 82.03±2.21

Rhizomes

Aq 21.88±1.28 52.60±5.40 70.57±3.63

EtOH 19.85±5.34 56.23±3.76 70.23±3.82

Et2O 50.00±2.92 67.97±0.78 67.45±4.30

Control (Diclofenac sodium) 22.40±0.97 33.07±5.72 51.56±3.88

Abbreviations Aq, aqueous; EtOH, ethanolic; Et2O, ethereal

A similar effect was observed for the ethanolic extracts; all of them 
showed major activity than standard diclofenac sodium at 250 and 
500μg/mL. At 125μg/mL only the stem extract exhibited a remarkable 
inhibition of the RBC membrane hemolysis (Table 1). The maximum 
percentage stabilization among all extracts was observed for the 
stem ethereal extract (82.03%) at 500μg/mL (Table 1). These results 
are comparable with the anti-inflammatory activity found in other 
plants of the same genus.11 The membrane stabilizer effect could be 
attributed to the presence of oleanolic acid,4 a triterpenoid with proved 
wound-healing12 and anti-inflammatory properties.13–15

The quantitative factors studied and their interactions on the 
interest responses were also studied (Figure 1). When the doses 
increased, the percentage of stabilization also increased. The highest 
percentage of stabilization of HRBC membrane was obtained at 
500μg/mL. Interestingly the ethereal extracts at 125μg/mL showed a 

notable anti-inflammatory activity that was statistically significant in 
comparison with the aqueous and ethanolic extracts (Figure 1A). The 
extracts prepared from all plant parts have shown higher percentages 
of stabilization than diclofenac sodium and those obtained from stem 
in water and diethyl ether exhibited statistically greater activities 
(Figure 1B). When we compared the percentages of stabilization of 
all plant extracts and diclofenac sodium at 125, 250 and 500μg/mL, 
we found that stem extracts showed statistically significant higher 
anti-inflammatory activity (Figure 1C). Although the rhizomes are 
the most widespread used plant part,3 the stems of A. vesicaria show 
higher activity, which suggest a major concentration of compounds 
with potential anti-inflammatory activity.

The analysis of variance (ANOVA) was conducted to study the 
significance of the 3 factors (extracts, doses and plant parts/diclofenac 
sodium) over the variable responses for the experimental data 
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obtained. The results obtained for various treatment combinations 
using ANOVA are summarized in Table 2. Significant differences 
among all the factors and significant interactions among the evaluated 
levels were detected. These results show the influence of the 3 factors 
on the stabilization of HRBC membrane.

Table 2 Analysis of variance (ANOVA)

Source Sum of 
squares Df Mean square F-ratio P-value

Main effects
A:Extract 798,344 2 399,172 14,46 0,0000*
B:Dose 21078,6 2 10539,3 381,87 0,0000*
C:Product 11628,9 3 3876,29 140,45 0,0000*
Interactions
AB 698,964 4 174,741 6,33 0,0002*
AC 861,305 6 143,551 5,20 0,0001*
BC 1987,81 6 331,301 12,00 0,0000*
Residual 2318,34 84 27,5993

Total 
(Corrected)

39372,2 107

*p-value<0.05 was considered as statistically significant

Figure 1 Statistically significant interactions between the plant parts, doses 
and extracts with the percentage of membrane stabilization: 1A) extracts vs. 
doses; 1B) extracts vs. plant parts; 1C) doses vs. plant parts/diclofenac sodium.

Conclusion 

This work represents the first report of the anti-inflammatory 
activity of A. vesicaria by HRBC membrane stabilization method. All 
evaluated extracts exhibit major activity than diclofenac sodium at 
different doses. The stems extracts showed the highest activity, which 
suggest a major concentration of compounds with potential anti-
inflammatory activity.
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