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Antitumour and anti-inflammatory activities in a hydroethanolic 
extract of Lindackeria paludosa, a South American shrub. 

[Actividades antitumorales e anti-inflamatorias de un extracto hidroetanólico de Lindackeria paludosa,  

un arbusto sudamericano.] 

Ana Laura FAZIO1, Diana BALLÉN2, Italo M. CESARI2, María Jesús ABAD1, Miriam ARSENAK1, Omar ESTRADA3, 
Peter TAYLOR1. 

 
1 Centro de Medicina Experimental, 2 Centro de Microbiología y Biología Celular, 3 Centro de Biofisica y Bioquimica, Instituto 

Venezolano de Investigaciones Científicas, Apartado 20632, Caracas 1020-A, Venezuela. 

Abstract 
Lindackeria paludosa  (Benth.) Gilg is a shrub found mainly in the north of South America and is known as Sarakura in Venezuela. In the light of local 

reports on the traditional use this member of the Flacourtiaceae family, we investigated the effect of a hydroethanolic extract of the bark (LP) on parameters 

of the inflammatory response (tumour necrosis factor alpha [TNF-], interleukin-6 [IL-6] and nitric oxide [NO]) and its potential antitumour activity both in 

vitro and in vivo. LP was notably cytotoxic for only one tumour cell line (A549, IC50 = 64 μg/ml), but not for the other cell types. However, LP did inhibit 

production of the inflammatory mediators, as well as the growth of primary tumours and metastases in C57BL/6 mice, but did not inhibit nuclear factor κB 

(NF-κB) activity. Thus, LP appears to inhibit tumour growth without being directly cytotoxic to tumour cells, possibly by interfering with protumour 

inflammatory processes. 

Keywords: Lindackeria paludosa; cancer; metastasis; inflammation; mouse 

Resumen 

Lindackeria paludosa  (Benth.) Gilg es un arbusto que se encuentra principalmente en el norte de Sudamérica y se conoce como Sarakura en Venezuela. 

En vista de la información local sobre el uso en la medicina tradicional de este miembro de la familia Flacourtiaceae, investigamos el efecto de un extracto 

hidroetanólico de la corteza (LP) sobre algunos parámetros de la respuesta inflamatoria (factor de necrosis tumoral alfa, interleuquina-6 y óxido nítrico) y su 

potencial actividad antitumoral tanto in vitro como in vivo. Se notó un efecto citotóxico solamente en una línea celular tumoral (A549, IC50 = 64 μg/ml), pero 

no en los otros tipos de células. Sin embargo, LP inhibió la producción de los mediadores inflamatorios, el crecimiento de tumores primarios y metástasis en 

ratones C57BL/6, pero no inhibió la actividad del factor nuclear κB. LP parece inhibir el crecimiento tumoral sin ejercer un efecto citotóxico directo, 

posiblemente a través de la inhibición de procesos inflamatorios protumorales. 

Palabras Clave: Lindackeria Paludosa; cáncer; metástasis; inflamación; ratón. 

List of Abbreviations: LP –Lindackeria Paludosa extract; TNF- - tumour necrosis factor alpha; IL-6 - interleukin-6; NO - nitric oxide; LPS- 

lipopolysaccharide; huPBMC - human peripheral blood mononuclear cells; FBS – foetal bovine serum; muSplen – non-adherent mouse spleen cells; muPM - 

murine peritoneal macrophages; DEX – dexamethasone; PAC – paclitaxel; LSEC- Liver sinusoidal endothelial cells; NF-κB – nuclear factor κB 
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INTRODUCTION 

Lindackeria paludosa  (Benth.) Gilg is a small tree or 
shrub found mainly in the northern parts of South 

America and is known as “Sarakura” in Venezuela. It 

has been identified under different names such as L.  

latifolia and L. maynensis (History) Although its main 
use is in construction, this plant has been cited for its 

medicinal use in skin diseases such as leprosy (Pupo, 

1926) and to treat malaria (Fitogenéticos). In 
Venezuela, it has been used in the Amazon region and 

the Amacuro delta as an analgesic, antidiabetic, as a 

snake bite antidote and against cancer (Pedro 
Maquirino – personal communication). Cyanogenic 

glycosides which may have anti-cancer properties 

have been isolated from another plant of the same 

genus, L. dentata (Jaroszewski et al., 2004).  
The role of chronic inflammation in tumour 

initiation and growth is well established (Coussens and 

Werb, 2002) so a dual action against both 
inflammation and cancer is not surprising. Studies 

have shown that anti-inflammatory drugs may be 

effective in cancer therapy and/or prevention (Thun et 
al., 2002), and the possible mechanisms of action of 

anti-inflammatory phytochemicals have been reviewed 

(Surh et al., 2001).  

On the basis of these leads, we investigated the 
possible anti-inflammatory and antitumour effects of a 

hydroethanolic extract of this plant. 

MATERIALS AND METHODS 

Plant material and phytochemical screening 
The bark of Lindackeria paludosa (Benth. ) Gilg  

was collected by Mr. Pedro Maquirino near San Carlos 

de Río Negro, Amazonas State, Venezuela and 

identified by Dr. Otto Huber (Universidad Central de 
Venezuela) and Dr. Ernesto Medina (Instituto 

Venezolano de Investigaciones Científicas). This 

shrub, from the Flacourtiaceae family, is widely 

distributed throughout the Amazon Basin and is also 
known in the literature as Mayna paludosa, Mayna 

laxiflora, Lindackeria latifolia, Lindackeria maynensis 

var laxiflora, Oncoba maynensis var laxiflora, 
Carpotroche laxiflora and Carpotroche paludosa. 

Aliquots were ground then macerated in a 70% ethanol 

in water solution for 21 days in the dark at room 
temperature. The suspension was then filtered under 

sterile conditions using Whatman No. 1 filter paper 

then adjusted to a stock concentration of 5 mg/ml, 

which was calculated from the dry weight of a 

lyophilized sample. This extract is here termed LP.  
In order to identify the possible classes of 

compounds present in LP, preliminary phytochemical 

analysis was carried out through the treatment of this 

extract with a mixture of acetone-methanol (8:2). Two 
fractions were obtained, an orange solution and a 

brown residue (50 mg), the acetone-methanol 

insoluble fraction (AMIF). Evaporation of the orange 
solution in vacuo yielded a red residue (200 mg), the 

acetone-methanol soluble fraction (AMSF). The 

AMSF was analyzed by thin layer chromatography on 
RP18 gel plates developed with an acetonitrile-water 

mixture (8:2). Spots were revealed with the following 

spray-reagents: the Dragendorff reagent for alkaloids, 

and a saturated 2% methanol solution of ceric sulphate 
in concentrated sulphuric acid for triterpenoids and 

flavonoids. The plates were hot air dried to visualize 

the coloured spots (Bilia et al., 1996).  

Cells and animals.  
The cell lines, B16/BL6, K1735, HT29, A549, 

WEHI 164 and LSEC were cultured in Dulbecco’s 

Modified Eagle’s Medium (DMEM) supplemented 

with 10% heat-inactivated foetal bovine serum (FBS - 
Gibco, BRL, USA), penicillin (100 Units/ml), 

streptomycin (100 μg/ml) and containing in addition 

glucose 0.45% (HT29 cells), and L- glutamine 2 mM 

(A549 cells). The origins of these cells are shown in 
Table 1. Human peripheral blood mononuclear cells 

(huPBMC) were obtained from healthy donors by 

standard Ficoll/Hypaque gradient centrifugation and 
cultured in RPMI-1640 10% FBS. Chopped spleens 

from C57BL/6 mice were ground through a wire mesh 

screen. After removal of detritus and lysis of red blood 
cells with 0.085% sodium citrate, adherent cells were 

removed by overnight incubation in plastic culture 

flasks. The non-adherent cells (muSplen) were 

harvested, counted and cultured in RPMI-1640 10% 
FBS. Murine peritoneal macrophages (muPM) were 

collected from C57BL/6 mice 4 days after a peritoneal 

injection of 2 ml of 4% thioglycollate. The cells were 
washed, seeded into culture flasks in RPMI-1640 10% 

FBS, and non-adherent cells discarded after 3 h. The 

adherent cells were then used immediately. 
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Female C57BL/6 mice (7–9 weeks old, ~20 g) were 

obtained from the Animal Facility, IVIC and fed with 
standard pellet diet and water ad libitum. All animal 

experiments were performed according to 

internationally accepted guidelines for the treatment of 

animals in research.   

Cytotoxicity.  
Cells were plated at 2.5 - 5 x 10

4
 cells / well in flat-

bottomed 96 well plates and allowed to attach for 24 h.  

Different concentrations of LP up to 300 µg/ml (final 

concentration) were then added. Control wells were set 
up containing equivalent quantities of ethanol, which 

in no case exceeded 1%. No effect was observed due 

to the ethanol. After a further 24 h, the number of 
viable cells was assessed using the MTS/PMS 

chromogenic assay (Promega Corp., USA) according 

to the manufacturer’s instructions. The IC50 (50% 
inhibitory concentration) was calculated from the data 

by linear extrapolation using an in-house programme 

in Excel (Microsoft Corporation). 

Inflammatory response in vitro.  
Peritoneal macrophages were activated with 10 

µg/ml lipopolysaccharide (LPS - E. coli serotype 

055:B5, Sigma, USA) for 24 h in the presence of LP, 

and then the concentrations of TNF-α, IL-6 and nitric 

oxide (NO) were measured in the supernatants. TNF-α 
was quantified using the WEHI 164 cell bioassay 

(Espevik and Nissen-Meyer, 1986), IL-6 with a 

commercial ELISA assay (R & D Systems Inc., MN, 
USA) and NO using the Griess reaction (Sandoval-

Chacón et al., 1998).  

Inflammatory response in vivo.  

Mice were injected intraperitoneally (i.p.) with 

different doses of LPS in 100 μl of PBS. After 1 h, 
blood was collected by heart puncture under ether 

anaesthesia. Serum was separated and assayed for the 

two cytokines and NO as described above. In order to 

evaluate the effect of LP on the inflammatory 
response, mice were injected i.p. with 50 μg LP on 3 

consecutive days prior to LPS challenge. 

Lung metastasis. 
At day 0, mice were inoculated in the lateral tail vein 

(i.v.) with 10
5   

B16/BL6 cells in 100 µl PBS. Two 
treatment protocols with LP were performed a) 

intraperitoneal (i.p.) injection of 50 μg of LP in 100 µl 

PBS / 25% ethanol on days -2, -1 and 0, and b)  i.p. 
injection of the same dose of extract 5 times per week 

starting from on day 0 up to day 21. Control animals 

received 100 μl PBS / 25% ethanol. On day 23, the 
animals were sacrificed with ether; the lungs were 

removed, placed for 5 min in 3% H2O2 in H2O and 

fixed in Bouin's solution. The purpose of the H2O2 was 

twofold: to bleach hemorrhages which could be 
mistaken for metastases, and to inflate the lungs, 

facilitating the evaluation of metastases under the 

dissecting microscope. Animals were challenged with 
LPS prior to sacrifice, in order to measure serum TNF-

α and IL-6 levels as described above. 

Primary tumours.  
Primary tumours were induced by the subcutaneous 

(s.c.) injection of 5 x 10
4 
B16/BL6 cells in 100 µl PBS 

into the hind limb. The mice were injected i.p. with 50 

μg of LP 5 times per week starting from on day 0 up to 

day 21. Tumour size was measured in two dimensions 
with a vernier gauge. Animals were challenged with 

LPS prior to sacrifice, in order to measure serum TNF-

α and IL-6 levels as described above. 

Statistical analysis.  
Each experiment was performed at least three times 

and results are expressed as the mean ± S.E.M. 

(standard error of the mean). The unpaired Student’s t 

test with the Welch correction was used to assess the 

statistical significance of the differences.  

RESULTS 

Phytochemical analysis. 
Thin layer chromatography of the AMSF fraction 

showed violet spots on the plate with the ceric sulfate–

sulphuric acid reagent indicating the presence of 
triterpenes. The absence of yellow or orange spots 

when the plates were sprayed with ceric sulfate and 

Draggendorff reagents indicated that flavonoids and 
alkaloids respectively were not present in important 

amounts in this fraction. Neither could they be 

detected by chromatography in the AMIF fraction. 

Cytotoxicity.  
LP showed no important degree of inhibition on the 

cell lines, except for A549, a human lung carcinoma 

line (Table 1). For most cell lines, including the 

B16/BL6 melanoma line used in the in vivo 

experiments, the IC50 was above the maximum 
concentration tested (300 μg/ml).  
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Table 1. Inhibitory concentration (IC50) of LP on cell lines in 
vitro. 

Cells Origin IC50 
(μg/ml) 

B16/BL6 Murine melanoma >300 

HT-29 Human colon carcinoma >300 

A549 Human lung carcinoma 64 

K1735 Amelanotic murine melanoma >300 

WEHI Murine fibrosarcoma 240 

huPBMC 
Human peripheral blood mononuclear 
cells 

261 

muSplen Non-adherent mouse splenocytes >300 

muPM Murine peritoneal macrophages 238 

LSEC Murine liver sinusoidal endothelial cells >300 

Cell viability was measured by the MTS chromogenic assay 
after 24 h incubation in the presence of LP. Results are expressed 

as the 50% inhibitory concentration (IC50). 

 

Effect of LP on the inflammatory response to LPS 
in vitro and in vivo.  

The TNF- response of mouse peritoneal 
macrophages to LPS was reduced by 50% in the 

presence of 100 μg/ml LP (Fig. 1), although this 

reduction was not significant due to variability in the 

results (P = 0.08). The IL-6 and NO responses were 
significantly reduced by 65% and 68% respectively (P 

< 0.001). This result was not due to a direct cytotoxic 

effect as no change in the viability of these activated 
cells was observed at this concentration of LP (results 

not shown).  

 

Figure 1. Inhibition by LP of the inflammatory response of 
mouse peritoneal macrophages to LPS.  

 

Cells were activated with 10 µg/ml LPS for 24 h in the presence of 
100 μg/ml LP. TNF- α, IL-6 and NO levels were then measured in 

the supernatants. (mean  S.E.M., n = 10). ** P < 0.001. 

A similar reduction in the inflammatory response 

was observed in vivo, when mice were injected i.p. 

with 50 μg LP on 3 consecutive days prior to challenge 
with different doses of LPS (Fig. 2). The TNF, IL-6 

and NO responses were reduced by 80, 30 and 67% 

respectively when the animals treated with LP were 
challenged with the highest dose of LPS. However this 

reduction was only significant in the case of NO.  
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Figure 2. Inhibition by LP of the inflammatory response to LPS  
in mice. 

 

Animals were pretreated with 50 μg/ml LP i.p. on 3 days, then 

challenged with different doses of LPS. After 1 h, blood was 

extracted and the serum assayed for TNF- α, IL-6 and NO. (mean  

S.E.M., n = 3). * P < 0.05. 

Inhibition by LP of primary tumour growth and 
metastasis in mice.  

Mice were inoculated s.c. with B16/BL6 cells and 
the effect of i.p. LP on primary tumour growth was 

measured (Fig. 3A). At all time points after the 

appearance of the tumour, there was a very significant 
inhibition of tumour growth in the animals treated with 

LP (P < 0.0001 at all time points). This effect was 

most notable at earlier times but tumours were still 

80% smaller at day 22.  
Lung metastases were evaluated in the mice after i.v. 

inoculation of B16/BL6 cells. Pretreatment with LP 

for 3 days prior to tumour inoculation reduced the 
number of lung metastases by 24% but this small 

reduction was not significant (Fig. 3B – P = 0.56). 

However, continued treatment with LP postinoculation 
very significantly reduced the number of metastases in 

lung by 42% (Fig. 3C).  

Figure 3. Effect of LP treatment on primary tumour growth and 
metastasis in mice.  

 
A. C57Bl/6 mice were inoculated s.c. with B16/BL6 tumour cells 
to initiate a primary tumour and injected i.p. 5 times a week up to 
day 21 with 50 μg LP.  
B. Mice were inoculated i.v. with B16/BL6 cells. Treatment with 
LP consisted of 50 μg i.p. on the 3 days prior to inoculation. Lung 
metastases were counted on day 22.  
C. Mice were inoculated i.v. with tumour cells, as in B., then 

injected i.p. 5 times a week up to day 21 with 50 μg LP. (mean  
S.E.M., n = 10). *** P < 0.001. 

Effect of LP on the inflammatory response to LPS 
in tumour-bearing animals.  

The results of Fig. 2 showed anti-inflammatory 
activity of LP in vivo. Although it is known there may 

be a general activation of the inflammatory response in 

tumour-bearing animals, the basal levels of serum 

TNF- and IL-6 are very low in this tumour model. 
Thus in order to assess the effect of LP on the serum 

TNF- and IL-6 levels in animals with either primary 
tumours or metastases, we evaluated the effect of LP 

on the inflammatory response to a low dose of LPS (3 

μg / animal) in these animals, prior to sacrifice. Figure 
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4 shows that both the TNF- and IL-6 responses to 
low dose LPS was much greater in animals with 

primary tumours than in animals without tumours 

(compare with Fig. 2). In contrast, very little priming 
of the inflammatory response to low dose LPS was 

observed in the animals with metastasis. The TNF- 
and IL-6 responses in animals with primary tumours 

were greatly inhibited by LP treatment, (93 and 91% 

respectively). Although TNF- levels were generally 
lower in the animals with metastasis, a significant 
inhibitory effect (81%) was observed after LP 

treatment. The very low levels of IL-6 in the untreated 

animals (6519 ng/ml) were further reduced by UT 

treatment (479 ng/ml). 
 
Figure 4. Effect of LP on the inflammatory response to LPS in 

tumour-bearing mice. 

 

C57Bl/6 mice were inoculated s.c. or i.v. with B16/BL6 tumour 

cells to produce primary tumours or metastases, respectively, then 
injected i.p. 5 times a week up to day 21 with 50 μg LP 
(corresponding to Fig 4A and 4C). One h before sacrifice, the 
animals were challenged with 3 μg LPS.  Blood was extracted and 

the serum assayed for TNF- α and IL-6. (mean  S.E.M., n = 10). 

** P < 0.01, ***  P < 0.001, 

Effect of LP on the NF-κB response to activation by 
TNF-α in HeLa cells.  

The effect of LP on the NF-κB response of HeLa 

cells to TNF-α was determined in a luciferase reporter 
assay. LP showed no inhibitory effect on NF-κB under 

a variety of different conditions (TNF- α 

concentration, LP concentration, incubation time).  

DISCUSSION 

Cancer is a not one single pathology but rather a 
group of diseases linked by the common denominator 

of uncontrolled growth. As it may manifest itself in 

multiple ways, from systemic leukaemia to a localized 

skin lesion, these manifestations may not be 
recognized to be a cancer as such (Micozzi, 2006). 

This has complicated the search for new anticancer 

drugs based on traditional medicine. Thus, the finding 
of antitumour activity in plants has often come as a 

result of their known effect on related processes such 

as inflammation (Calixto et al., 2004; Middleton Jr et 
al., 2000). In the case of L. paludosa, its use against 

snake bites, leprosy and malaria (Willcox et al., 2004), 

which all include inflammatory components led us to 

consider it a suitable candidate for these experiments. 
We did not find LP to exert an important direct 

inhibitory on tumour cells in vitro. The MTS assay, 

although commonly called a cytotoxicity assay, in fact 
does not distinguish cytotoxicity from growth 

inhibition. Preliminary experiments using the more 

discerning Sulphorhodamine B assay, indicated that 
LP is, at best, cytostatic but not cytotoxic (results not 

shown). Considering these results and the dose of LP 

used in the in vivo experiments, it is difficult to 

conclude that the inhibitory effect seen with the 
primary tumours and metastasis was due to a direct 

effect on tumour cell proliferation or viability. 

Although findings of cytotoxicity of plant extracts at 
relatively high concentrations may perhaps lead one to 

speculate on a possible direct antitumour effect in vivo, 

extreme caution must be taken when extrapolating in 

this way (Gertsch, 2009). Indeed there is much interest 
in identifying new drugs to be used in cancer therapy 

do not act directly on the tumour cell (Aggarwal et al., 

2009; Hemalswarya and Doble, 2006; Liekens et al., 
2001).  We have found other plant extracts to be 

effective in vivo against tumours but less so against 

tumour cells in vitro (Fazio et al., 2008; Taylor et al., 
2006). However, we cannot discount the possibility 

that the cytotoxic component in LP is a “prodrug” 

which is activated by the mouse’s metabolism.  

However, our findings on the inhibition of TNF- α, 
IL-6 and NO suggest that LP may inhibit tumour 

growth and metastasis through an inflammation-

related mechanism. In a previous study, we showed 
that blocking TNF-α with a TNF receptor construct 

decreased lung metastases in tumour-inoculated mice 

(Cubillos et al., 1997).  
NF-κB, a common factor in tumour growth and 

inflammatory processes, has been proposed as a 
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possible target for plant-derived inhibitors (Bremner 

and Heinrich, 2002) and many anti-inflammatory 
agents, including terpenes which were detected in this 

plant extract,  appear to modulate it. However, LP did 

not inhibit NF-κB under the conditions of the 

experiments performed here. On the other hand, there 
are other inflammation-related processes which may 

be investigated to explain the antitumour activity of 

this plant extract (Calixto, Campos et al., 2004). 
It must be kept in mind that the compounds with 

anti-cancer properties in this extract are at least 

partially water-soluble as all the experiments are 
conducted in aqueous medium. The triterpenoids 

detected in the extract might be present in glycosidic 

forms, allowing solubility in both polar and nonpolar 

solvents. On the other hand, it should be considered 
that other classes of compounds, i.e. tannins, 

carbohydrates and their derivatives polar substance 

can be responsible for biological activity assayed in 
this work. Further purification and evaluations in 

biological systems need to be carried out in order to 

determine the components and their precise 
mechanism of action. 

CONCLUSIONS 

An anti-tumour effect of a crude extract of 

Lindackeria paludosa has been described for the first 
time. This extract appears to inhibit tumour growth 

without being directly cytotoxic to tumour cells, 

possibly by interfering with protumour inflammatory 
processes. 
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