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Abstract

In Brazil leaf infusions of the plant Pterocaulon polystachyum DC (Asteraceae) are used to treat digestive problems.
We used plants from six P. polystachyum populations to prepare fresh aqueous leaf infusions at the concentration nor-
mally used in Brazil (2.5 g L-1) and at twice (5 g L-1) and four times (10 g L-1) this concentration. We rooted onion bulbs in
a water control or one of the infusions for 24 h and used the in vivo onion (Allium cepa) root-tip cell test to investigate the
potential mutagenicity of the infusions by calculating the mitotic index for the control and the experimental treatments
and comparing them using the Chi-squared test (�2, p = 0.05). There was a highly significant decrease in the mitotic in-
dex of root-tip cells treated with infusion as compared to those exposed to water only. These results indicate that P.
polystachyum infusions present cytotoxic and anti-proliferative activity and therefore have therapeutic potential.
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Introduction

Medicinal plants are used in both the pharmaceutical

industry and as alternative non-prescription medicines, al-

though systematic investigations of the therapeutic poten-

tial of such species are often lacking. Plant biodiversity is

extensive but only 15% to 17% of known plant species have

been systematically studied for their medicinal properties

(Simões et al., 2001).

In developing and non-industrialized countries, in-

cluding Brazil, plant infusions are commonly used to treat a

wide range of diseases (Teixeira et al., 2003). However, it

has also been pointed out that while some medicinal plants

may suppress the effects of mutagens others may contain

toxic substances or provoke mutagenic effects (Vicentini et

al., 2001) so mutagenicity testing is required before the use

of a specific medicinal plant can be endorsed.

Brazil has one of the highest levels of biodiversity

and potential genetic resources in terms of medicinal plants

which can serve as primary sources for the manufacture of

synthetic pharmaceuticals. One of the many plants used as

popular non-prescription medicines In Brazil is

Pterocaulon polystachyum (‘quitoco’ in Portuguese),

which is found in southern Brazil, Paraguay, northeastern

Argentina and Uruguay (Burkart, 1974) and is widely dis-

tributed in the southern Brazilian state of Rio Grande do Sul

where infusions of its leaves are used in the treatment of

various digestive disorders (Lopes, 1995), for the direct ap-

plication to injuries and to repel insects (Zardini, 1983).

The effects of mutagens on eukaryotic nuclei can be

assessed cytologically by observing inhibition of cell

growth or division, interruption of metaphase or the induc-

tion of numerical and structural chromosomal aberrations

and changes among sister and other chromatids (Vieira and

Vicentini, 1997).

Cytotoxicity and environmental pollution (El-

Shahaby et al., 2003) have been assessed by the in vivo on-

ion (Allium cepa) root-tip cell test, which is known to give

similar results to in vitro animal cytotoxicity tests (Teixeira

et al., 2003; Vicentini et al., 2001, Chauhan et al., 1999).

Onion root-tip cytotoxicity tests are based on the analysis

of various parameters including atypical nucleolus patterns

(e.g. heteromorphic pairing of nucleoli) and the appearance

of micronuclei as a consequence of disordered mitosis and

chromosomal breakdown (Grover and Kaur, 1999).

It is known (Vera, 2001) that P. polystachyum leaves

contain compounds such as coumarin with known cyto-

toxic activity (Mongelli et al., 2000; Riveiro et al., 2004).

The aim of our study was to use the in vivo onion (Allium

cepa) root-tip cell test to investigate the cytotoxic and

mutagenic potential of leaf infusions prepared from various

P. polystachyum populations.
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Material and Methods

Plant material

The experiments were conducted at the Plant Cytoge-

netics Laboratory of the Federal University of Santa Maria

(Universidade Federal de Santa Maria, UFSM), Rio Gran-

de do Sul (RS) state, Brazil. We collected plants from dif-

ferent Pterocaulon polystachyum (Asteraceae) populations

from six sites (populations P1 to P6) in Rio Grande do Sul:

Boca do Monte, Santa Maria (P1); Paraíso do Sul, Santa

Maria (P2); São Sepé road BR 392 (P3);São Pedro road in-

tersection (P4); São Sepé (P5) Camobi road BR287, Santa

Maria (P6). Voucher samples from each population were

deposited in the UFSM herbarium.

Infusion preparation and onion root-tip cell test.

Fresh young leaves from the branches of P.

polystachyum grown in your natural habitat were placed in

boiling water for five minutes and the extracts filtered

through filter-paper and cooled to room temperature. The

infusions were prepared at the concentration normally used

in Brazil (2.5 g L-1) and at twice (5 g L-1) and four times

(10 g L-1) this concentration.

For the onion root-tip cell test we used 18 Allium cepa

bulbs divided into three groups (one for each infusion con-

centration) of six onion bulbs for each P. polystachyum

population. For each infusion, all bulbs were rooted in wa-

ter for three days after which four bulbs were placed in the

infusion for 24 h, the remaining two bulbs being left in the

water where they had rooted for a further 24 h to act as con-

trols which had received no infusion. After 24 h the root-

tips, measuring from five to ten millimeters, from both the

control and experimental bulbs were collected and fixed in

3:1 (v:v) ethanol-acetic acid for 24 h before being placed in

70% (v/v) aqueous ethanol and refrigerated until needed.

An average of five slides was made for each bulb using five

root-tips which were hydrolyzed in 1N hydrochloric acid

for five minutes and washed in distilled water, the frag-

mented meristematic region being stained with 2% (w/v)

acetic orcein. Five fields were assessed for each slide and

the number of interphase, prophase, metaphase, anaphase

and telophase cells recorded using bright-field optical mi-

croscope with a 40X objective. For each P. polystachyum

population we assessed 6000 cells for each treatment and

for the controls and the mean values for the different cell-

cycle phases and the mitotic index (MI) was calculated.

Statistical analysis was performed using the Chi-squared

(�2) test at p = 0.05.

Results

The number of interphase, prophase, metaphase,

anaphase and telophase cells are shown in Table 1. For the

10 g L-1 infusion made from P. polystachyum population 1

leaves the number of anaphase cells was low and there

were no prophase and metaphase or telophase cells, while

for the 10 g L-1 population 2 infusion there were no telo-

phase cells.

Table 2 shows the number of interphase and dividing

cells along with the mean mitotic index (MI). For popula-

tion 1 infusions the control mitotic index (7.5%) was signif-

icantly higher than for any of the extracts and these also

differed significantly from each other with the lowest mi-

totic index being 0.03% for the 10 g L-1 infusion, similar re-

sults also occurring with population 2. For population 3

infusions and the control the mitotic index ranged from 7%
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Table 1 - Number of onion root-tip cells in different phases of the cell

cycle. The onions were placed for 24 h in water (control) or aqueous

infusions of 2.5, 5 or 10 g per litre of fresh leaves from six different

Pterocaulon polystachyum populations.

Pop Number of cells in different phases of the cell cycle

Interphase Prophase Metaphase Anaphase Telophase

Population 1

Control 5549 125 81 127 118

2.5 5725 72 52 61 90

5 5952 18 8 10 12

10 5998 0 0 2 0

Population 2

Control 5361 1.004 416 581 588

2.5 5592 178 78 75 77

5 5844 52 24 43 37

10 5978 11 7 4 0

Population 3

Control 5580 161 78 60 121

2.5 5690 199 68 87 97

5 5590 206 56 59 89

10 5549 129 50 42 89

Population 4

Control 5663 80 90 57 110

2.5 5714 107 40 27 61

5 5680 128 66 32 94

10 5765 118 48 26 94

Population 5

Control 5546 110 116 75 153

2.5 5829 84 53 44 91

5 5695 113 63 43 86

10 5728 52 42 34 43

Population 6

Control 5602 150 68 72 102

2.5 5813 100 70 42 79

5 5839 35 49 21 56

10 5709 34 50 34 69

Pop: Pterocaulon polystachyum population and grams of leaves per litre

of infusion.



to about 5% and decreased as the concentration of the infu-

sion increased, but in this case there was no significant dif-

ference between the control and the 2.5 g L-1 infusion

(�2 = 1.19, � = 0.05) and between the 2.5 g L-1 and 5 g L-1

infusions (�2 = 2.1, � = 0.05). The mitotic index for the

population 4 infusions and the control ranged from 5.6% to

4% but there was no apparent relationship between mitotic

index and infusion concentration, although there was a sig-

nificant difference between the control group and the

10 g L-1 infusion for which the mitotic index was about 4%

(�2 = 19.1, � = 0.05). For this population, as with popula-

tion 3, the mitotic indices for the 2.5 g L-1 and 5 g L-1 infu-

sions did not differ (�2 = 2.0, � = 0.05). For population P5

infusions and control the mitotic index ranged from 7.5% to

2.8% and the mitotic index for the control group differed

significantly from that of all the treatments, but again the

2.5 g L-1 and 5 g L-1 infusions did not differ between them-

selves (�2 = 1.97, � = 0.05). The mitotic index of popula-

tion 6 infusions and control ranged from 6.6% to 2.6%,

with the mitotic index values for the control group being

significantly different from those for all the infusions, al-

though in this case there was no significant difference be-

tween the values for the 10 g L-1 and 5 g L-1 infusions

(�2 = 2.0, � = 0.05).

Discussion

Our results show that the higher the 10 g L-1 P.

polystachyum infusions produced the greatest inhibition of

onion root-tip cell division (Table 1) and decreased mitotic

index (Table 2) but there was no statistically significant

intra or interpopulational variability for the P.

polystachyum populations from different sites in regard to

their cytotoxic effects.

Decreased mitotic index caused by P. polystachyum

infusions have previously been reported by Mongelli et al.

(1999) who studied Argentinean populations of this plant

which have been used to treat cancers, these authors having

demonstrated that P. polystachyum contains compounds

which interact with the DNA. Our results regarding the

cytotoxic activity of P. polystachyum support the work of

Mongelli et al. (1999) and Riveiro et al. (2004) who have

attributed these effects to the presence of coumarins.

Camparoto et al. (2002) have shown that Maytenus

ilicifolia and Bauhinia candicans can cause decreased cell

division in both onion root-tip and rat bone-marrow cells

and decreased mitotic index in onion root-tip cells.

Riveiro et al. (2004) have reported that P.

polystachyum extracts have antiproliferative and differen-

tial activities on human leukemic cells, indicating that such

extracts may have therapeutic potential in the treatment of

leukemia.

Our results not only support the antiproliferative and

cytotoxic activity of P. polystachyum infusions but also

show that at the concentrations studied there were no muta-

genic effects on in vivo onion root-tip cells as witnessed by

the fact that despite the large number of cells assessed there

were no visible chromosome aberrations in either the

treated or control cells.

Taken together our results indicate that not only is the

onion root-tip test useful in assessing infusions prepared

from different P. polystachyum populations but that such

Effects of Pterocaulon polystachyum DC. infusions 541

Table 2 - Number of interphase and dividing cells and the mitotic index of

onion root-tip cells. The onions were placed for 24h in water (control) or

aqueous infusions of 2.5, 5 or 10 g per litre of fresh leaves from six

different Pterocaulon polystachyum populations. The total number of

cells analyzed for each treatment was 6000.

Pop Number of cells

Interphase

cells

Dividing

cells

Mitotic index

(%)

Population 1

Control 5549 451 7.5a

2.5 5725 275 5.05b

5 5952 48 0.8c

10 5998 2 0.03d

Population 2

Control 5361 639 10.64a

2.5 5592 408 6.8b

5 5844 156 2.6c

10 5978 22 0.4d

Population 3

Control 5580 420 7a

2.5 5549 451 7.5a

5 5590 410 6.8a

10 5690 310 5.16b

Population 4

Control 5663 337 5.6a

2.5 5714 286 4.7ab

5 5680 320 5.3a

10 5765 235 4b

Population 5

Control 5546 454 7.5a

2.5 5728 272 4.5b

5 5695 305 5b

10 5829 171 2.8bc

Population 6

Control 5602 392 6.6a

2.5 5709 291 4.8b

5 5839 161 2.6c

10 5813 187 3.1c

Pop: Pterocaulon polystachyum population and grams of leaves per litre

of infusion.

Means followed by the same letter do not differ significantly by the

chi-square test at p = 05.



infusions have cytotoxic and anti activities and may have

potential for the therapeutic inhibition of the cell cycle in

eukaryotic organisms, although further studies will be nec-

essary to establish its use as an antimutagenic agent for use

in the treatment of humans with proliferative diseases.
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