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ABSTRACT

The genus Sanguisorba L. (Rosaceae) includes perennials that are distributed throughout the northern hemisphere. Some spe-
cies of this genus are known by their medicinal interest. In the present work the pharmacognostic characterization and the
potential antimicrobial activity of several extracts of Sanguisorba hybrida, endemic in Portugal, were evaluated. The leaves of
the plant have been observed under microscopy techniques, tector and secretor multicellular trichomes were seen on both leaf
surfaces. With histochemical tests the in situ localization of compounds was recognized and the most relevant were mucilages,
phenols and terpenoids. Powdered plant material was extracted with n-hexane, dichloromethane, ethyl acetate, methanol and
water. Their phytochemical survey, through TLC on silica gel plates and the proper reagents, was performed and the previous
results with histochemical tests were confirmed. All extracts were tested against reference and multiresistant bacterial strains:
Gram-positive (Enteroccocus faecalis, Staphylococcus aureus, Staphylococcus epidermidis and Mycobacterium smegmatis); Gram-ne-
gative (Pseudomonas aeruginosa, Salmonella typhimurium, and Klebsiella pneumoniae) and the yeast Candida albicans. The mini-
mum inhibitory concentrations (MIC) were determined by the serial broth micro dilution method. Appropriated antibiotics
were used as controls. The methanol and water extracts showed better antimicrobial activity than n-hexane, dichloromethane,
ethyl acetate extracts. Gram-positive bacteria were the most sensitive and the MIC values of 3.50-1.75 pg/mL were obtained
using those polar extracts against Staphylococcus aureus, including strains resistant to meticillin (MRSA).
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RESUMO

O género Sanguisorba L. (Rosaceae) engloba plantas perenes distribuidas por todo o hemisfério norte, sendo algumas espécies
conhecidas como medicinais. Neste trabalho realizou-se o estudo farmacognostico e avaliou-se a atividade antimicrobioldgica
de varios extratos de uma espécie deste género, endémica de Portugal, Sanguisorba hybrida. Recorrendo a diferentes técnicas
de microscopia observou-se, nas duas epidermes foliares, tricomas multicelulares de dois tipos, tectores e secretores. Com
diferentes testes histoquimicos procedeu-se a localizagao in situ dos principais grupos de compostos. Os mais representati-
vos foram mucilagens, fendis e terpendides. No estudo fitoquimico o material vegetal pulverizado foi extraido sequencial-
mente com solventes de polaridades crescentes: n-hexano (1-hex), diclorometano (CH,Cl,), acetato de etilo (AcOEt), metanol
(MeOH) e agua (HxO). Foi determinado o respetivo perfil fitoquimico através de cromatografia em placas de silica. Todos os
extratos foram posteriormente testados contra estirpes de bactérias sensiveis e multirresistentes Gram-positivas (Enteroccocus
faecalis, Staphylococcus aureus, Staphylococcus epidermidis and Mycobacterium smegmatis), Gram-negativas (Pseudomonas aerugino-
sa, Salmonella typhimurium e Klebsiella pneumoniae) euma levedura, a Candida albicans. A concentracao minima inibitéria (MCI)
foi determinada pelo método de dilui¢do em meio liquido. Foram usados antibioticos e antifingicos como controlos. Os ex-
tratos polares, metandlico e aquoso, apresentaram atividade antimicrobiana superior a dos restantes extratos, menos polares.
As bactérias Gram-positivas, Staphylococcus aureus, incluindo as estirpes resistentes a meticilina (MRSA) ensaiadas, foram as
mais sensiveis aos referidos extratos (MCI 3,50-1,75 ug/mL).
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Introduction

Plants are major sources of bioactive molecules, other
health formulations and supplements used in the tre-
atment and prevention of diseases. Currently it appe-
ars that infectious diseases are a serious problem due
to the rapid emergence of new infections and to the
growing drug-resistance to the antibiotics commonly
used in therapy and therefore there is a great need
to find new and more efficient antimicrobial agents
(Sanchez-Medina et al., 2001; Weckesser et al., 2007).
The genus Sanguisorba L. belongs to the Rosaceae
family and to the Rosoideae subfamily. It includes
perennials that are distributed throughout the Medi-
terranean basin. Among their species we can highli-
ght Sanguisorba officinallis L. and Sanguisorba minor
Scop. with medicinal interest documented: hypogly-
cemic and hemostatic properties (Reher et al., 1991;
Goun, 2002), antipyretic (Camejo-Rodrigues et al.,
2003), antimicrobial (Sardari et al., 1998, Kokoska,
2002) and antiviral activities (Kim, 2001; Abad et al.,
2000; Bedoya et al., 2001), hypoallergenic (Park, 2004),
and the effectiveness in the treatment of gastric ulcers
in mice (Gurbuz et al., 2005).

Sanguisorba hybrida (L.) Nordborg is an endemic plant
species in Portugal, distributed mainly in the South
Central region (Navarro and Garmendia, 1998), com-
mon known as agriménia-bastarda, agriménia-brava
and pimpinela-hibrida. The specific epithet hybrida is
allegedly the fact that this species is morphologically
between S. officinalis and S. minor. To the best of our
knowledge no studies about the micromorphology,
the phytochemistry and the antimicrobial activity of
S. hybrida have yet been reported.

The main goal of this study was to achieve the phar-
macognostic characterization of S. hybrida leaves, in-
cluding their micromorphological description, their
preliminary phytochemical study and evaluation of
the potential of n-hexane, dichloromethane, ethyl
acetate, methanol and water extracts against human
pathogens.

Materials and Methods

Plant material

Small branches of S. hybrida were collected in SW
Portugal (382 8 N - 82 33" W), during June and July
of 2009 and 2010. Plant material was identified at the
Lisbon Botanical Garden Herbarium (LISU 221369).

Light microscopy
Samples of fresh and fixed material were used. Fixa-
tion followed the usual procedures in a 2.5% gluta-

raldehyde solution (Hayat, 1981). Observations were
made on a stereomicroscope Nikon SMZ-2T and on
a microscope Nikon Labophot 2. Several histoche-
mical tests to detect the main chemical groups were
made, according to previous works (Rodrigues et
al., 2013; Rodrigues et al., 2008; Teixeira et al., 2013).
Autofluorescence and induced fluorescence with
fluorochromes for flavonoid detection (Charriere-
-Ladreix, 1973) were done on a microscope Olym-
pus BX51 epifluorescence, equipped with a camera
model DP50 and the software Studio Lite, 1.0.124
and results were semi-quantitatively analyzed, be-
tween negative (-) and strongly positive (+++).

Scanning Electron Microscopy

The plant material preparation followed the usu-
al procedures (Hayat, 1981; (Rodrigues et al., 2013;
Rodrigues et al., 2008; Teixeira et al., 2013). Obser-
vations were done with a Jeol JSM - T220 scanning
microscope at 15 kV.

Preparation of Plant Extracts

The plant material was dried in the dark, at room
temperature and powdered. Approximately 100g of
powder was extracted sequentially, with increasing
polarity solvents [n-hexane (Hex), dichloromethane
(CHyCy,), ethyl acetate (AcOEt), methanol (MeOH)
and water (H,O)], for 24 h, at room temperature
with occasional shaking. The extracts obtained were
filtered; evaporated under reduced pressure and
stored at 4 °C until use, with the exception of the
aqueous extract which has been freeze-dried.

Phytochemical Screening

The extracts were dissolved in proper solvents, ap-
plied on silica gel thin layer chromatography pla-
tes and de-veloped with appropriate mixtures of
eluents. The plates, containing an application of
each extract (Hex, CH,C;;, AcOEt, MeOH e H,0),
were revealed with spray specific reagents for each
class of substances (Wagner and Blader, 1996). Re-
sults were displayed semi-quantitative in a range
between absence (-) and strongly present (+++).

Screening for Antimicrobial Activity

Microbial Strains

All extracts were in vitro tested against sensitive
and multiresistant bacterial strains: Gram-positive,
Enteroccocus faecalis ATCC 51299, Staphylococcus au-
reus ATCC 6538, ATCC 43866 (Methicillin-resistant
S. aureus; MRSA), ATCC 700699 (Vancomycin inter-
mediated S. aureus; VISA) and ATCC 106760 (VISA),
Staphylococcus epidermidis ATCC 35984; Gram-nega-
tive, Pseudomonas aeruginosa ATCC 9027, Salmonella
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typhimurium ATCC 13311 and Klebsiella pneumonia
ATCC 9997). It was also assessed the sensitivity of
the acid-alcohol resistant bacillus Mycobacterium
smegmatis CIP 607 and of the yeast Candida albicans
ATCC 10231.

The test microorganisms were obtained from the
culture collection of Prof. Aida Duarte, Faculty of
Pharmacy, Lisbon University.

Determination of the minimal inhibitory concen-
tration (MIC)

The MIC was determined by the serial broth micro
dilution method (Cos et al., 2006; CLSI, 2008). Tests
were performed in Mueller-Hinton broth medium,
in 96-well micro plates, as follows: to 100 pL of
Mueller-Hinton medium, 100 pL of each extract so-
lution to be tested, were added. The extracts of S. hy-
brida were tested in concentrations ranging between
500-1.75 pg/mL. An innocuous of each microorga-
nism was added (10 pL; final concentration 104 cfu/
mL). The last row, containing the microorganisms
in Mueller-Hinton medium without the test sam-
ple, was used as a bacteria control. Appropriated

antibiotics were used as reference for antibacterial
activities and all the assays were repeated at least
by three independent experiments. The micro plates
were covered and incubated at 37 °C for 24-h, with
the exception of bacterial strains E. faecalis and M.
smegmatis who required incubation periods of 48-h.
The microbial development was evaluated by mea-
suring the absorbance of the micro plates, at the wa-
velength of 630 nm, in a micro plate reader Biotek
ELX808. It corresponds to the lowest concentration
of an extract that inhibits the development of a cer-
tain microorganism. Positive values were conside-
red when MIC <100 pg/mL (Cos et al., 2006).

Results

Micromorphological Study

S. hybrida leaves show epidermal cells with similar
characteristics on both leaf surfaces: irregular cells
with sinuous cell walls, no defined orientation and
deposits of wax filaments disorderly grouped over
the cuticle (Fig. 1). Stomata anomocitic type, are

Figure 1 - Leaf abaxial surface, epidermal cells with sinuous cell walls, no defined orientation and deposits of wax filaments
disorderly grouped over the cuticle; anomocitic stomata, randomly distributed and without orientation. Figure 2. Leaf adaxial
surface with pluricellular secretory and tector trichomes. (scale bar = 10pm) Figure 3. Leaf transverse section and distribution
of trichomes. Figure 4. Leaf adaxial epidermis with mucilages idioblasts, stained with Tannic Acid (scale bar = 25um). Figure
5. Polysaccharides detection with PAS (scale bar = 25um). Figure 6. Tannins detection with Vanillin (scale bar = 12pym). Figure
7. Total lipids detection with Sudan Red III (scale bar = 25um). Figure 8. Terpenoids detection with 2,4-dinitrophenilhidrazine
(scale bar = 12pm). Figure 9. Steroids detection with Antimony Trichloride (scale bar = 12pm).
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seen on the abaxial surface, distributed randomly,
without specific guidance along the leaf area (Fig.
1). The stomatal index was estimated at 21.4. On the
upper and lower epidermal surfaces secretory and
tector trichomes are seen with equal structural fea-
tures but with different abundance and distribution:
in the adaxial surface the tector trichomes, with 3-6
large and thin cells, are few; the secretory trichomes,
with a minimum of 5 cells in the neck and 2-3 cells

in the head (Fig. 2), are abundant throughout the
leaf blade. In the abaxial surface it is the opposite,
greater abundance of tector trichomes, scattered all
over the leaf blade and lower abundance of secre-
tory trichomes, which are mostly over the leaf main
vein (Fig. 3).

In the analysis of leaf cross-sections we gather infor-
mation about its anatomy. The average total thick-
ness of leaves was 127.7 +22.7 um. Upper epidermal

Table 1 - Results of the histochemical tests conducted to characterize the contents of the secretory
trichomes and other tissues of Sanguisorba hybrida leaves.

Chemical Groups Histochemical Secretory Other
Tests Trichomes Tissues
Mucilages Tannic Acid ++ +++ ep/pq
Pectins Ruthenium Red - ++ep
Total P.AS. ++ +++pq
Polysaccharides
Mucopolysaccharides  Alcian Blue + ++pq
Alkaloids Dittmar reagent + +
Phenols Ferric Trichloride ++ +++ pq
Polyphenols Lignin Acidic ' - +++ xi/sc
Phloroglucin
Tannins Vanillin ++ -
Total Sudan Red III ++ ++ep
Neutral lipids Nile Blue - -
Lipids Acidic lipids - +++ pq
Fatty Acids Copper  ac. / ++ +++pq
Rubeanic Acid
Essential oils and Nadireagent - -
oleoresins
Terpenoids Steroids Antimony trichloride + -
Terpenoids with  2,4- + -
carbonyl group dinitrophenilhidra—
z1ine

- negative; +++ strongly positive; ++ medium; + low; ep epidermis; pq parenchyma; xi xylem; sc sclerenchyma.

cells are covered by a cuticle with average thickness
of 3.4 £ 1.3 um. The mesophyll is typical of dico-
tyledon plants, with an asymmetrical chlorophyll
parenchyma: the palisade parenchyma with 1-2
layers of elongated cells arranged perpendicularly
to the leaf surface, without intercellular spaces and
the spongy parenchyma with 3-4 layers of rounded
cells, showing small intercellular spaces. The two
parenchyma tissues, palisade and spongy, showed
an average thickness of 35.4 + 6.5 um and 55.2 + 8.3
um, respectively. It was also made the visualization
of calcium oxalate crystals, mainly druse type but
also some raphids, in idioblasts nearby the vessels.

Histochemical Study
Several histochemical tests were conducted to cha-
racterize the contents of the different tissues of S.

hybrid leaves. The results are briefly reported on Ta-
ble 1.

The use of Tannic Acid for mucilages detection, re-
vealed positive in tector and secretory trichomes
and also in epidermal (Fig. 4) and parenchyma idio-
blasts. The application of Ruthenium Red showed
that only the cell walls of the epidermal cells have
pectins, for the appearance of the pink color. The
use of PAS for total polysaccharides revealed pink-
ness in the head cells of secretory trichomes (Fig. 5)
and in parenchyma cells. A similar localization was
seen with Alcian Blue for acidic polysaccharides.
Dittmar reagent for alkaloids stained positively,
light brown color, the parenchyma tissue and the
heads of secretory trichomes. When applying Fer-
ric Trichloride, for phenols, the mesophyll stained
black brownish as well as the tector trichomes whi-
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Table 2 - Semi-quantitative and qualitative evaluation of the phytochemical screening of Sangui-

sorba hybrida extracts.

Identification of extracts chemical composition

Plants extracts

(% Wiw) Phenolics Flavonoids Terpenoids Alkaloids
(FBS) (NEU) (Anisald./Sulf. Ac.) (Dragendorff)
n-hexane  (0.8) + ++ 4+ -
CH,Cl, (1.4) ++ - -+ -
AcOEt 0.9) ++ + ++ -
MeOH (1.9) + + ++ -
H,0 ©.1) ++ + - -

(% w/w), extract weight / dried powdered plant material weight percentage. - absence; + slightly present; ++ modera-

tely present; +++ strongly present.

Table 3 - MIC values of Sanguisorba hybrida extracts against selected microbial strains and their

sensibility against antibiotics.

MIC (pg/mL)

g 3 | g. s &5 §
4 g 5 S§ S 3% R§ 3§ 3% 3

3 s 3 Lu = ] &£ S 3
Hex 30,00 62,00 15,00 30,00 125,0 125,0 250,0 250,0 250,0 62,00 250,0
CH,Cl, 30,00 125,0 30,00 15,00 125,0 125,0 250,0 250,0 250,0 125,0 250,0
AcOEt 15,00 125,0 30,00 62,00 125,0 125,0 250,0 250,0 250,0 125,0 250,0
MeOH 7,50 7,50 3,50 7,50 62,0 125,0 250,0 250,0 250,0 125,0 250,0
H,0 3,75 1,75 3,50 3,50 62,0 62,0 250,0 250,0 250,0 125,0 250,0
RIF <l.5 <l.5
AMX <1.5 <l.5
CTX <1.5
GTM <l.5 <l.5
OFX <15 <l.5 <l.5
AN <15
CTZ <l.5

Hex n- hexane, CH2CI2 dichloromethane, AcOEt ethyl acetate, MeOH methanol, H20 water; RIF rifampicin, AMX amoxicillin,
CTX cefotaxime, GTM gentamicin, OFX ofloxacin, AN alidixic acid, CTZ ketoconazole.

le the secretory trichomes presented a light brown
color only in their head cells. The treatment of leaf
sections with Vanillin, for tannins, has just revealed
orange brown coloring in the head cells of secretory
trichomes (Fig.6). As expected, acidic Phloroglucin
detected lignin in xylem conductive vessels and in
sclerenchyma cells. The application of Sudan Red
III, for total lipids detection, revealed the orange
coloration on the head of secretory trichomes and
epidermal cell walls (Fig.7). The Nile Blue test for
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neutral lipids was negative but positive for acidic
lipids, in the basal cells of secretory trichomes, ne-
gative for their cell's head and positive as well for
parenchyma cells. With Copper acetate / Rubeanic
Acid for fatty acids, all structures with the exception
of tector trichomes stained dark green.

No essential oils and oleoresins were detected with
the use of Nadi reagent. Other terpenoids, with
2,4-dinitrophenilhidrazine (Fig. 8), and steroids,
with Antimony Trichloride (Fig. 9), were slightly



detected as yellow-orange colored only on the se-
cretory trichomes head. Under fluorescence micros-
copy the presence of flavonoids was confirmed.

Phytochemical screening

The semi-quantitative and qualitative results of the
phytochemical screening, as well as the yield of the
dried extracts (as w/w percentage) of the starting
dried material) are presented on Table 2. All extracts
were rich in terpenoids except the water extract.
Phenolics and flavonoids were also present in all ex-
tracts but not in the dichloromethane. It is clear that
all plant extracts were negative to alkaloids.

Evaluation of minimal inhibitory concentration
(MIC)

The MIC of S. hybrida extracts against selected hu-
man pathogens was evaluated and results are dis-
played on Table 3. Among all the tested extracts,
the methanol and water extracts presented higher
activity than n-hexane, dichloromethane and ethyl
acetate extracts. The polar extracts strongly inhibit
the growth of Staphylococcus aureus strains including
those resistant to meticillin (MRSA) and vancomicin
(VISA) with MIC between 3.50-1.75 pg/mL. Those
extracts also exhibited moderate activity (62.0 pg/
mL) against S. epidermidis. The non polar n-hexane
extract was active (62.0 ug/mL) against the acid-
-alcohol resistant bacillus Mycobacterium smegmatis.
No activity was observed when Gram-negative and
fungi were assayed.

Discussion

The pharmacognostic study of S. hybrida using diffe-
rent techniques allowed a better knowledge of this
species and from their characteristics it can be infer-
red that this plant is well adapted to its ecosystem.
We found hipostomatic leaves, which contributes
to reduce water loss by transpiration and therefo-
re prevent dehydration (Wilkinson, 1979; Mott et
al., 1982); Lleras, 1997). The stomata distribution
and the dorsiventral mesophyll are characteristic of
plants that grow in mesophytic environments, that
is, plants that are adapted to a moderately moist
environment. The presence of wax deposits on the
epidermis surface is essential both in the mainte-
nance of temperature and in the water retention on
the leaf sheet, once again contributing to an efficient
plant hydration (Wilkinson, 1979). The microscopic
observations showed the existence of a considera-
ble number of calcium oxalate crystals, mainly con-
centrated in the region of the main vessels. These

might be involved in the photosynthetic rate impro-
vement, allowing a better light distribution through
the mesophyll, but also providing mechanical su-
pport and plant protection against predators (Me-
tcalfe and Chalk, 1988). The existence of trichomes
in both leaf surfaces works similarly, in the protec-
tion against biotic and abiotic elements (Fahn, 1986;
Fahn and Cutler, 1992; Larcher, 2000). In the histo-
chemical study (Table 1) there were detected muci-
lages, pectins, total and acidic polysaccharides. All
these chemical groups contribute to maintain cellu-
lar hydration (Meyberg, 1988; Fahn, 1979) and some
authors suggest that they also reduce transpiration
(Gregory and Baas, 1989) which is conforming to the
environmental needs of this plant, as well as with
characteristics common to other Rosaceae (Evans,
2009).

All leaf tissues showed a diverse chemical com-
position, including some types of terpenoids and
polyphenols (Table 1), also confirmed in the phyto-
chemical screening of S. hybrida extracts (Table 2).
The terpenoids have been described as one of the
groups of compounds correlated to the pharmacolo-
gical activity of S. officinalis and S. minor (Goun et al.,
2002; Li et al., 1992; Viano et al., 1999), so its detection
in S. hybrida seems to corroborate the importance of
these compounds in the genus Sanguisorba and can
be a very promising sign for possible pharmacolo-
gical activities in this taxa. The presence of tannins
is also associated to the properties attributed to S.
officinalis and S. minor (Goun et al., 2002; Li et al,,
1992; Viano et al., 1999) and, therefore, of the utmost
relevance.

The alkaloids have been detected in small concen-
tration, through Dittmar reagent, in the head cells
of secretory trichomes and in the parenchyma tis-
sue (Table 1). In plants the existence of this chemical
group is often associated with the protection against
herbivores. However in the phytochemical scree-
ning of S. hybrida extracts (Table 2) its presence was
not detected. A possible explanation for the histo-
chemical result may be on the chemical composition
of Dittmar reagent, with iodine compounds, which
can react with starch and also with some proteins
(Evans, 2009).

The antimicrobial activity was performed by the se-
rial broth microdilution method. Several microorga-
nisms were assayed namely several Staphylococcus
aureus strains including a bacterial biofilm model
(ATCC 6538) due to their higher resistance against
antimicrobial agents. Vancomicin and meticillin
resistant strains were also included, as well as S.
epidermidis and Enterococcus faecalis. Gram-negative
bacteria enclosed Salmonella typhimurium (Entero-
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bacteriacea non encapsulated) Klebsiella pneumoniae
(Enterobacteriacea encapsulated and Pseudomona
aeruginosa (non-Enterobacteriacea). The acid-alco-
hol resistant bacillus Mycobacterium smegmatis was
also tested, as a fast-growing model for anti-myco-
bacterium preliminary assessment of the extracts
activity (Cowan and Talaro, 2009). To evaluate the
antifungal activity C. albicans was the selected mi-
croorganism (Cos et al., 2006).

The bioactivity of the extracts was heterogeneous,
when comparing Gram-positive and Gram-negative
bacteria, probably due to the differences in their cell
walls composition and structure, less complex in
Gram-positive (Cos et al., 2006; Slama, 2008).

From the results presented in Table 3 it should be
highlighted that S. hybrida polar extracts displayed
notable antibacterial activity (MIC 7.50-1.75 ug/mL)
against all the S. aureus strains assayed (biofilms,
MRSA and VISA).

Correlating those results with the chemical compo-
sition of the extracts (Table 2), it can be inferred that
the activity might be related to their rich terpenoid
and phenolic contents. The bioactivity of phenols
(Nikitina et al., 2007; Mason and Wasserman, 1987),
tannins (Scalbert, 1991; Jones et al., 1994) terpenoids
(Rodrigues et al., 2012; Scortichini and Rossi, 1991),
flavonoids and flavonoid glycosides (Ghasemza-
deh and Ghasemzadeh, 2011; Tsuchiya et al., 1996)
against a wide range of microbes has been referen-
ced. The secondary metabolites are known to be
produced by plants in response to injuries and its
not be surprising that they have been found to be
effective against a wide array of human pathogens
in vitro. Their activity is probably due to their abi-
lity to complex with extracellular and soluble pro-
teins and to complex with bacterial cell walls. More
lipophilic flavonoids may also disrupt microbial
membranes (Tsuchiya et al., 1996). Condensed tan-
nins have also been determined to bind cell walls of
ruminal bacteria (Jones et al., 1994).

Conclusions

The present study contributed to the pharmacog-
nostic characterization of S. hybrida and demons-
trated its potential as a natural antimicrobial agent.
The leaves’ tissues, including secretory trichomes,
showed positive with most of the histochemical
tests aimed at the main chemical groups. The ex-
tracts phytochemical screening confirmed the pre-
sence of terpenoids and polyphenols in most of
them. The active chemical compounds of the metha-
nol and water extracts showed better antimicrobial

488 Revista de Ciéncias Agrdrias, 2014, 37(4): 482-490

activity than those found in the n-hexane, dichloro-
methane and ethyl acetate extracts. Gram-positive
bacteria were the most sensitive and the MIC values
7.50-1.75 pg/mL were obtained using those polar ex-
tracts against Staphylococcus aureus, including biofil-
ms, MRSA, VISA and strains.
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