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1 mm thickness, Merck Co.) by using the follow-
ing mix as solvents: n-hexane-EtOAc (1:1) and
n-hexane-EtOAC (3:2). After TLC, the different
spots were visualized with visible spectrum light
and wavelength light of 254 and 324 nm, with or
without subsequent oleum treatment (sulfuric acid
+ glacial acetic acid + dH,0, 8/32/160) and further
heating at 120 C.

Parasite Maintenance and Preparation

The E. ninakohlyakimovae GC strain used in
this investigation was initially isolated from eld
infections in 2006 in Gran Canaria island, Spain
(Ruiz et al., 2013), and maintained by continu-
ous passages through male Majorera goat Kids
for oocyst production. For harboring oocysts,
goat kids were orally infected at the age of 4 wk
with 2 10° sporulated E. ninakohlyakimovae GC
oocysts. Excreted oocysts were obtained from feces
collected after 2 wk post infection (p.i.) according
to the methods of Jackson (1964). Brie v, the feces
were washed with tap water through decreasing
pore size sieves (250, 150, and 80 m) for the elim-
ination of debris. The resulting oocyst suspension
was mixed (1:1) with a saturated sugar solution
(1.5 g/L density), and transferred to rectangular
plastic bowls and incubated for 2 h at room tem-
perature (RT). Then, oating oocysts were collected
by applying glass plates (25 25 cm) to the surface
of the sugar/oocyst suspension. Attached E. nina-
kohlyakimovae oocysts were collected by rinsing
with distilled water, concentrated by centrifugation
(1,200 g, 10 min), re-suspended in a 4% aqueous
solution of potassium dichromate (w/v; Merck),
and incubated in the presence of oxygen at RT to
induce oocyst sporulation as described elsewhere
(Hermosilla et al., 2002). Resulting sporulated
E. ninakohlyakimovae GC oocysts were stored at
4 Cina2% aqueous solution of potassium dichro-
mate (w/v; Merck) until further use. A total of four
goat kids were employed for the maintenance of the
E. ninakohlyakimovae GC strain.

To obtain unsporulated E. ninakohlyakimovae
oocysts for the oocyst sporulation inhibition assay,
a modi ed technique of Jackson (1964) was used.
Freshly harvested unsporulated oocysts were par-
tially puri ed by stirring oocysts (ice bath, 20 min) in
a 4% sodium hypochlorite (Panreac) solution, and
centrifuged (10 min, 400 g). Further puri cation
was attained by two centrifugation steps (20 min,
400 ) in Percoll (Amersham) gradients of 1:60
and 1:50, respectively. Clean unsporulated oocysts
were immediately transferred to tissue cell culture

bottles (25 cm?, Nunc) and kept at 4 C in PBS for
no longer than 3 d after initial collection. For the
sporozoite viability assay and the sporozoite inva-
sion assay, viable E. ninakohlyakimavae sporozoites
were excysted from sporulated oocysts and puri ed
by a modi ed excystation protocol according to
Fayer and Hammond (1967). In brief, clean oocysts
puri ed as described above were suspended in ster-
ile 0.02 M  -cysteine HCI/0.2 M NaHCQO, solution,
and incubated in a 100% CO, atmosphere at 37 C
for 20 h. Subsequently, sporulated oocysts were
suspended in Hank s balanced salt solution (Sigma-
Aldrich) containing 0.4% (w/v) trypsin (Sigma-
Aldrich) and 8% (v/v) sterile Itered caprine bile
obtained from a local abattoir and were incubated
under microscopic control for up to 4 h at 37 C
in a 5% CO, atmosphere. Free-released sporozoites
were washed three times (20 min, 400 @) in tissue
culture 1640 RPMI medium (Sigma-Aldrich) and
thereafter re-suspended in 1640 RPMI medium
(Sigma-Aldrich) until further use.

In Vitro Oocyst Sporulation Inhibition Assay

By using this assay, we aimed to investigate the
capacity of the extract to inhibit the sporulation of
E. ninakohlyakimovae oocysts in vitro. Routinely, 1.5 mL
Eppendorf tubes were lled with a 20- L solution of
5,000 unsporulated oocysts suspended in sterile PBS,
30 L distilled H,0O, 50 L of 10% potassium dichro-
mate and 100 L of different extract (C1 to C5: 3, 1.5,
0.75,0.18, and 0.023 mg/mL.). The incubations were per-
formed at RT over three exposure times: 30 min, 4 and
24 h. After the incubation, oocysts were washed in dis-
tilled water four times (1,500 g, 5min) and after the last
washing step oocysts were re-suspended again in 1 mL
2% potassium dichromate, transferred into 24-multiwell
tissue culture plates (Nunc) and incubated in the presence
of oxygen at RT. As negative controls, similar concentra-
tions of DMSO (Sigma-Aldrich) to those used to solve
the plant extracts (from 3% to 0.023%) were used, while
serial formaldehyde solutions served as positive controls
(C1to C5: 4%, 2%, 1%, 0.25%, and 0.03%). The oocyst
sporulation rate was determined after 72 h at RT under
microscopic analysis, and for this purpose a minimum of
100 oocysts were counted and analyzed. The assay was
repeated in a different day and, in both cases, triplicates
of all the concentrations assessed were performed.

Sporozoite Viability Assay

The test was used to evaluate the ability of the
extract to produce irreversible damage to viable
sporozoites thereby killing this parasitic stage. For
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this purpose, 5,000 per well viable E. ninakohlyaki-
movae sporozoites suspended in 100 L sterile 1640
RPMI medium (Sigma-Aldrich) were transferred
into 96-multiwell plates (Nunc) and mixed with an
equal volume of different extract concentrations
(C1 to C8: 10, 5, 2.5, 1.125, 0.625, 0.5, 0.1, and
0.025 mg/mL). The corresponding concentrations
of DMSO (Sigma-Aldrich) were used as negative
controls and heat-inactivated sporozoites (60 C,
30 min) served as positive controls. After 3 h of
incubation at RT, 100 L of the supernatant were
carefully removed and thereafter sporozoites were
stained by adding 100 L of the wuorescent dye
Sytox Orange (Invitrogen) diluted in 1640 RPMI
mediumat2.5 M nal concentration. After 15 min
of incubation at RT, uorescence was detected in a
uorescent microscope (Eclipse 80i, Olympus) at
an excitation of 510 to 560 nm and an emission of
575 to 590 nm wavelength. All samples were run
in triplicates. For the evaluation of the viability,
100 sporozoites were microscopically counted and
analyzed for staining properties: Sytox Orange-
unstained sporozoites were considered as viable ,
while stained parasites were classi ed as dead .

Sporozoite Cell Invasion Assay

This assay was conducted to evaluate the abil-
ity of the extract to inhibit the capacity of E. nina-
kohlyakimovae sporozoites to invade host cells
grown as monolayer cultures. For host cell culture
system, immortalized bovine colonic epithelial cells
(BCEC) were seeded (100,000 cells per well) onto
12-multiwell plates (Nunc) and incubated with 1640
RMPI medium supplemented with 5% penicillin/
streptomycin and 3% fetal calf serum (FCS) up to a
minimum of 70 to 80% con uence. DMSO (Sigma-
Aldrich) was used as negative control and as positive
controls different concentrations of sulfadoxine/
trimethoprim (Veter n-Diftr n 24 Intervet) (C1 to
C5: 10/2, 0.1/0.02, 10 32 104,10 %2 10 "and
10 %2 10 © g/mL) were employed. Sporozoites
(5 10% were incubated in Eppendorf tubes with
different concentrations of the extract (C1 to C5:
5,25, 1,0.1, and 0.01 mg/mL), positive and nega-
tive controls. The incubations were performed dur-
ing 3 hat 37 Cin 5% CO, atmosphere. After the
incubation, sporozoites were washed three times
with 1640 RMPI medium (2,000 g, 5 min) and
after the last washing step the sporozoite pellet was
re-suspended in 1640 RMPI (100 L). Sporozoites
receiving different treatments were added to con-

uent BCEC and incubated overnight at 37 C in
5% CO, atmosphere. The sporozoites suspension

was then discarded and the medium replaced with
1640 RMPI containing 5% penicillin/streptomycin
and 3% FCS. Photographs were taken of a total
of 15 randomly selected spaced power vision elds
per well using an optical microscope (Leica DFC
290) and an adapted camera. The invasion rate was
quanti ed by counting the total number of non-in-
fected BCEC and the number of BCEC carrying
intracellular sporozoites.

Cytotoxicity Assays

The in vitro cytotoxicity of the plant extracts
was performed on two different cell cultures:
BCEC and VERO cells (African green monkey
kidney cells). BCEC were cultured according to
the methodology described in the inhibition cell
invasion assay. VERO cells were obtained from the
European Collection of Cells Cultures (ECAACC
84113001) and cultivated in RPMI 1640 culture
medium (Gibco) supplemented with 2 nM L-glu-
tamine, 500 U/mL penicillin, 50 g/mL streptomy-
cin, and 10% FCS (Ruiz et al., 2010). Both cell types
were cultured in 24-well plates (Nunc) and, when
con uent, 150 L of the following plant extract
concentrations were added: 3.125, 0.625, 0.125,
and 0.0125 mg/mL. Serial dilutions of DMSO (3%,
1.5%, 0.75%, and 0.325%) were used as negative
control. After an overnight incubation, 250 L of
a 2.5 M Sytox Orange solution were added. The
mix was incubated during 10 min at RT and then
washed thrice with RPMI 1% penicillin/strepto-
mycin. Finally, the uorescence intensity was ana-
lyzed by a uorometric reader (Ascent Fluoroskan,
Labsystems) using an excitation wavelength of
530 nm and detecting at 590 nm. The results were
always con rmed by microscopical observations.

Statistical Analysis

Data from the three in vitro studies and cytotox-
icity test were grouped and analyzed independently
for signi cant differences by using the nonparamet-
ric Chi-square test. Effects of the different plant
extract concentrations on parasites were compared
to the corresponding DMSO controls. Effective
dose that produced 50% reduction (ED50) of the
oocyst sporulation rate, sporozoite viability or cell
invasion rate was calculated by plotting a linear
regression between the Napierin logarithm (In) of
the effect (y) assessed and log transformed con-
centrations (x). The formula used was Iny = a +
bx, where a and b are the slope of the line and the
y-intercept, respectively. Differences were regarded
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as signi cant at a level of P < 0.05. For all statisti-
cal data analysis, the Sigmastat 3.1 (Windows) was
here used.

RESULTS

Estimation of Condensed Tannin, Polyphenol,
Coumarin, and Flavonoid Contents

The different extracts assessed had mean values
for polyphenol content of about 2 mg/mL., while no
condensed tannin could be demonstrated in any of
the samples evaluated. TLC showed a wide range
of coumarins, speci cally and strongly stained
of blue color at 324 nm, mainly after oleum and
heat treatment (Figure 1C and D) (Jara z Garc a-
Pallasar, 1972). By contrast, the only one single
signal for avonoid was visualized as a weak yel-
lowish spot at visible spectrum light (Figure 1A, see
arrow). Typical black color of the avonoid could
be also demonstrated at 254 nm, although relatively
masked by the intensity of the signal of nearby
compounds, e.g., coumarins (Figure 1B) (Mabry
etal., 1970).

Figure 1. TLC of methanolic extracts of R. pinnata mature fruits
visualized using spectrum visible light (A) and UV light at 254 (B) nm
and 324 nm (C) wavelengths. Forth line (D) represents visualization at
324 nm after after oleum and heat treatment and the arrow marks the
presence of weak yellowish spot at visible spectrum light (A), which
probably corresponds to a avonoid.

In Vitro Assays

The capacity of the extract to inhibit E. nina-
kohlyakimovae-oocyst sporulation was both con-
centration and time dependent. As shown in
Figure 2A, after 30 min of incubation only the
highest concentration (3 mg/mL) of the extract
produced a reduction in the sporulation compared
to the negative control. After 4 h of incubation,

Figure 2. Oocyst sporulation inhibition assay. Percentage of sporu-
lation after incubation for 30 min (A), 4 h (B) and 24 h (C) with differ-
ent concentrations of methanolic extracts of R. pinnata mature fruits
(MeOH Rp) (C1to C5: 3, 1.5,0.75, 0, 0.18 and 0.023 mg/mL). DMSO
at the same dilutions than for MeOH Rp (from 3% to 0.023%) was
used as negative control. Serial formaldehyde solutions served as posi-
tive controls (C1 to C5: 4%, 2%, 1%, 0.25%, and 0.03%). Statistical sig-
ni cance for MetOH Rp vs. DMSO: P < 0.001 (***) and P < 0.01 (**).
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