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A bio-guided screening against influenza A virus (FLUAV) was carried out with seven Euphorbiaceae spe-
cies. The results showed that chromatographic fractions from Phyllantus niruri, Euphorbia pulcherrima and
Codiaeum variegatum had relevant anti-FLUAV activity, although only chromatographical subfractions
from C. variegatum kept the activity. From this plant, the active compound against FLUAV was isolated.
Its structure was assigned as 2-(3,4,5)-trihydroxy-6-hydroxymethyltetrahydropyran-2-yloxymeth-
yl)acrylonitrile (1) on the basis of NMR, mass spectrometry and X-ray diffraction analysis. The compound
displayed virucidal activity without impairment of haemagglutination properties of the used virus strain.
This is the first report indicating antiviral activity of a cyanoglucoside.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

From approximately 200 viral respiratory pathogens, the most
important ones are influenza viruses, causing around half a million
deaths globally each year (Brooks et al., 2004). Influenza A virus
(FLUAV) belongs to the Orthomyxoviridae family and is an envel-
oped single negative-stranded RNA virus. One of the most
important viral proteins, the haemagglutinin (HA) protein, is
responsible for virus attachment to the sialic acid receptor for the
subsequent fusion of viral and cellular membranes (Palese and
Shaw, 2006). Available antiviral drugs frequently lead to the devel-
opment of viral resistance, characterized by their high mutational
rate (Palese and Shaw, 2006). The search for natural antiviral com-
pounds from plants is a promising approach in the development of
new therapeutic agents (De Clercq, 2006; Wang et al., 2006). Natu-
ral compounds such as fucan (Udhikari et al., 2006), lignans (Asano
etal., 1996), flavonoids (Du et al., 2003) and phytoestrogens (Martin
et al., 2007) displayed activities against several types of viruses.
Regarding Euphorbiaceae species, extracts of Euphorbia paralias, E.
serpens and Phyllantus spp. showed antiviral activity (Abdelgaleil
et al.,, 2001; Ruffa et al., 2004; Bagalkotkar et al., 2006).
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In this paper, we report a bioassay guided screening for anti-
FLUAV compounds and the isolation and identification of an active
compound from Codiaeum variegatum.

2. Results and discussion
2.1. Structural elucidation

Through column chromatography of the active fractions I-2 and
-4 from C. variegatum a new compound was isolated. According to
the high resolution mass spectrometry measurements, compound
1, which we propose to name codiacyanoglucoside, has the ele-
mental composition C;0H;5NOg. Since no melting point could be
determined due to molecular carbonization, exhaustive acetylation
provided a peracetate derivative for further characterization,
which indicated four of the six oxygen atoms to be hydroxyl
groups. The 'H NMR spectrum of 1 showed two signals at § 6.25
(1H, t, J= 1.4 Hz) and 6 6.13 (1H, br s), corresponding to protons
of an sp? terminal methylene group, which were long-range cou-
pled to an allylic oxygen bearing methylene group that appears
as two double triplets (Jq=13.4Hz, J,=1.4) at 6 4.49 and at §
4.33. Other resonances, suggesting the presence of a sugar residue,
were a doublet (J = 7.7 Hz) at § 4.34, a double doublet (J=12.1 and
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1.4 Hz) at 6 3.90, another double doublet (J=9.2 and 7.7 Hz) at
3.25, a double double doublet (J=12.1, 4.2 and 1.4 Hz) at ¢ 3.69,
and complex multiplets for one hydrogen atom at § 3.37 and for
two hydrogen atoms at § 3.30.

Six signals observed in the >C NMR spectrum of 1 at § 104.3 (s,
anomeric), 6 75.7 (d, C-2"), 5 78.8 (d, C-3'), 5 72.4 (d, C-4'), § 79.0 (d,
C-5), and § 63.6 (t, C-6") were indicative of a glucopyranosyl moi-
ety. The remaining four resonances were an oxygen bearing allylic
methylene group at 5 69.9 and three at 6 134.1 (CH,), § 122.3 (C),
and 6 119.1 (CN), corresponding to a conjugated H,C=C-CN resi-
due, in agreement with the CN band at 2220 cm™! in the IR spec-
trum, and a strong absorption at 201 nm (g, 12,600) in the UV
spectrum. The high frequency chemical shift of the sp? methylene
carbon is due to its conjugation to the cyano group. A gHSQC plot
gave evidence of the hydrogen atoms being directly attached to
carbon atoms, while the gHMBC spectrum showed long-range cou-
pling of the doublets owing to the terminal methylene protons at é
6.25 and ¢ 6.13 with the methylene group at § 69.9 and the quater-
nary carbons at 6 122.3 and at § 119.5. In turn, the methylene pro-
tons at ¢ 4.49 and J 4.33 showed connectivities to the signals at ¢
134.1, 6 122.3, 6 119.2 and ¢ 104.3. The nitrile carbon atom is
shielded at § 119.1, due to conjugation with the methylene group.
Homonuclear 'H-'H COSY and spin-spin decoupling experiments
performed on 1 and its tetraacetate provided the assignments gi-
ven in the Experimental. For the latter molecule, gHSQC and
gHMBC measurements were also performed. The structure of 1
was independently confirmed by single crystal X-ray diffraction
analysis (Fig. 1).

From a biogenetic point of view, codiacyanoglucoside (1) might
be derived from valine, in analogy to the biosynthetic pathway
(Forslund et al., 2004) of other cyanoglucosides found in nature.
Nevertheless, this is the first report showing a cyanoglucoside with
strong anti-FLUAV activity.

2.2. Anti-FLUAV activity

The chemical fractions (crude latex, or soluble and insoluble
leaf fractions) from Hura crepitans, Codiaeum variegatum, Caryoden-
dron orinocense, Phyllanthus niruri, Euphorbia pulcherrima, Euphor-
bia cotinifolia and Euphorbia tirucalli plants were tested using the
conventional colorimetric MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay to evaluate the anti-FLUAV

Fig. 1. (a) Structure and (b) X-ray PLUTO plot of codiacyanoglycoside (1). X-ray and
systematic molecular numbering differ.

activity. A bio-guided fractionation strategy to screen the extracts
and chromatographic fractions was used. A selective index
(SI) > 2 or inhibitory concentration 50% (ICsp) < 100 pig/mL (Cos
et al., 2006) was established as stringent endpoint selection crite-
rion for relevant antiviral activity. According to the above selec-
tion parameters, three crude extracts exhibited antiviral activity:
the soluble fraction in the hexane-dichloromethane-methanol
mixture of P. niruri and the insoluble fractions in the same mix-
ture solvents of E. pulcherrima and C. variegatum (Table 1). The
antiviral activities of P. niruri and E. pulcherrima were probably
lost after fractionation since a putative synergist effect in the anti-
viral activity could disappear when individual constituents are
evaluated.

After purification of the active fractions by Sephadex LH-20
column chromatography, four subfractions from P. niruri and E.
pulcherrima were each obtained, but none had relevant antiviral
activity against FLUAV, thereby precluding the identification
and characterization of any active compound. However, two sub-
fractions (I-2 and I-4) obtained from C. variegatum exhibited rele-
vant antiviral activity, both with similar ICs5o and SI values.
Morphological changes in treated non-infected MDCK (Madin-
Darby Canine Kidney) cells were not detected and cytotoxic activ-
ity was not found since CCsy was above the higher concentration
tested (Table 1).

MTT test only measures cell viability, but it does not directly
determine virus production (Cheng et al., 2004). Therefore, to
determine if subfractions I-2 and I-4 from C. variegatum were able
to reduce viral replication, the haemagglutination assay was car-
ried out. The results showed a significant dose-dependent decrease
of the viral progeny, as measured by hemagglutinating activity, in
the supernatant from treated cells, as compared to those from in-
fected but non-treated cells, thus indicating that these subfractions
reduced viral production. This virucidal assay measures the ability
of 1 to reduce viral infectivity, although the virus retains its ability
to induce haemagglutination. The haemagglutination decrease re-
flects a decrease in production of viral particles in treated cells,
while the assays in the next section measure the haemagglutinat-
ing capacity of the virus after pretreatment with 1, but do not mea-
sure viral progeny.

Table 1
Anti-FLUAV activity of fractions and subfractions obtained from Phyllanthus niruri,
Codiaeum variegatum and Euphorbia pulcherrima in MDCK cells

Species Code CCso (pg/mL)  ICsq (pg/mL) SI
Phyllanthus s? 202 +£23 40+4 5.1
niruri (leaves) S-1 >250 NAC Ncd
S-2 1711 NA NC
S-3 153 +£12 NA NC
S-4 >250 NA NC
Codiaeum g >250 91+14 >2.7
variegatum (latex) -2 >250 60+14 >4.1
1-4 >250 59 £22 >4.2
Cyanoglucoside 1  >250 17 %5 >14.9
Euphorbia I >250 89+6 >2.8
pulcherrima (leaves) 1-1 116+5 NA NC
I-2 106 £3 NA NC
I-3 155+4 NA NC
I-4 >250 NA NC

The values represent the mean * SD of three independent experiments.

2 S: portion of the crude soluble fraction in the hexane-dichloromethane-
methanol (2:1:1, v/v) mixture.

" I: insoluble portion of the above triple mixture.

¢ NA: No activity; the percentage of protection was <20% at a non-toxic
concentration.

4 NC: Not calculated. Solvent control (DMSO) showed no activity.
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2.3. Antiviral activity of cyanoglucoside 1 from C. variegatum latex

A cyanoglucoside was isolated from the active fractions subfrac-
tions I-2 and I-4 of C. variegatum. Through the MTT assay, we found
that this compound affected viral replication in a dose-dependent
manner and the antiviral activity was more potent than that exhib-
ited by the initial fraction. At 250 pg/mL, the protection was 100%.
Similar to subfractions I-2 and I-4, morphological changes were not
observed in treated non-infected MDCK cells. The ICsq and SI values
were higher than the ones exhibited by the active subfraction, indi-
cating that this compound is responsible for the anti-FLUAV activ-
ity (Table 1).

To explore the antiviral mechanism, a virucidal assay was per-
formed. Two-fold serial dilutions of the compound were incubated
at room temperature with the virus and then this mixture was
used to infect MDCK cells. The results indicated that the infectivity
of FLUAV was lost before the virus was in contact with the cells
(Fig. 2). To test whether pre-incubation of the virus with codiacy-
anoglucoside 1 would result in impairment of the FLUAV haemag-
glutination capacity, two-fold serial concentrations of the
compound were incubated with or without 10 HAU (haemaggluti-
nation units) of the virus. The results indicated that at 250 pg/mL
cyanoglucoside 1 reduced the influenza haemagglutination activity
only by one HAU, but at lower concentrations no reduction was ob-
served. The non-inhibitory effect on viral adsorption onto human
red blood cells, suggests that this compound exhibits virucidal
activity without impairing the haemagglutination ability of FLUAV.

Cyanogenesis is especially common in Euphorbiaceae and is
found in many genera including Bridelia, Euphorbia and Phyllanthus,
as well as in the economically important species, Hevea brasiliensis
and Manihot esculenta (Miller et al., 2006). The poisonous effect of
cyanogenic glycoside compounds is caused by enzymatic cyanide
liberation, which inhibits the respiratory chain. Despite the fact
that compound 1 has a nitrile group, it is a non-cyanogenic glyco-
side, because a hydrolytic process is unable to produce free cyanide
due to the presence of the conjugated methylene group. Thus, a po-
tential toxic effect is excluded.
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Fig. 2. Virucidal activity of 1 against FLUAV. This assay shows viral infectivity
reduction on MDCK cells. Cells were infected with FLUAV (1000 PFU/mL) and
incubated with or without two-fold serial dilutions of 1. Each mixture was then
diluted 1:500 and 200 pL were added to the cells and incubated for 1h at 37 °C.
Cells were then overlaid for 72 h with a low-viscosity overlay medium, the virus
was inactivated with 10% formaldehyde and the cell monolayer was stained.
Plaques were counted to determine the virucidal activity of 1. Each bar represents
the mean + SD of three independent experiments.

The functional analysis indicates that the antiviral activity of
the cyanoglucoside is independent of the HA protein, since this
compound exhibited virucidal activity without impairing the hae-
magglutination induced by FLUAV. There are no reports indicating
antiviral activity of this or similar compounds that might suggest a
mechanism of action of cyanoglucoside 1. Considering that differ-
ent reports indicated that a single compound might interfere with
more than one step in the viral replication cycle (Cheng et al,,
2004), it is necessary to explore whether this compound might im-
pair subsequent steps during viral replication and interfere with
other influenza strains.

3. Conclusion

A new cyanoglucoside was isolated from Codiaeum variegatum
and the structure was determined through 2D NMR, HRMS and
X-ray diffraction. For the first time this type of secondary metabo-
lite is reported as a virucidal compound. In addition, the mecha-
nism of action did not involve a biochemical interaction with the
virus haemagglutinin. It is important to underline that according
to the structural characteristics, this metabolite should not be
associated to toxic effects considering that chemical or enzymatic
hydrolysis of this compound does not result in the production of
the toxic ion, cyanide, due to the presence of an exocyclic methy-
lene in the molecule. Other metabolites isolated from Euphorbia-
ceae family, such as putranjavaina A (Cheng et al, 2004),
hippomanin A (Yang et al., 2007) and niruriside (Qian-Cutrone
et al., 1996), have shown virucidal activity and/or capacity to inhi-
bit viral replication at post-entry steps; however, their chemical
structures differ from the compound reported in this study.

4. Experimental
4.1. General

The melting point was determined on a Fisher-Johns apparatus
and is uncorrected. UV spectra were recorded on a Perkin Elmer
Lambda 12 spectrophotometer. The IR spectrum of 1 was obtained
on a Perkin Elmer FTIR-1000, while that of tetraacetate 2 was ob-
tained on a Buck Scientific model 500 spectrophotometer. Optical
rotations were measured on a Perkin Elmer model 341 polarimeter.
'H NMR spectra were recorded at 300 MHz and '3C NMR at 75 MHz
on Bruker AMX-300 and Varian Mercury 300 spectrometers. Chem-
ical shifts are reported in § units (ppm) and coupling constants (J)
in Hz. High resolution mass spectra were determined by electro-
spray ionization/atmospheric pressure chemical ionization on an
Agilent LCTOF spectrometer at the UCR mass spectrometry facility,
University of California, Riverside, CA.

4.2. Plant material

Plants and latex were collected during 2005 and 2006 from sev-
eral farms of Universidad de Antioquia, located in San Pedro, Barb-
0sa, Porce and Caucasia, Colombia. Voucher specimens are in
deposit at the Herbario Universidad de Antioquia (HUA): Hura
crepitans 142565, Codiaeum variegatum 142566, Caryodendron ori-
nocense A94316, Phyllanthu niruri 6743, Euphorbia pulcherrima
6715, Euphorbia cotinifolia 2707 and Euphorbia tirucalli 6797.

4.3. Extraction and isolation of compounds

Milled dry leaves from H. crepitans, P. niruri, E. pulcherrima and
C. orinocense (500¢g each) were extracted by percolation with
MeOH (6 L) at room temperature during three days. After filtration
and solvent evaporation in vacuo, residues containing 105.0, 102.3,
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100.9 and 101.6 g, respectively, were obtained. A sample of 15 g of
each residue was individually dissolved in H,O and extracted with
400 mL of hexane-CH,Cl,-MeOH (2:1:1, v/v), with each yielding a
soluble (S) and an insoluble (I) fraction. H. crepitans gave 5.9 g of
the soluble and 9.1 g of the insoluble fraction, P. niruri gave 8.1 g
of the soluble and 7.2 g of the insoluble fraction, E. pulcherrima
gave 6.5 g of the soluble and 7.5 g of the insoluble fraction, while
C. orinocense gave 7.6 g of the soluble and 6.4 g of the insoluble
fraction. All eight fractions were individually tested for cytotoxic
and antiviral activities, but only the soluble fraction of P niruri
and the insoluble of E. pulcherrima were virucidal. After separation
of active fractions by Sephadex LH-20 CC eluting with 500 mL of
hexane-CH,Cl,-MeOH and 200 mL of MeOH, four subfractions
from each P. niruri and E. pulcherrima were obtained, which
showed no relevant antiviral activity against FLUAV.

On the other hand, fresh latex (20 mL each) from E. cotinifolia
and E. tirucalli were individually extracted with EtOAc (100 mL)
in a funnel at room temperature. The residues, obtained after sol-
vent evaporation in vacuo, were partitioned by silica-gel CC with
CsH14:EtOAc of increasing polarity. Ten fractions (10 mL each)
were collected and combined according to their thin-layer chroma-
tography profiles with hexane:EtOAc (3:1, v/v) or CHCl3:MeOH
(9:1, v/v) to provide five fractions that were tested for antiviral
activity. All were inactive against FLUAV.

In addition, fresh latex (50 mL) from C. variegatum was ex-
tracted as above with hexane-CH,Cl,-MeOH (2:1:1, v/v, 500 mL),
and then with MeOH (200 mL). The former was then re-extracted
with hexane, CH,Cl,, EtOAc and finally with MeOH:H,0 (3:1, v/v)
(50 mL each), which after evaporation yielded 7, 25, 20 and
120 mg, respectively. They were evaluated against FLUAV as de-
scribed below. The aqueous MeOH fraction (120 mg) was further
separated using a Sephadex LH-20 eluted with MeOH to provide
four fractions. Active fractions 2 and 4 (31 and 43 mg) were com-
bined and purified through a RP-18 cartridge eluted with H,O0,
H,0:MeOH (1:1, v/v) and MeOH to yield compound 1 (20 mg) after
vacuum evaporation. The pure sample was obtained by crystalliza-
tion from MeOH.

Acrylonitrile, codiacyanoglucoside (1): [ot]sg9-26, [o]578-27,
[o]s46-33, [0t]436-66 (c, 0.56 MeOH); UV,q.x (€) 201 nm
(12,600); IRymax (KBr) 3540 and 3330 (hydroxyls), and 2220 (cy-
ano) cm~'; 'H NMR (CDs0D) 6 6.25 (1H, t, ] = 1.4, H3E), 6.13 (1H,
br s, H3Z), 4.49 (1H, dt, J=13.4, 1.4, OCH,-C=), 4.34 (1H, d,
J=17.7, H1"), 433 (1H, dt, J=13.4, 1.4, OCH,-C=), 3.90 (1H, dd,
J=12.1, 1.4, H6’), 3.69 (1H, ddd, J=12.1, 4.2, 1.4, HE'), 3.37
(1H, m, H3'), 3.30 (2H, m, H4' and H5'), 3.25 (1H, dd, J=9.2,
7.7, H2); 3C NMR (CDs;OD) & 134.1 (CH,), 122.3 (C), 119.1
(CN), 104.3 (C1’), 79.0 (C5'), 78.8 (C3'), 75.7 (C2"), 72.4 (C4),
69.9 (CH,) and 63.6 (C6'); HRMS [M + Na]* m/z 268.0793 (calcd
for CyoH15NOgNa: 2680797)

Single crystals of 1 were obtained by slow evaporation from
MeOH. The X-ray data were collected on a Bruker-Nonius CAD4
diffractometer equipped with Cu Ko monochromated radiation
(4=1.54184 A), at 298 K in the w-20 scan mode. Unit cell refine-
ments were done using the Express v2.0 software. C;oH;506N, tri-
clinic, P1 (No. 1), a=6.4963(4) A, b=6.676(3) A, c=14.2350(5) A,
o=102.91(1) deg, B=92.764(4) deg and 7=9147(1) deg,
V=600.6(3) A3, Z=2. The structure was solved by direct methods
using the Sir2004 program and refined using SHELXL-97 to provide
R: =3.9% and wR, = 10.5%. For the structural refinement, the non-
hydrogen atoms were treated anisotropically and the hydrogen
atoms, included in the structure factor calculation, were refined
isotropically. Atomic coordinates, bond lengths, bond angles,
anisotropic thermal parameters, hydrogen coordinates, calculated
and observed structure factors and torsion angles are in deposit
at the Cambridge Crystallographic Data Center. The CCDC deposi-
tion number is 693504.

Tetraacetylcodiacyanoglucoside (2): A solution of 1 (8 mg) in
pyridine (0.2 mL) was treated with Ac,O (0.2 mL) and stored at
room temperature for 4 h. The reaction mixture was poured over
ice-water and extracted with CHCls. The organic layer was washed
with water, diluted hydrochloric acid (10%), H,0, aqueous NaHCO3,
and H,O again, and finally dried (anhydr. Na,SO,), filtered, and
evaporated. The residue was crystallized from CHCl;-hexane to
provide 2 (123 mg, 91%) as white plates, m.p. 112-114 °C;
[0t]589-26, [ot]s78-27, [0t]546-32, [0t]436-54 (c, 1.23 CHCl3); UVimax
(€) 201 nm (9700); IRymax (CDCl3) 2263 (cyano), 1755 (carbonyls)
and 1230 (C-0) cm™'; TH NMR (CDCls) ¢ 6.06 (1H, t, J= 1.1, H3Z2),
6.00 (1H, t, J=1.5, H3E), 5.25 (1H, t, J=9.4, H3'), 5.10 (1H, ¢,
J=9.6, H4'), 5.05 (1H, dd, J=9.7, 7.9, H2"), 457 (1H, d, ]=7.9,
H1’), 4.42 (1H, dt, J=13.4, 1.3, OCH,-C=), 4.24 (1H, dd, J =124,
4.5, H6'), 419 (1H, dt, J=13.4, 1.3, OCH,-C=), 4.17 (1H, dd,
J=12.4, 2.4, H6"), 3.71(1H, ddd, ] =9.6, 4.5, 2.4, H5’), 2.10 (3H, s,
OAc), 2.08 (3H, s, OAc), 2.03 (3H, s, OAc), 2.01 (3H, s, OAc); '3C
NMR (CDCl3) 6 170.6 (C=0), 170.2 (C=0), 169.4 (C=0), 169.3
(C=0), 1324 (=CH;), 119.2 (CN), 116.6 (C=), 99.7 (C1"), 72.4
(C3"), 72.0 (C5"), 70.7 (C2'), 68.2 (OCH,), 68.1 (C4'), 61.6 (C6'),
20.7 (CHs), 20.6 (CHs), 20.5 (2CH3); HRMS [M+Na]" m/z
436.1218 (calc for C;gH,3NO gNa: 436.1220).

4.4. Preparation of extracts and bioassay

The extracts, chromatographic fractions, or pure compounds
were diluted with DMSO (Sigma, St. Louis, USA) to obtain a stock
concentration of 40 mg/mL which was stored in aliquots at
—70 °C until used. A dilution of 1:80 (v:v) from the stock solution
was prepared in Eagles’ minimal essential media (EMEM) (Sigma),
supplemented with 2% of heat-inactivated fetal bovine serum (FBS)
(Sigma), to obtain a final concentration of 500 pig/mL. Two-fold se-
rial dilutions were prepared to obtain test preparations at the fol-
lowing concentrations: 500, 250, 125, 62.5, 31.25 and 15.625 ng/
mL. Dimethyl sulfoxide (DMSO) was used as a control in all cases.

4.4.1. Cell cultures and viruses

MDCK (Madin-Darby Canine Kidney) cells and FLUAV (A/PR/8/
34.H1N1) were purchased from the American Type Culture Collec-
tion (ATCC, Rockville, USA). The cell line was routinely grown and
maintained in EMEM supplemented with 10% FBS, 1% penicillin/
streptomycin (Sigma), 1% essential amino acids (Sigma), 1% vita-
mins (Sigma), 1% L-glutamine (Sigma), 0.5% NaHCO3 (Sigma), and
incubated at 37 °C in 5% CO,. FLUAV was propagated in 11-day
chick embryos and was adapted to MDCK cells. The virus was
stored in small aliquots at —70 °C until used. Virus titration was
performed by the limit dilution method, using 96-well microplates
(Nunclon, NY, USA) and plaque formation using 24-well plate
(Nunclon). The viral titer was estimated from cytopathogenicity
of cells induced by viral infection and expressed as 50% tissue cul-
ture infectious doses/mL (TCIDso/mL) and PFU/mL.

4.4.2. Colorimetric MTT assay for cell toxicity and antiviral activity

The cytotoxicity and antiviral activity of the test fraction/com-
pound were determined using quantitative colorimetric MTT
(Smee et al., 2002). Briefly, MDCK cells were seeded in 96-well
plates and grown to subconfluence. Serial two-fold dilutions of
the test fraction were added. At each concentration, three wells
were infected with ten TCIDsq of virus per well, while three wells
were left uninfected for toxicity determination. Plates were incu-
bated at 37 °C for 72 h, the culture medium was then removed
and MTT (2 mg/mL, Sigma) was added. Each plate was incubated
for further 2 h and DMSO was added. The optical densities (OD)
were read on a microplate spectrophotometer, Dynex Revelation
MRX Version 3.2 (Dynex Laboratories, S.R.0., Czech Republic) at
490 nm.
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Results are expressed as: (i) Protection% = [(A — B)/(C —

B)] x 100, where A corresponds to OD of cells treated and infected
cells; B is OD of untreated and infected cells; and C is OD of un-
treated and uninfected cells; (ii) Cytotoxic% =[(A — B)/B] x 100,
where A is the OD of untreated cells, and B is the OD of treated
cells. The 50% cytotoxic (CCso) and the 50% inhibitory concentra-
tions (ICsq) of the test fractions were calculated by lineal regression
analysis of the dose response curves generated from these data.
Thus, the selective index (SI) for each compound was also deter-
mined from the CCsq/ICsq ratio.

4.4.3. FLUAV virucidal assay

The virucidal assay was performed according to Cheng et al.,
2004, with minor modifications. Briefly, MDCK cells were seeded
in 24 well culture plates with 150 x 10° cells/well in 500 pL of
EMEM supplemented with 10% FBS and incubated at 37 °C, 5% of
CO, for 24h to reach at least 95% confluence. The virus
(1000 PFU/mL) was incubated with or without two-fold serial dilu-
tion of fractions for 1 h at room temperature (~22 °C). This mixture
was then diluted 1:500 and 200 pL were added to the wells and
incubated for 1 hour at 37 °C. Later, the cells were overlaid for
72 h with a low-viscosity overlay medium containing 1.2% of
microcrystalline cellulose AVICEL™ (FMC Biopolymer, Philadel-
phia, USA) (Matrosovich et al., 2006). Finally, the virus was inacti-
vated with 10% formaldehyde in PBS and the cell monolayer was
stained with 1% crystal violet. The plaques were counted by visual
examination and the degree of plaque inhibition was calculated rel-
ative to the control in the absence of fractions. The virucidal activity
of the extracts was determined by the following formula: Inhibi-
tion% = [1 — (plaque number)test/(plaque number)control] x 100.

4.4.4. Haemagglutination inhibition assay

Two-fold serial dilutions of the cyanoglucoside in PBS were
mixed with an equal volume of FLUAV viral solution (10 hemagglu-
tinating units (HAU)/50 pL). After incubation for 60 min at room
temperature, 50 pL of 0.8% human erythrocytes type O RH positive,
were added to an equal volume of the viral mixture and incubated
for additional 60 min. A 1:80 dilution of DMSO was used as the
control. Untreated erythrocytes precipitated to the bottom of the
plate, while upon preincubation with the virus, the blood cells ex-
hibit an even and diffuse distribution, indicating that the viral par-
ticles retained their erythrocyte-agglutinating properties.

4.5. Statistical analyses

Linear regression analyses were performed using the GraphPad
Prism version 5.00 for Windows, GraphPad Software (San Diego,
CA, USA). R? values greater than 0.80 were considered as statisti-
cally significant for extrapolation. Each experiment was repeated
at least three times and all data are presented as mean + SD (stan-
dard deviation) values.
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