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Abstract

Nineteen secondary metabolites of the brown alga Dictyota dichotoma (Huds.) Lam. and fifteen metabolites of the brown alga
D. linearis (Ag.) Grev. were isolated and their chemical structures were elucidated on the basis of their NMR and mass spectral data.
The diterpenes isopachydictyolal (1) from D. dichotoma and 4a-acetyldictyodial (2) from D. linearis are new natural products. The
antiviral activity of metabolites isolated in adequate amounts was evaluated in laboratory assays against Herpes simplex virus 1

(HSV I) and Poliomyelitis Virus I, using Vero cells as hosts.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Dictyota is represented by more than 40
species, thus being the richest genus of the family
Dictyotaceae. It is also one of the most abundant sea-
weeds in tropical marine habitats such as the Atlantic
and Indian Oceans, where plenty of Dictyota species are
found. In the Greek seas and in the Mediterranean in
general, only the species D. dichotoma and D. linearis are
found.

Brown algae of the family Dictyotaceae produce a
significant number of secondary metabolites, especially
diterpenes. Generally, these diterpenes have three types
of carbon skeletons: xenicanes; dolabellanes and “‘ex-
tended sesquiterpenes’”. Many members of the family
though, produce cyclic diterpenes, unique in the struc-
tural variety of marine natural products.
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Biological studies have shown a significant number of
Dictyota secondary metabolites to possess cytotoxic,
anti-bacterial, ichthyotoxic and anti-feedant activities
(Amico et al., 1980; Duran et al., 1997; Sun et al., 1983).

In the course of our investigations towards the iso-
lation of bioactive metabolites from marine sources
(liopoulou et al., 2002a,b,c; Mihopoulos et al., 2001) we
investigated the chemical composition of the brown alga
D. dichotoma collected from the coasts of Saronikos gulf
in Athens and D. linearis from the south coasts of Chios
island.

2. Results and discussion
2.1. Isolation and structure elucidation

Nineteen terpenoid metabolites, including natural
product 1, stated below in order of increasing polarity as
resulted from their chromatographic isolation from the
crude extract of Dictyota dichotoma, have been identified
on the basis of their NMR, MS spectral and comparison
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with the literature values: bicyclosesquiphellandrene (De
Rosa et al., 1994), germacrene D (De Rosa et al., 1994),
dictyoxide (Amico et al., 1979), pachydictyol A (Danise
et al., 1977; Hirschfeld et al., 1973), isopachydictyol A
(Duran et al., 1997), axenol (De Rosa et al., 1994), acetyl-
dictyolal (Enoki et al., 1982), dictyol B acetate (Faulkner
et al., 1977; Vazquez et al., 1988), isopachydictyolal (1),
10-acetoxy-18-hydroxy-2,7-dolabelladiene (Ireland and
Faulkner, 1977; Sun and Fenical, 1979), dictyol E (Danise
et al., 1977), fucosterol (Sheu et al., 1997), acetoxycre-
nulide (Sun et al., 1983), hydroxyacetyldictyolal (Enoki
et al., 1982), isodictyohemiacetal (Enoki et al., 1982),
dictyol A (Minale and Riccio, 1976; Fattorusso et al.,
1976), dictyol B (Minale and Riccio, 1976; Fattorusso
et al., 1976), dictyol C (Danise et al., 1977), and hydrox-
ycrenulide (Sun et al., 1983). The sesquiterpenoids bicy-
closesquiphellandrene, germacrene D and axenol,
previously isolated from the brown algae Taonia atomaria
(De Rosa et al., 1994), are reported for the first time as
D. dichotoma metabolites.

Repetitive fractionations of Dictyota linearis crude
extract by vacuum column chromatography on silica gel
and HPLC purifications yielded the new natural prod-
uct (2), as well as fourteen previously reported diter-
penes and vitamin E (Pouchert and Behnke, 1993). The
previously described natural products are dictyoxide,
isopachydictyol A, pachydictyol A, acetals a and b
(Ishitsuka et al., 1982b; Patil et al., 1993), dictyodial (3)
(Finer et al., 1979; Kirkup and Moore, 1983; Enoki
et al., 1982), 18-hydroxy-2,7-dolabelladiene (Konig
et al.,, 1991; Ireland and Faulkner, 1977; Sun and
Fenical, 1979; Ochi et al., 1980a), neodictyolactone (4)
(Ishitsuka et al., 1984), acetylsanadaol (5) (Ishitsuka
et al., 1982a), acetyldictyolal, 10-acetoxy-18-hydroxy-
2,7-dolabelladiene, dictyol E, 10,18-dihydroxy-2,7-do-
labelladiene (Sun and Fenical, 1979; Piatelli et al., 1995)
and dictyol C. The above diterpenes are all reported
for the first time as constituents of D. linearis, while
diterpenes 4 and 5 are reported for the first time as
constituents of the genus Dictyota. The structure de-
termination of 2 is based on spectroscopic methods
(NMR and MS), and comparison with the literature
data. Up-to-date, only a secodolastane (linearol) (Ochi
et al., 1981) and several dolastanes (Ochi et al., 1980a,b,
1986; Crews et al., 1982) have been reported from
D. linearis.

Isopachydictyolal (1) was isolated as colorless oil
and the proposed structure is based on spectral anal-
yses. Characteristic features in the NMR of metabolite
1 include the presence of an aldehyde, three trisubsti-
tuted double bonds, one aliphatic and three vinyl
methyls, as well as an a-hydroxy methine. The aliphatic
methyl at § 0.97 (d)/17.5, the two vinyl methyls at §
1.58 (s)/17.7 and 1.67 (s)/25.7, the two methylenes at o
25.3 and 34.6, the methines at 6 33.3 and 124.4, along
with the quaternary carbon at 6 132.0 are assigned to

the 1,5-dimethyl-4-hexenyl side chain. The presence of
the 6-hydroxy-azulene is supported by the o-hydroxy
proton at & 3.98 (m) and the 'H-'H COSY and HMBC
correlations. Characteristic also in the 'H NMR is the
aldehydic proton at 6 9.35 (s) attached to a carbonyl
resonating at ¢ 194.6 (d) and correlated with the C-1 (0
40.9) of the pachydictyane carbon backbone. The cor-
relation of the aldehyde carbon with the deshielded
olefinic proton at ¢ 6.78 (dt) suggests the presence of a
conjugated system containing the aldehyde carbonyl
and the Ag ;9 double bond of the pachydictyane carbon
backbone. The relative stereochemistry of the chiral
centres depicted in 1 was assigned on the basis of the
NOESY experimental data that revealed correlations
between H-1, H-6 and H-7.

4a-Acetyldictyodial (2), obtained as a slightly green
oil, was assigned to the molecular formula CyH3,04
(LREIMS, m/z 360; FABHRMS, m/z 361.2372
[M +H]"). The NMR data of compound 2 were very
similar to those of metabolite 3, and the structure of
4a-acetyldictyodial was proposed by comparison of the
'H and 3C NMR spectral data with those of dictyo-
dial (3) and the literature values for 4f-hydroxy-
dictyodial (Kirkup and Moore, 1983). The most
significant spectral differences between metabolites 2
and 3 are the resonances of H-2, H-3, H-4, H-5, H-8
and H-20, which for 2 appear at lower fields and the
chemical shifts of C-2, C-4, C-5, C-8 and C-20, and the
additional resonances for the acetoxy-group (one me-
thyl singlet in the 'H NMR spectrum at § 2.01 and two
resonances in the '3C NMR spectrum at § 21.2 and
169.7).

Characteristic are the similarities in the 'H NMR
spectra of metabolites 2 and 3, more important being the
two aldehydic protons at 6 10.16 (s) and 9.27 (s), the
olefinic doublet at ¢ 6.96, the doublet at ¢ 5.33 (showing
correlation in the "H-'H COSY spectrum with a methyl
singlet at 6 1.83). HMQC and HMBC correlations,
clearly establish the position of the acetoxy-group on C-
4. Information derived from 'H-'H COSY and NOESY
experiments were used for the stereochemistry determi-
nation of compound 2. As reported in literature (Finer
et al., 1979; Kirkup and Moore, 1983) X-ray crystal-
lography of compounds possessing this skeleton has
shown that the relative stereochemistry is 2R*, 3R*, 10S5*.
Spectral data were adequate in the present case for
confirmation of the stereochemistry at C-2 and C-3. The
NOESY spectrum revealed correlations between H-4
and H-11, H-4 and H-17, while no correlation was ob-
served between H-4 and H-3. There is also spatial cor-
relation between the C-20 protons and H-5p, resonating
at ¢ 2.55, and between H-5f and H-4. Based on the
above correlation the relative stereochemistry was pro-
posed as 4R*.

The assignments of protons and carbons for metab-
olites neodictyolactone (4) and acetylsanadaol (5), iso-
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Fig. 1. Metabolites of D. dichotoma (1) and D. linearis (2-5).

lated from D. linearis, were established by 2D NMR and
are described in the present investigation, since they
have not been reported in earlier studies (see Fig. 1).

Table 1
Results of antiviral screening

Metabolite HSV 1 POLIO I

Pachydictyol A 100-25*:T 10-0.1:RF1
10-0.1:RF1

Isopachydictyol A 100-10:T 10-0.1:RF1
5: T/4
2.5-0.1:RF1

Dictyol A 100-0.1: T 10-2: T
0.01:RF1 1:RF1

Dictyol B 100-0.5:T 0.1-0.001:RF1
0.25-0.01:RF1

Dictyol C 100:N 100-50:N
100-10:T 100-10:T
1:T/2, RF1 1:RF1

Dictyol E 100-10:T 100-25:T
1:RF1 10-1:RF1

Dictyol B acetate 100-10:T 100-50:T
1:RF1 25-1:RF1

Isopachydictyolal 100-10:T 100:T/2
1:RF1

Dictyoxide 100-50:N 100:T
100-10:T 50:T/2
1:RF1 50-1:RF1

T =cell monolayer disrupted (complete lysis of cells, cell death);
T/2=cell monolayer affected (complete growth stop); T/4=cell
monolayer intact (cell growth and/or morphology affected); N = pre-
cipitation of substance(s) in growth medium; RF =titer reduction
factor.

#Range of tested concentrations in pg/ml (e.g. 100-25 pg/ml).

2.2. Antiviral activity

The isolated metabolites were tested but they did not
exhibit significant antiviral activity against Poliomyelitis
virus I and Herpes simplex virus I in concentrations
lower than their maximal non-toxic dose (MNTD) and
proved to be toxic for Vero cells in different dilutions.
Every concentration was tested in duplicate and the
highest assayed concentration was 100 pg/ml. The
MNTD for the metabolite 1 was found to be 10 pg/ml
(see Table 1).

3. Experimental
3.1. General

'H and '*C NMR spectra were recorded using Bruker
AC 200MHz and DRX 400MHz spectrometers.
Chemical shifts are given in § (ppm) scale using TMS as
internal standard. High-resolution FAB mass spectral
data were recorded on a JEOL AX505HA mass selective
detector and were provided by the University of Notre
Dame, Department of Chemistry and Biochemistry,
Notre Dame, Indiana. Low-resolution EI mass spectral
data were recorded on a HP 5890 mass selective detec-
tor. Column chromatography was performed with Kie-
selgel 60 and 60H (Merck). HPLC was conducted using
a Cecil 1100 Series model, equipped with a refractive
index detector RI GBC LC 1240 and a Spherisorb
HPLC normal phase column, 25 ¢cm x 10 mm, S10W,
64340 plates/meter, and an Agilent 1100 Series model,
equipped with a refractive index detector and a Supelco
SPLC-Si normal phase column, 5 um, 25 cm x 10 mm.
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TLCs were performed with Kieselgel 60 F,s4 aluminum
support plates (Merck). For IR spectrometry a FTIR
Perkin—Elmer model Paragon 500 was used. Optical
rotation measurements were performed in a Polarimeter
341, Perkin—Elmer (¢ = 20 °C). UV spectra were deter-
mined in spectroscopic grade C¢H 4 on a Shimadzu UV-
160A spectrophotometer.

3.2. Plant material

D. dichotoma was collected at Saronicos gulf in the
Aegean Sea, Greece, at a depth of 10 m, in December of
1999. A voucher specimen is kept at the Herbarium of
the Pharmacognosy Laboratory, University of Athens
(ATPH/MO/147). D. linearis, collected from shallow
habitats (1-5 m depth) in the south shores of Chios is-
land (Vroulidia), Greece, in May of 2000, was kept
frozen until analyzed. Specimens are deposited in the
herbarium of the Laboratory of Pharmacognosy and
Chemistry of Natural Products (ATPH/MO/215).

3.3. Extraction and separation

D. dichotoma was initially freeze dried (219.0 g dry
weight) and then exhaustively extracted with mixtures of
CH,Cl,-MeOH (3/1) at room temperature. The organic
extract (18.5 g) after evaporation of the solvents, was
subjected to vacuum column chromatography (VCC) on
silica gel. A total of 14 fractions were eluted with cy-
clohexane-EtOAc mixtures of increasing polarity.
Combined fractions A1-A2 were further subjected to
normal phase HPLC chromatography, to yield pure
bicyclosesquiphellandrene (11.5 mg), germacrene D (8.9
mg), dictyoxide (2.1 mg), pachydictyol A (14.9 mg),
isopachydictyol A (4.1 mg) and axenol (5.9 mg). Further
chromatographic separations (VCC) of the combined
fractions A3-A4 over silica gel yielded 11 fractions,
eluted with cyclohexane-EtOAc mixtures of increasing
polarity. Fractions B3 and B6 were identified as acetyl-
dictyolal (10 mg) and dictyol B acetate (11.3 mg), re-
spectively. Combined fractions B8-B9 were further
subjected to normal phase HPLC chromatography, to
yield natural product isopachydictyolal (3.5 mg), 10-
acetoxy-18-hydroxy-2,7-dolabelladiene (6.8 mg), dictyol
E (14.3 mg) and fucosterol (11.9 mg). Combined frac-
tions A3-A4 further purified by VCC over silica gel,
yielded 11 fractions, eluted with cyclohexane-EtOAc
mixtures of increasing polarity. Combined fractions C8—
C9 were further subjected to normal phase HPLC
chromatography, to yield pure acetoxycrenulide (1.9
mg), hydroxyacetyldictyolal (3.9 mg) and isodictyo-
hemiacetal (3.6 mg). Combined fractions C10-C11 were
further subjected to normal phase HPLC chromatog-
raphy, to yield pure dictyol A (17.6 mg), dictyol B
(8.7 mg), dictyol C (5.2 mg) and hydroxycrenulide
(2.1 mg).

D. linearis was initially freeze dried (415.0 g dry
weight) and then exhaustively extracted at room tem-
perature with mixtures of CH,Cl,—MeOH (3/1). Part of
the organic extract (10 g) after evaporation of the sol-
vents, was subjected to VCC on silica gel using cyclo-
hexane-EtOAc¢ mixtures of increasing polarity, and
finally MeOH, to yield 15 fractions. Fraction 2 was
further chromatographed on a silica gel column using
cyclohexane-EtOAc mixtures of increasing polarity, to
yield 8 fractions. Fraction 2-2 was once more subjected
to VCC on silica gel and yielded 8 fractions, eluted with
cyclohexane-EtOAc mixtures of increasing polarity.
Fraction 2-2-2 was further purified by normal phase
HPLC column chromatography, to yield dictyoxide (1.3
mg), isopachydictyol A (2.4 mg), pachydictyol A (3.0
mg) and vitamin E (1.5 mg). Fraction 2-2-3 was further
purified by normal phase HPLC column chromatogra-
phy, to yield acetal a (7.4 mg). Fraction 2-2-4 was
subjected to normal phase HPLC column chromatog-
raphy, to yield dictyodial (1.3 mg). Fraction 2-5 was
subjected to normal phase HPLC to afford acetal b (8.9
mg), 18-hydroxy-2,7-dolabelladiene (16.2 mg) and neo-
dictyolactone (4.3 mg). Fraction 2-6 was further puri-
fied by normal phase HPLC column chromatography,
to yield acetylsanadaol (3.2 mg) and acetyldictyolal
(12.3 mg). Fraction 2-7 was subjected to normal phase
HPLC column chromatography, to yield 10-acetoxy-18-
hydroxy-2,7-dolabelladiene (3.7 mg) and dictyol E 91.6
mg). Fraction 8 was further chromatographed on a silica
gel column and yielded 16 fractions. Combined fractions
8-5 and 8-6 were further purified by normal phase
HPLC column chromatography, to yield dictyol C (8.5
mg). Combined fractions 8-7, 8-8 and 8-9 were identi-
fied as 10,18-dihydroxy-2,7-dolabelladiene (15.2 mg).
Further chromatographic separations (VCC) of fraction
9 over silica gel yielded 13 fractions. Combined fractions
9-2, 9-3 and 9-4 were further purified by normal phase
HPLC column chromatography, to yield 4a-acety-
Idictyodial (3.3 mg).

3.4. Isopachydictyolal (1)

Colorless oil; [rx]%): —85.5° (¢ 0.30, CH,Cl,); UV (n-
hexane): Amaxnm log(e) =206 (3.01), 228 (3.05); IR
(CHCly): vimax = 3606, 2927, 1685, 1435, 1288 cm™';
EIMS: m/z (rel. int.) =302 [M]*(74), 284 (20), 217 (88),
173 (62), 148 (84), 91 (81), 41 (100); HRFABMS
m/z =303.2343 [M + 1]+, Caled: for (C20H3102)
303.2325. 'H-NMR (400 MHz, CDCl;): § = 0.97 (3H,
d,J = 6.2 Hz, H-19), 1.20 (1H, m, H-12a), 1.51 (1H, m,
H-12b), 1.55 (1H, m, H-11), 1.58 (3H, s, H-20), 1.59 (1H,
m, H-7), 1.67 (3H, s, H-16), 1.83 (3H, d,J = 1.0 Hz, H-
17), 1.92 (1H, m, H-13a), 2.05 (1H, m, H-13b), 2.05 (1H,
m, H-2a), 2.23 (1H, m, H-8a), 2.52 (1H, dd, J = 10.0,
10.0 Hz, H-5), 2.65 (1H, m, H-8b), 2.81 (1H, m, H-1),
2.95 (1H, m, H-2b), 3.98 (1H, m, H-6), 5.09 (1H, ¢,
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J =172 Hz, H-14), 539 (1H, br s, H-3), 6.78 (1H, dt,
J =175, 2.4 Hz, H-9), 9.35 (1H, 5, H-18); 3C-NMR
(50,3 MHz, CDCLy): & = 16.0 (C-17), 17.5 (C-19), 17.7
(C-20), 25.3 (C-13), 25.7 (C-16), 26.1 (C-8), 33.3 (C-11),
34.6 (C-12), 35.6 (C-2), 40.9 (C-1), 45.7 (C-7), 57.3 (C-5),
73.7 (C-6), 124.4 (C-14), 125.7 (C-3), 132.0 (C-15), 140.7
(C-4), 147.4 (C-10), 156.5 (C-9), 194.6 (C-18).

3.5. 4a-Acetyldictyodial (2)

Colorless oil; [oc]g): —-163.6° (¢ 0.30, CH,Cl,); IR
(CH;CL): vipax = 3068, 2992, 2927, 1735, 1712, 1684,
1430 cm~!; EIMS: m/z (rel. int.) =360 [M]*, 300, 282,
160, 108, 69, 43 (100); HRFABMS m/z=1361.2372
[M + 1]*, Calcd: for (CyH3304) 361.23016. 'H-NMR
(400 MHz, CDCl;): 6=0.92 (3H, d, J = 6.8 Hz, H-17),
1.12 (1H, m, H-11a), 1.25 (1H, m, H-11b), 1.54 (3H, s,
H-15), 1.64 (3H, s, H-16), 1.8 (2H, m, H-12), 1.83 (3H, s,
H-20), 2.01 (3H, s, H-COMe), 2.09 (1H, s, H-3), 2.15
(1H, dd, J = 13.7, 2,7 Hz, H-5p), 2.47 (1H, m, H-10),
2.55 (1H, brd, J = 13.7Hz, H-5x), 3.05 (1H, m, H-8a),
3.38 (1H, ddd, J = 13.7,13.7, 2.1 Hz, H-8b), 3.54 (1H, s,
H-2), 5,0 (1H, m, H-13), 5.28 (1H, s, H-4), 5.33 (1H, d,
J =11.6 Hz, H-7), 6.96 (1H, d, J = 6.5 Hz, H-9), 9.27
(1H, s, H-19), 10.16 (1H, brs, H-18); 3C-NMR (50,3
MHz, CDCls): 6 = 17.6 (¢, C-17), 17.7 (¢, C-15), 19.8 (g,
C-20), 21.2 (g, C-MeCO), 25.6 (g, C-16), 25.8 (¢, C-12),
29.4 (¢, C-8), 32.9 (d, C-10), 38.4 (¢, C-11), 44.9 (¢, C-5),
48.8 (d, C-3), 51.1 (d, C-2),76.2 (d, C-4), 124.2 (d, C-13),
126.5 (d, C-7), 131.7 (s, C-14), 135.9 (s, C-6), 150.1 (s, C-
1), 156.7 (d, C-9), 169.7 (s, C-CO), 194.2 (d, C-19), 203.1
(d, C-18).

3.6. Neodictyolactone (4)

[o]¥: =35° (¢ 0.30, CH,Cl); 'H-NMR (400 MHz,
CDCls): 6=0.75 (1H, m, H-11a), 0.95 (3H, d, J = 6.6
Hz, H-17), 1.12 (1H, m, H-11b), 1.24 (3H, s, H-20), 1.55
(3H, s, H-16), 1.62 (3H, s, H-15), 1.86 (1H, m, H-3), 1.9
(2H, m, H-12), 1.96 (1H, m, H-5a), 1.96 (2H, m, H-8), 2.0
(1H, m, H-10), 2.2 (2H, m, H-4), 2.2 (1H, m, H-5b), 2.27
(2H, m, H-9), 4.54 (1H, d,J = 17.1 Hz H-19a), 4.59 (1H,
d, J =17.1 Hz H-19b), 495 (1H, ¢, J = 7 Hz, H-13),
520 (1H, dd, J = 11.6, 3.5 Hz, H-7); 3C-NMR (50,3
MHz, CDCl;): § = 15.8 (C-20), 17.6 (C-16), 18.0 (C-17),
25.0 (C-12)*, 25.7 (C-8)*, 25.8 (C-15), 28.4 (C-9), 32.1
(C-4), 33.0 (C-10), 35.1 (C-11), 40.4 (C-5), 43.0 (C-3),
71.1 (C-19), 123.5 (C-7), 124.7 (C-13), 131.2 (C-14),
133.2 (C-2), 140.1 (C-6), 157.6 (C-1), 174.0 (C-18).

3.7. Acetylsanadaol (5)

[o20: +12.86° (c 0.30, CH,Cl,); 'H-NMR (400 MHz,
CDCly): 6=0.73 3H, d, J = 6.8 Hz, H-17), 0.96 (2H, m,
H-11), 1.14 (2H, m, H-4), 1.4-1.8 (1H, m, H-3), 1.4-1.8
(1H, m, H-10), 1.59 (3H, s, H-16), 1.67 (3H, 5, H-15), 1.97

(2H, m, H-12), 2.05 (3H, s, H-COMe), 2.25 (2H, m, H-5),
2.48 (1H, dd,J = 21.2, 3.4 Hz, H-8a), 2.81 (1H, m, H-8b),
3.06 (1H, m, H-7), 3.22 (1H, brd, J = 4.8 Hz, H-2), 4.75
(2H, d,J = 8.2 Hz, H-20) 4.84 (1H, ¢, J = 4.8 Hz, H-18),
5.12 (1H, ¢, H-13), 6.80 (1H, ¢, (J = 3.8 Hz, H-9), 9.44
(1H, s, H-19); BC-NMR (50,3 MHz, CDCl3): 6=17.4
(C-17), 17.6 (C-16), 21.3 (C-Me), 24.5 (C-11), 25.2 (C-
12), 25.7 (C-15), 30.4 (C-5), 32.7 (C-8), 35.8 (C-10), 35.9
(C-4), 37.2 (C-2), 39.5 (C-3), 42.3 (C-7), 72.4 (C-18),
115.4 (C-20), 125.1 (C-13), 131.0 (C-14), 143.2 (C-6),
146.9 (C-1), 150.4 (C-9), 169.0 (C—-CO), 192.5 (C-19).

3.8. Antiviral activity

The antiviral activity was observed as inhibition of
cytopathic effects on a VERO cell monolayer infected
with a virus, using the end-point titration method as
described by Vanden Berghe and Vlietinck (Vanden
Berghe and Vlietinck, 1991). Herpes simplex virus I
(HSVI) and Poliomyelitis virus I were subcultures of
ATCC isolates and were used as test viruses. Results are
expressed at MNTD as a reduction factor (RF), i.e., the
ratio between the virus titer of control and sample di-
lution. Acyclovir and 3-methylquercetin were used as
positive controls for anti-HSV-1 (RF of 10* at a MNTD
of 0.1 pg/ml) and anti-polio-1 activity (RF of 107 at a
MNTD of 5 pg/ml), respectively.
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