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Chemical Constituents of the Deep Reef Caribbean Sponges Plakortis angulospiculatus and
Plakortis halichondrioides and Their Anti-inflammatory Activities
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Chemical investigations of two collections of the deep reef Caribbean sponge Plakortis angulospiculatus resulted in the
isolation of a new compound (1) along with the known compound spiculoic acid B (2) belonging to the spiculoic acid
class and four other new compounds (3—6) belonging to the zyggomphic acid class. Three new aromatic compounds
(7—9) were isolated from the Caribbean sponge Plakortis halichondrioides. The structural determination of the compounds
was based on extensive NMR and mass spectroscopic analysis. The isolated compounds 1—7 were tested for their
anti-inflammatory activity using in vitro assays for inhibition of inducible nitric oxide synthase and nuclear factor kappa
B (NF«B) activity, as well as inhibition of intracellular reactive oxygen species generation as a result of oxidative
stress. The cytotoxicity of these compounds was also evaluated to determine the selectivity index of their bioactivity
with respect to cytotoxicity. Compounds 1 and 4 were more potent than the positive control in inhibiting NF«B activity

and had ICs, values of 0.47 and 2.28 uM, respectively.

Marine sponges continue to attract attention as a source of
structurally diverse secondary metabolites. Sponges belonging to
the family Plakinidae are known to be rich sources of polyketides,’
cyclic peroxides,” peroxylactones,” and aliphatic peroxy esters.*
Sponges of the genus Plakortis have proven to be a prolific source
of polyketides, formed by the combination of acetyl-, propionyl-,
and/or butyryl-CoA units.” A new family of polyketides with an
uncommon spiculane skeleton was described from the Caribbean
sponge Plakortis angulospiculatus by Andersen et al.® Later,
zyggomphic and nor-zyggomphic acids were reported from the
sponge Plakortis zyggompha.” Cyclic peroxides are the common
constituents of the sponge Plakortis halichondrioides, but aromatic
compounds were also previously reported.®

The diversity of reef-building corals decreases with depth and
light, whereas many sponges increase in abundance on reefs from
shallow to deeper depths.” The transition between shallow and deep
reef coral communities in the tropics is characterized by reduced
light and consequently less photosynthesis. As part of our ongoing
studies on chemistry of deep reef sponges, and to compare their
secondary metabolites to shallow reef sponges, we investigated the
chemical constituents of CH,Cl,—MeOH (1:1) extracts of the
sponges P. angulospiculatus and P. halichondrioides collected from
the Bahamas and Cayman Islands and also evaluated their biological
activities. Herein we report the isolation and structure elucidation
of the polyketides 1—6 and aromatic constituents 7—9 along with
the anti-inflammatory activities of compounds 1—7.

Results and Discussion

The CH,Cl,—MeOH extract of the freeze-dried sponge P.
angulospiculatus collected from a depth of 61.6 m from Bock Wall,
Bahamas, was subjected to C;g flash chromatography followed by
RP HPLC to yield the new compound 24-nor-spiculoic acid B (1)
and the known compound spiculoic acid B (2).

Compound 1 was obtained as an optically active white solid with
molecular formula Cy5H3,0, as determined by HRESIMS {[M —
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16 23-nor-spiculoic acid B (1) R4 =Me
spiculoic acid B (2) Ry = Et

zyggomphic acid B (3) Me Et
27-nor-zyggomphic acid B (4) Me Me
22-nor-zyggomphic acid B (5) H Et

22,27-dinor-zyggomphic acid B (6) H Me

H]™ at m/z 363.2340}, indicating 10 degrees of unsaturation.
Interpretation of the 'H—'H COSY, HSQC, and HMBC experiments
identified a carbonyl resonance (d¢ 180.8, C-11), one monosub-
stituted phenyl group (6c 137.8, C-14; 126.3, C-15/19; 128.4, C-16/
18; 126.9, C-17), one disubstituted trans double bond [d¢ 136.6,
C-12; 131.7, C-13; 01 5.95 (1H, d, J = 15.8 Hz, H-12); 6.33 (1H,
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Table 1. 'H and '3C NMR Spectroscopic Data for Compound 1
in CDCl;

C# 6c, mult. (SH (./ in HZ)
1 49.9,C
2 49.8,C
3 123.5, CH 5.15,brs
4 135.6,C
5 53.2,CH 1.86, m
6 39.6, CH 2.36, m
7 132.2, CH 5.32,brs
8 147.2,C
9 51.8, CH 3.09,d (11.6)
10 14.7, CH; 1.22,s
11 180.8, C
12 136.6, CH 5.95,d (15.8)
13 131.7, CH 6.33,d (15.8)
14 137.8,C
15/19 126.3, CH 7.35, m
16/18 128.4, CH 727, m
17 126.9, CH 7.18, m
20 27.0, CH, 1.64,m 1.85 m
21 9.1, CH; 0.88,t(7.4)
22 22.6, CH; 1.95,s
23
24 20.2, CH; 1.27,d (6.8)
25 22.3, CH, 1.86, m 2.05, m

d, J = 15.8 Hz, H-13)], and two trisubstituted double bonds [O¢
123.5, C-3; 135.6, C-4; oy 5.15 (1H, br s, H-3); oc 132.2, C-7;
147.2, C-8; Oy 5.32 (1H, br s, H-7)]. Comparison of 'H and '*C
NMR spectroscopic data of compound 1 (Table 1) with those for
spiculoic acid B (2) immediately identified it to be similar to the
spiculoic acid class of polyketides.® DEPT 135, '*C NMR, and mass
spectrometric analysis indicated lack of a methylene group in
comparison to 2. The '"H NMR spectrum indicated the presence of
an olefinic methyl singlet at oy 1.95 (3H, s) and the absence of an
ethyl group in comparison to spiculoic acid B. The position of the
methyl group could be on either C-4 or C-8. HMBC, COSY, and
HSQC correlations were analyzed, and HMBC correlations ob-
served from H3-22/C-3, C-5 fixed the position of the methyl group
on C-4 rather than on C-8. Thus the structure of compound 1 was
established as 23-nor-spiculoic acid B. Compound 2 was isolated
as an optically active pale yellow solid and had the molecular
formula C;6H340,. Comparison of the spectroscopic data with the
literature values® readily identified compound 2 as spiculoic acid
B. NOESY correlations confirmed the relative configurations of
compounds 1 and 2.

Another sample of the sponge P. angulospiculatus was collected
from a depth of 57.9 m on Little Cayman Islands. The
CH,Cl,—MeOH extract of the freeze-dried sample was subjected
to a series of reversed-phase HPLC to afford four new compounds,
3—6. Compound 3, which was isolated as an optically active
colorless solid, had a molecular formula of Cy;H340,, deduced by
HRESIMS {[M — H]™ at m/z 389.2497}, indicating 11 degrees of
unsaturation, one more than the spiculoic acids. Twenty-seven
resonances (6 xC; 14xCH; 1xCH,; 6 xCHj3) were observed in the
13C NMR spectrum of 3 (Table 2). The '"H NMR spectrum (Table
3) revealed the presence of five deshielded signals (7.46—7.17 ppm),
which indicated the presence of a monosubstituted phenyl ring. The
UV maximum at 290 nm, which indicated a bathochromic shift,
coupled with three deshielded protons dy 6.67 (1H, d, J = 16.0,
H-15), 7.09 (1H, d, J = 16.0 Hz, H-14), and 5.88 (1H, s, H-12),
suggested the presence of an additional conjugation in the trans-
styryl unit when compared to the spiculoic acids. The deshielded
proton value of the methyl group and a missing proton signal from
the exo conjugated double bond system indicated a methyl
substitution on one of the double bonds. COSY correlations between
H-12/H3-22 and HMBC correlations between H-12/C-22 and H-14/
C-22 confirmed the position of the methyl group at C-13. Also
observed were two trisubstituted double bonds [dc 130.3, C-3;
132.7, C-4; 6y 5.16 (1H, br s, H-3); ¢ 132.4, C-7; 147.7, C-8; O
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Table 2. '3C NMR Spectroscopic Data (100 MHz) of 3—6

C# 3¢ 4 5¢ 6’

1 47.1,C 47.0,C 464, C 49.3,C

2 50.9,C 50.7,C 49.7,C 46.2,C

3 130.3, CH 130.4, CH 128.9, CH 128.3, CH
4 132.7,C 132.7,C 134.0,C 1343, C

5 53.4,CH 53.1, CH 53.1,CH 53.1, CH
6 39.4, CH 39.4, CH 39.8, CH 39.6, CH
7 132.4, CH 135.4,CH 132.4,CH 1352, CH
8 1477, C 138.3,C 147.3,C 141.1,C
9 52.8, CH 52.5,CH 51.9,CH 51.3,CH
10 15.1, CH3 15.1, CH; 15.0, CH3 14.9, CH;
11 1814, C 181.5,C 180.5,C 180.5, C
12 140.0, CH 139.9, CH 141.7, CH 141.6, CH
13 134.0,C 141.5,C 128.8, CH 128.5, CH
14 136.8, CH 136.8, CH 129.6, CH 129.3,CH
15 126.4, CH 126.4, CH 131.6, CH 131.3,CH
16 138.3,C 134.2,C 137.8,C 137.6, C
17721 126.6, CH 126.6, CH 126.4, CH 126.4, CH
18/20 128.6, CH 128.6, CH 128.6, CH 128.5, CH
19 127.0, CH 127.1, CH 127.2,CH 127.1, CH
22 13.2, CH3 13.1, CH;

23 24.8, CH3 24.8, CH; 21.1, CH; 21.2, CH;
24 21.9, CH3 21.8, CH3 22.0, CH3 22.1, CH3
25 20.2, CH3 19.9, CH; 20.2, CH; 20.0, CH3
26 23.0, CH2 16.6, CH; 22.8, CH, 16.2, CH3
27 11.9, CH3 11.8, CH;3

@ Data recorded in C¢Dy. ? Data recorded in CDCl;.

Table 3. 'H NMR Spectroscopic Data (400 MHz) of Com-
pounds 3—6

C# 3 4¢ 54 6’

1

2

3 5.16,brs 5.12,brs 4.89,brs 4.70, br s

4

5 2.06, m 2.07, m 2.04, m 1.88, m

6 2.47, m 2.39, m 2.46, m 2.36, m

7 5.40,s 5.36, s 543,s 5.32,brs

8

9 3.53,d(11.6) 3.47,d(11.2) 3.50,d(11.3) 3.06,d(11.6)

10 1.34,s 1.34,s 1.34,s 1.16, s

11

12 5.88,s 5.82,s 6.13,d (15.4) 5.83,d(15.6)

13 6.42, dd 6.14, dd
(15.4,10.4) (15.6, 10.4)

14 7.09,d (16.0) 6.92,d(16.0) 6.98,dd 6.74, dd
(15.4,10.4) (15.6, 10.4)

15 6.67,d (16.0) 6.64,d (16.0) 6.54,d(154) 6.48,d (15.6)

16

17/21  7.46, m 7.47, m 7.39, m 7.37, m

18/20  7.28, m 7.20, m 7.25, m 7.35, m

19 7.17, m 7.16, m 7.14, m 7.19, m

22 2.17,s 2.14,s

23 1.43,s 1.45,s 1.34,s 1.16, s

24 1.83,s 1.81,s 1.86, s 1.80, s

25 1.27,d (6.8) 1.23,d (6.8) 1.26,d (6.4) 1.21,d (6.8)

26 2.06,2.47, m 1.85,s 204,244, m 1.62,s

27 1.09, t (7.0) 1.13,t(7.2)

@ Data recorded in C¢Dy. ? Data recorded in CDCl;.
5.40 (1H, s, H-7)] and a carboxylic group at dc 181.4 (C-11).
Comparison of the spectroscopic data with literature values indicated
that compound 3 belonged to the indane-type polyketide class of
compounds, of which the zyggomphic acids were previously
reported.” The spectroscopic data were similar to those of zyg-
gomphic acids in which the ethyl groups on C-1, -2, and -13 were
replaced by methyl groups. However the *C spectrum of 3 was
also missing the ketone carbonyl resonance present in zyggomphic
acid. Instead it contained two additional olefinic resonances at O¢
132.4 (C-7) and 147.7 (C-8). Analysis of the COSY, HMQC, and
HMBC data coupled with MS data indicated the presence of a A73
double bond in place of the C-7 ketone. The relative configuration
of 3 was determined by analysis of NOESY and coupling constant
data. The vicinal coupling constant between H-9 and H-5 was 11.6
Hz, requiring that both the protons are axial, and therefore the ring
junction is trans. NOESY correlations were observed between H-9/
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Table 4. 'H and '3C NMR Spectroscopic Data for Compounds 7—9 in C¢Dg

7 8 9
C# Oc, mult, Oy (J in Hz) Oc, mult, Oy (J in Hz) Oc, mult, Oy (J in Hz)
1 10.3, CH; 1.02,t(7.3) 29.4, CH; 1.74, s 28.1, CH; 1.80, s
2 27.3, CH, 1.56, m 194.4,C 204.8, C
3 80.0, CH 4.05,t(6.7) 125.9, CH 5.74, s 54.3, CH, 2.83,s
4 139.2,C 1545, C 129.3,C
5 130.4, CH 5.34,d (9.6) 200.8, C 133.0, CH 5.14,d (8.8)
6 35.9,CH 2.78, m 134.6,C 35.4,CH 3.20, m
7 83.8, CH 3.76,d 143.0, CH 6.86, s 134.2, CH 6.18, dd (16.0, 6.4)
8 136.2,C 132.3,C 132.9, CH 6.50, d (16.0)
9 132.1, CH 6.01,s 140.0, CH 5.62,d (8.8) 138.1,C
10 131.6,C 36.2, CH 3.24, m 128.5, CH 7.26, m
11 134.2, CH, 5.49,d (9.0) 133.2, CH 6.08, dd (16.0, 6.8) 126.3, CH 7.40, m
12 36.2, CH 3.35,m 128.8, CH 6.43,d (16.0) 127.0, CH 7.16, m
13 134.3, CH 6.25, dd (15.8, 6.6) 137.6,C 128.5, CH 7.26, m
14 128.0, CH 6.54,d (15.8) 126.3, CH 7.44, m 126.3, CH 7.40, m
15 137.9,C 128.5, CH 7.35, m 20.7, CH; 1.17,d (6.8)
16 126.0, CH 7.38, m 127.2,CH 7.27, m 16.3, CH; 1.67,s
17 128.5, CH 7.26, m 128.5, CH 7.35, m
18 127.0, CH 7.15, m 126.3, CH 7.44, m
19 128.5, CH 7.26, m 20.5, CH; 1.12,d (6.8)
20 126.0, CH 7.38, m 16.2, CH; 1.79, s
21 20.9, CH, 1.26. d (6.6) 12.7, CH, 238, s
22 17.0, CH; 1.86, s 22.0, CH; 1.87,s
23 12.5, CH; 1.98, s
24 17.4, CH; 0.93,d (6.6)
25 10.9, CH; 1.85,s

“ Chemical shifts were deduced on the basis of cross-peaks in the COSY and HMQC spectra.

H-6, H-5/CH;-25, and CH;-10/H-5, thus establishing the relative
configuration of compound 3, which is same as the previously
reported compounds.” Thus compound 3 was established as
zyggomphic acid B. The naming was done in analogy with spiculoic
acids A and B.

Compound 4, obtained as an optically active, colorless solid,
had the molecular formula C,cH3,0,, as determined by HRESIMS
{[M — H]™ at m/z 375.2344}, and differed from compound 3 by
one methylene unit (Am = 14 amu). The '3C NMR (Table 2) and
"H NMR data (Table 3) were similar to those of compound 3 except
that there was an additional olefinic methyl group at d¢ 16.6, C-26;
Oy 1.85 (3H, s) and a missing C-8 ethyl group. HMBC correlations
were observed from H-7 and H-9 to C-26, thus positioning the
methyl group on C-8. Thus the structure of compound 4 was
established as 27-nor-zyggomphic acid B.

Compound 5 was isolated as an optically active, colorless solid
with a molecular formula of C,sH3,0,, identical to that of 4, as
indicated by HRESIMS {[M — H]  at m/z 375.2323}. The
spectroscopic data were similar to 3 except for a missing methyl
group, as indicated by the molecular formula and the DEPT 135
spectrum. Analysis of the '*C and '"H NMR spectroscopic data
(Tables 2 and 3) indicated a missing olefinic methyl signal from
the exo conjugated double-bond system. COSY and HMBC
correlations unambiguously established the presence of the conju-
gated styryl system, as indicated by the presence of four deshielded
signals at Oy 6.54 (1H, d, J = 15.4, H-15), 6.98 (1H, dd, J = 15.4,
10.4 Hz, H-14), 6.42 (1H, dd, J = 15.4, 10.4 Hz, H-13), and 6.13
(1H, d, J = 15.4 Hz, H-12). Thus the structure of compound 5 was
established as 22-nor-zyggomphic acid B.

Compound 6, obtained as an optically active, white solid, had a
molecular formula of C5H300,, deduced by HRESIMS {[M — H]™
at m/z 361.2197}. It differed from compound 5 by one methylene
unit (Am = 14 amu). The spectroscopic data were similar to those
for compound 5 except for the absence of a —CH, unit, as indicated
by the DEPT 135 spectrum, and the appearance of a new olefinic
methyl at ¢ 16.2, C-26; oy 1.62 (3H, s, H-26). HMBC correlations
observed from H-7 and H-9 to C-26 confirmed the position of the
methyl group at C-8, thus establishing the structure of compound
6 as 22,27-dinor-zyggomphic acid B. The geometry of the exo
disubstituted double bonds was assigned as E for all compounds
on the basis of the large values of the coupling constants. In the

—"H-"H COSY correlations~_~'H-3C Key HMBC correlations
»_« NOESY correlations

Figure 1. HMBC, COSY, and NOESY correlations of compound 7.

case of compounds 3 and 4, strong NOESY correlations between
H-12/H-14 also required an E configuration for the exo trisubstituted
double bond.

The sponge P. halichondrioides was harvested by hand from
Bock Wall, Bahamas, at a depth of 91.4 m. The CH,Cl,—MeOH
extract of the freeze-dried sponge was subjected to C,g flash column
chromatography followed by normal-phase HPLC, which led to
the isolation of new compounds 7, 8, and 9.

Compound 7 was isolated as an optically active, pale yellow,
viscous oil, and its molecular formula was deduced as C,sH30;
by HRESIMS {[M + Na]* at m/z 391.2629}. An IR absorption at
3385 cm! indicated the presence of a hydroxy functionality.
Analysis of the 'H and '3C NMR spectroscopic data (Table 4) and
the DEPT 135 spectrum revealed the presence of 25 carbon atoms
(6xCHj3, 1 xCH,, 14xCH, and 4 xC). Eight degrees of unsaturation
as required by the molecular formula were attributed to the presence
of the styryl unit and three trisubstituted double bonds. The 'H
and '3C NMR data revealed resonances for two methyl doublets
(6 20.9/1.26, 17.4/0.93), three olefinic methyl singlets (6 1.86/17.0,
1.98/12.5, 1.85/10.9), one ethyl group [0 (1.56, 2H)/27.3, (1.02,
3H)/10.3)], two hydroxylated methines (6 3.76/83.8, 4.05/80.0), a
styryl group [0 (7.38—7.15, SH)/137.9—126.0, 6.54/128.0, 6.25/
134.3], and three olefinic methines (5.49/134.2, 6.01/132.1, 5.34/
130.4). 'H='H COSY and HMQC experiments allowed the
assembly of the C-13/C-11, C-7/C-5, and C-3/C-1. The structure
of compound 7 was further established by key HMBC correlations
(Figure 1) between H-11/C-9, H-9/C-7, H-7/C-5, and H-5/C-3, thus
confirming the positions of the two hydroxy moieties. The terminal
methyl group showed HMBC correlations to C-3, thus placing one
of the hydroxy groups at C-3. NOESY correlations were observed
between H-13/H-11, H-11/H-9, H-9/H-7, and H-5/H-7,6,3, thus



Chemical Constituents of Plakortis Sponges

establishing the E-configurations of the double bonds. Thus the
structure was established as 7.

Compound 8 was obtained as a pale yellow oil, which analyzed
for the molecular formula C»,H,60, by HRESIMS {[M + Na]* at
miz 345.1825}. Analysis of the 'H and '*C NMR data revealed the
presence of a styryl unit and a slight modification in the side chain
pattern compared to 7, in which the hydroxy groups were replaced
by two carbonyl groups. Eight degrees of unsaturation out of 10
required by the molecular formula were attributed to the presence
of the styryl unit and three trisubstituted double bonds. IR
absorptions at 1658 and 1612 ¢cm™! indicated the presence of an
o,f-unsaturated ketone with possible further conjugation, which
was supported by the presence of two carbonyl functionalities (¢
194.4, 200.8), thus satistying the rest of the double-bond equiva-
lents. Evidence for an enone with extended conjugation also came
from the UV absorption at 294 nm. The '"H NMR data (Table 4)
revealed the presence of two conjugated olefinic o,3-methines [0y
6.86 (s), 5.74(s)], three olefinic methyl singlets (dy 1.79, 2.38, 1.87),
and a methyl group (Oy 1.74) attached to a ketone. COSY
correlations were observed between H-9/H-10, H-10/H-11, and
H-11/H-2, thus establishing the major skeletal fragment from C-9
to C-18. HMBC correlations were observed from H-7/C-5,C-21,C-
9, CH;-22/C-5,C-3, and H-3/C-5,C-2,CH;3-22. NOESY correlations
were observed between H-11/H-9, H-9/H-7, and H-3/CH3-22, thus
establishing E-configurations for A!', A% and A® and a Z-
configuration for A* double bonds. Thus the structure of the new
compound was established as 8.

Compound 9 was obtained as a colorless oil, and the molecular
formula was established as C;sHO by HRESIMS {[M + Na]™ at
mlz 251.1406}. Analysis of the 'H and '*C NMR data revealed the
presence of a styryl unit, a —CH, (0 54.3/2.83), and a ketone
functionality at Oc 204.8. COSY correlations were observed between
H-8/H-7, H-7/H-6, and H-6/H-5. Key HMBC correlations were
observed between H-7/C-5, CHs-15, H-5/C-3, CH3-15, CH;-16, H-3/
C-16, and H-1/C-2. The skeletal fragment C-4 to C-14 was similar
to that of 7. A NOESY correlation between H-5/H-3 and the large
coupling constant value between H-7/H-8 established the E-
configuration of the double bonds. Thus the structure was estab-
lished as 9. All of these compounds were unstable when the
spectroscopic data were acquired in slightly acidic media such as
CDCl;, which was attributed to a slow polymerization process,
which is a quite common phenomenon for styryl derivatives. They
were quite stable, however, when the spectroscopic data were
measured in dg-benzene.

The isolated compounds 1—7 were tested in a series of in vitro
cell-based assays for their effects on selected targets involved in
the process of inflammation. Inflammation and oxidative stress are
known to be linked to the development of many disorders such as
cancer, organ damage, and neurodegenerative conditions. The NFxB
family of transcription factors plays a key role in inflammation,
cell cycle regulation, apoptosis, and oncogenesis by controlling gene
network expression.'®!'!" The activation of NF«B involves many
cellular processes leading to inflammation and development of
cancer.'*'? In the assay for NF«B activity, a luciferase construct
with binding sites for specificity protein (SP-1) was used as a control
because this transcription factor is relatively unresponsive to
inflammatory mediators. Inducible nitric oxide synthase (iNOS)
plays a key role in regulation of blood pressure, the immune system,
infection, and inflammation.'* Overproduction of nitric oxide (NO)
by iNOS has been implicated in various pathological processes such
as septic shock, inflammation, rheumatoid arthritis, cancer, and
tissue damage.'>'® The NO response is caused mainly by endot-
oxins and proinflammatory mediators. Thus an iNOS inhibitor could
be considered a potential anti-inflammatory agent. A strong
inhibition of the activity of NFxB in SW1353 cells was observed
for compounds 1 and 4 (Table 5) with ICs, values of 0.47 and 2.28
uM, respectively. Other compounds inhibited the NF«B activity to
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Table 5. Inhibition of Inducible Nitric Oxide Synthase (iNOS)
and Nuclear Factor Kappa B (NFxkB) Activities of Compounds
1-7

compound iNOS ICsy (uM) NF«B ICsy (uM)
1 54.9 0.47

2 NA 27.2

3 >64.1 25.8

4 18.6 2.28

5 19.9 NA

6 30.4 27.9

7 64.1 25.6
L-NMMA“ >100.8

parthenolide 33

“L-NMMA, N°monomethyl-L-arginine acetate (iNOS selective
inhibitor). NA = not active.
a much lesser extent, and their ICsy values were in the range 25—28
uM. Compound 5 was inactive. None of the compounds inhibited
the activity of SP-1 up to the highest concentration tested, indicating
that they did not have any cytotoxicity or nonspecific inhibition of
transcription mediated by control plasmid. Inhibition of lipopolysac-
charide (LPS)-induced nitric oxide synthase activity in RAW 264.7
cells was determined (Table 5) by measuring the decrease in nitrite
production in cells treated with compounds 1—7 in comparison to
untreated vehicle controls. Compounds 4 and 5 were more active
than compound 6. Compounds 1 and 7 were moderately active,
while compound 2 was inactive. Inhibition of iNOS activity in LPS-
induced RAW 264.7 cells indicates a protective effect against
inflammation. Compounds 8 and 9 were not tested in the above
assays due to their limited amounts, and they decomposed in CDCl;
and could not be reisolated due to lack of starting material. The
effect on the production of reactive oxygen species (ROS) as a
result of oxidative stress in PMA-treated HL-60 cells was examined
to determine the antioxidant activity of these compounds. None of
the compounds showed any inhibition of ROS generation, indicating
no antioxidant effect. No cytotoxicity was observed toward RAW
264.7 and HL-60 cells up to the highest tested concentration (25
ug/mL) in the iNOS and antioxidant assays. In addition, no effect
was seen on the growth of solid tumor cell lines and kidney
epithelial and kidney fibroblast cells, ruling out the possibility of
any anti-cell proliferation activity of these compounds. Evaluation
of the biological activity of these compounds in the present study
establishes their potential as anti-inflammatory agents. In conclusion,
the deep reef sponges are potential sources of bioactive metabolites,
and our future studies will also focus on the ecological significance
of these compounds.

Experimental Section

General Experimental Procedures. Optical rotations were measured
using a JASCO DIP-370 digital polarimeter. UV spectra were recorded
on a Hewlett-Packard 8452A diode array spectrometer. IR spectra were
recorded on an ATI Mattson Genesis series FTIR spectrometer. NMR
spectra were measured on a Bruker Advance DRX-400 spectrometer.
'H and *C NMR spectra were measured and reported in ppm by using
the benzene-ds solvent peak (Oy 7.16 and Oc 128.3) as an internal
standard. ESI-FTMS analyses were measured on a Bruker Magnex
BioAPEX 30es ion cyclotron HR HPLC-FT spectrometer by direct
injection into an electrospray interface. HPLC was carried out on a Waters
2695 model system. Reversed-phase HPLC separations were performed
using a preparative column (Phenomenex, Luna, Cg(2), 10 um, 250 x
21.2 mm; flow rate, 10 mL/min; Phenomenex PhenylHexyl, 5 um, 250 x
10 mm; flow rate, 3 mL/min; detector wavelength, 254 nm).

Animal Material. The sponge Plakortis angulospiculatus (KY 10507006)
was collected by mixed gas scuba at a depth of 57.9 m from Rock
Bottom Wall, Little Cayman Island. The sponges P. angulospiculatus
(BA10704007) and Plakortis halichondrioides (BA10704008) were
collected by mixed gas scuba from Bock wall, Exuma Cays, Bahamas,
at depths of 61.6 and 91.4 m, respectively. Voucher specimens of the
samples were deposited at the NOAA-NIUST Ocean Biotechnology
Center and Repository, Oxford, MS.

Taxonomic Identification. Even though there exists phenotypic
plasticity in Plakortis species, external morphological characters are
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sufficient to distinguish most of the species as indicated below. In the
literature, there are three recognized species or major morphotypes of
Plakortis in the Caribbean.'” P. angulospiculatus (Carter, 1882) is a
smooth massive encrusting sponge, brown to gray in external color,
light internal color, with large (1—2 cm) oscules, with relatively large
diods, (100—180) x (2—6) um, and no triods. P. halichondrioides
(Wilson, 1902) is a thin to thick encrusting sponge, brown externally
and internally with large diods, (120—180) x (2—7) um, and triods.
Plakortis zyggompha (De Laubenfels, 1936) is a thick encrusting
greenish sponge internally and externally with diods present in a shorter
length range, (35—110) x (2—4) um, and with triods (rays 20—55 um).

Extraction and Isolation. Freeze-dried material of the sponge P.
angulospiculatus (BA10704007) was extracted by ASE (accelerated
solvent extraction) using 1:1 CH,Cl,—MeOH to yield 1.15 g of the
extract, which was subjected to C;g flash column chromatography using
H,0O and MeOH mixtures. The fraction eluted with 100% MeOH was
further subjected to RP HPLC (Phenomenex, Luna, Cg (2), 250 x
21.2 mm, 10 um) with a gradient solvent system using H,O and CH;CN
(0—35 min; 80—100% CH3;CN) to yield new compound 23-nor-
spiculoic acid B (1, 5.2 mg) and the known spiculoic acid B (2, 6.2
mg) with elution times of 35.3 and 37.8 min, respectively. The freeze-
dried material of the sponge P. angulospiculatus (KY10507006), 4.875
g, was extracted by ASE with 1:1 CH,Cl,—MeOH to give 501.5 mg
of the extract. The extract was subjected to RP HPLC (Phenomenex,
Luna, Cig (2), 250 x 21.2 mm, 10 um) using a gradient (80:20
CH3CN—H,0 to 100% CH;CN over 20 min; 100% CH;CN over 40
min) to give six peaks. Peaks 3 and 5, eluted at 21.2 and 25.4 min,
were identified as compounds 22,27-dinor-zyggomphic acid B (6, 5.6
mg) and zyggomphic acid B (3, 3.4 mg), respectively, while peak 4,
which eluted at 23.3 min, was a mixture of two compounds, which
was further separated on a PhenylHexyl column (Phenomenex, Luna,
250 x 10 mm, 5 um) using an isocratic elution with 34:66
H>O—CH;CN to yield the compounds 22-nor-zyggomphic acid B (S,
2.3 mg) and 27-nor-zyggomphic acid B (4, 2.2 mg). The extract (1.5
g) of the sponge P. halichondrioides (BA10704008) was subjected to
Cyg flash column chromatography using gradient elution of H,O and
MeOH, and fraction D, which eluted with 100% MeOH, was further
subjected to normal-phase HPLC (Waters Spherisorb, 250 x 20 mm,
10 um) using 100% hexane to 100% EtOAc in 45 min, which afforded
nine peaks. Peak 1 (20.8 min) was identified as compound 9 (1.0 mg),
peak 6 (35.2 min) was identified as compound 8 (1.5 mg), and peak 9
(49.4 min) was identified as compound 7 (3.2 mg).

23-nor-Spiculoic acid B (1): white solid; [a]*p —18 (c 0.23,
CH,Cl,); UV (MeOH) Ay (log €) 251 (3.89) nm; IR (NaCl) vyx 2960,
2924, 2362, 2345, 1693 cm™'; 'H and '3C NMR data, see Table 1;
HRESIMS m/z 363.2340 [M — H]~ (caled for Cy5H3,0,, 363.2324).

Spiculoic acid B (2): white solid; [o]*p —21 (c 0.23, CH,Cl,); [a]p
—22 (¢ 0.1, CH,Cl,);® HRESIMS m/z 377.2484 [M — H] ™ (calcd for
Cy6H330, 377.2481).

Zyggomphic acid B (3): white solid; [a]*p —19 (c 0.15, CH,Cl,);
UV (MeOH) Apnax (log €) 290 (3.51) nm; IR (NaCl) vy 2952, 2944,
2362, 1675 cm™'; 'H and '*C NMR data, see Tables 2 and 3; HRESIMS
mlz 389.2497 [M — H] ™ (calcd for C,7H330,, 389.2480).

27-nor-Zyggomphic acid B (4): colorless solid; [a]*p —19 (c 0.15,
CH,Cl,); UV (MeOH) Ay (log €) 289 (3.45) nm; IR (NaCl) v, 2954,
2945, 2356, 1670 cm™'; 'H and '>*C NMR data, see Tables 2 and 3;
HRESIMS m/z 375.2344 [M — H]™ (caled for Cy6H30,, 375.2324).

22-nor-Zyggomphic acid B (5): colorless solid; [a]*p —17 (¢ 0.15,
CH,Cl,); UV (MeOH) A,y (log €) 290 (3.82) nm; IR (NaCl) vy 2950,
2943, 2360, 1677 cm™'; 'H and '*C NMR data, see Tables 2 and 3;
HRESIMS m/z 375.2323 [M — H]~ (caled for Cy6H3,0,, 375.2324).

22,27-dinor-Zyggomphic acid B (6): white solid; [a]*p —12 (c 0.11,
CH,Cl,); UV (MeOH) Ay (log €) 289 (3.63) nm; IR (NaCl) vy, 2954,
2930, 2360, 1689 cm™'; 'H and *C NMR data, see Tables 2 and 3;
HRESIMS m/z 361.2197 [M — H]™ (calcd for C,5Ha90,, 361.2167).

Compound 7: pale yellow oil; [a]®p +7 (¢ 0.11, CH,Cl,); UV
(MeOH) Apax (log €) 257 (4.24) nm; IR (NaCl) v,,,, 3385, 2961, 2924,
2360, 2358, 1598, 1450 cm™'; 'H and '*C NMR data, see Table 4;
HRESIMS m/z 391.2629 [M + Na] (calcd for C,sH3¢0,Na, 391.2613).

Compound 8: pale yellow oil; [a]*p +20 (c 0.05, CH,Cl,); UV
(MeOH) Ay (log €) 294 (3.18), 254 (3.30) nm; IR (NaCl) v,,x 2928,
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1692, 1658, 1612, 1357, 1188 cm™!; 'H and '>*C NMR data, see Table
4; HRESIMS m/z 345.1825 [M + Na]* (caled for C,H,s0,Na,
345.1830).

Compound 9: colorless oil; [a]®p +58 (¢ 0.05, CH,ClL); UV
(MeOH) Ay (log €) 254 (2.56), 207 (2.58) nm; IR (NaCl) v,,x 2923,
2360, 2341, 1716, 1597, 1457, 1121 cm™!; 'H and '*C NMR data, see
Table 4; HRESIMS m/z 251.1406 [M + Na]* (caled for CigHyONa,
251.1411).

Biological Assays. Inhibition of NF-xB-mediated transcription was
determined in SW 1353 cells by a reporter gene assay as described by
Ma et al.'® using parthenolide as a positive control. Inhibition of iNOS
activity assay'® with L-NMMA as positive control and cytotoxicity
assays® were performed in mouse macrophages (RAW 264.7).
Inhibition of intracellular generation of ROS was assayed in my-
elomonocytic HL-60 cells as described by Reddy et al.>!
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