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Pinnatoxin H was isolated from a culture of the dinoflagellate Vulcanodinium rugosum isolated from the
South China Sea. The structure of pinnatoxin H was elucidated by LC–MS/MS and NMR spectroscopy. It
was found to have the same macrocyclic structure and substituents as pinnatoxins D, E and F, but the side
chain on the cyclohexenyl ring was an ethenyl group, as found in pinnatoxin G and portimine. The obser-
vation that this strain of V. rugosum produced only pinnatoxin H and portimine is consistent with previ-
ous findings that the profile of pinnatoxins can vary significantly among strains. The acute toxicity of
pinnatoxin H to mice was 67 lg/kg (intraperitoneal) and 163 lg/kg (gavage).

� 2014 Elsevier Ltd. All rights reserved.
The toxin profile of Vulcanodinium rugosum varies among
strains.1 This dinoflagellate species produces pinnatoxins E (2), F
(3) and G (4) and another cyclic imine, portimine (5).2 Initial
LC–MS screening of a V. rugosum strain isolated from the South
China Sea indicated that it produced 5, but no known pinnatoxins.
However, further LC–MS scanning experiments revealed the pres-
ence of a new pinnatoxin analogue.3 In this Letter we report the
isolation and structural elucidation of pinnatoxin H (1), and its
acute toxicity to mice.

A clonal isolate of Vulcanodinium rugosum (Cawthron Institute
Culture Collection of Micro-Algae, isolate CAWD198), collected
from the South China Sea3 was cultured at 25 �C, 100 lmol m�2 s�1

photon irradiance (12:12 h L:D), in K medium.4 Batch cultures
were grown in aerated, sterile plastic bags with inserts containing
0.6 M K2CO3/2.4 M KHCO3 in deionised water, as described previ-
ously.5 Cells were harvested from 16 L of culture and the wet cells
extracted twice with methanol. The combined extract was diluted
1:1 with 30 mM HCl, washed with n-hexane and adjusted to pH 12.
Following partitioning into n-hexane and removal of the solvent,
the residue (60 mg) was dissolved in dichloromethane and sub-
jected to open column chromatography on neutral alumina. The
residue of a dichloromethane/propan-2-ol (97.5:2.5 v/v) fraction
(5.5 mg) was subjected to two stages of solid phase extraction
(silica and Strata-X) to yield 1 as a colourless, amorphous solid
(1 mg) (Fig. 1).

The molecular formula of 1 was established as C43H65NO7 from
the ESI-TOFMS [(M+H)+ observed, 708.4834; required for
C43H66NO7 708.4839; 12 rings plus double bonds]. Key collision-
induced dissociation fragment ions were consistent with those of
2 and 3 but differed from 4. This spectroscopic data suggested that
1 consisted of a pinnatoxin macrocycle containing 21-Me and 22-
OH substituents with an ethenyl side chain at C-33. This ethenyl
substituent is present in 4 and 5, both of which have been isolated
from another strain of Vulcanodinium rugosum.2 The strong UV
absorbance for 1 with kmax 230 nm (e 29,000), is consistent with
the presence of 1,3-diene as found in pinnatoxin G (4).

Structural determination of 1 was performed by NMR spectros-
copy. A detailed analysis of NMR spectral data (600 MHz), includ-
ing 1H, 13C, DEPT135, COSY, TOCSY, ROESY, HSQC, H2BC, HMBC,
1D-SELTOCSY and 1D-SELROESY spectra determined in CD3OD
and 1H, COSY, TOCSY and ROESY spectra determined in CD3OH
with pre-saturation of the HOD peaks verified the presence in 1
of a conjugated ethenyl group (C-32, C-33, C-36 and C-37 signals
at 128.2 ppm, 139.9 ppm, 140.0 and 112.5 ppm, respectively),
together with 27-Me, 22-OH and 21-Me groups (signals at
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Figure 1. Chemical structures of pinnatoxins and portimine.
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22.7 ppm, 69.4 ppm and 18.4 ppm, respectively) (see Table 1 and
Supplementary material). Consideration of ROESY and 1D-SELRO-
ESY data determined in CD3OD and in CD3OH with HOD peak
pre-saturation showed that the relative configurations at C-16,
C-21, C-22, C-27 and C-31, and at all the other asymmetric carbons
of 1 were as previously defined for 2–4, as defined by molecular
modelling results and ROESY and NOESY data for pinnatoxins
E–G.6 Structurally significant ROESY correlations observed for 1
included those between H-31 (3.528 ppm) and H-32 (5.23 ppm),
H-7a (3.28 ppm), H-27 (2.35 ppm), H-28a (2.00 ppm) and H-35a
(1.88 ppm) and between H-22 (3.44 ppm), H-23 (4.14 ppm),
22-OH (4.10 ppm), H-21 (2.10 ppm), H-20a (1.64 ppm) and the
21-methyl group protons (0.96 ppm) (see Supplementary mate-
rial). Given that the absolute configuration of 1 at C-31 is likely
to be same as in all known pinnatoxins, it can therefore be inferred
that the absolute configuration at C-16, C-21, C-22, C-27 and all
other asymmetric carbons of 1, and the preferred solution confir-
mation of the macrocyclic ring are the same as in all other known
pinnatoxins.

No signal attributable to C-6 was observed under the conditions
used to acquire the 13C spectrum of 1; namely, a 70� pulse with a
pulse repetition rate of 2.86 s. This is presumably due to a combina-
tion of this quaternary carbon signal being devoid of an NOE effect
due to its lack of directly attached protons, together with partial
saturation of its signal. This is due to it possessing a long T1 and
broadening and 2JC–C–D coupling (D has I = 1) of any detectable sig-
nal because of a deuterium exchange at C-7 (see HMBC-Accordian
NMR spectra in Supplementary information). A weak correlation
was seen from one of the H-35 protons (that centred at 1.89 ppm)
to a carbon signal at 179.2 ppm. This was previously reported for
pinnatoxin G6 (see Table 1), and can be attributed to C-6. Only
one C-7 methylene proton signal (that centred at 3.28 ppm) was
observed for H-7 in CD3OD, whereas two similar but distinguish-
able H-7 proton signals centred at 3.28 and 3.31 ppm, respectively,
were observed in the HSQC spectrum of 1 determined in CH3OH.
The exchange of a single H-7 proton for a deuterium has been
reported for related compounds when spectra were recorded in
CD3OD.7 Comparison of 13C chemical shifts determined to two dec-
imal places (see Supplementary material), as opposed to commonly
reported one decimal place data (see Table 1) showed that while
most chemical shifts typically varied by less than ±0.03 ppm
between CD3OD and CD3OH solvents, the C-7, C-8, C-14, C-15,
15-Me, C-21 and C-22 chemical shifts in CD3OH differed from those
determined in CD3OD by �0.32, �0.09, �0.04, �0.09, �0.05, �0.04
and �0.09 ppm, respectively. These variations can be attributed to
deuterium exchange at C-7 via an enamine exchange pathway
and –OD (rather than –OH) groups at C-15 and C-22, respectively,
in the presence of CD3OD.

The LD50 value of 1 in mice by intraperitoneal injection was
67 lg/kg (95% CI 63–79 lg/kg) and by gavage was 163 lg/kg
(95% CI 139–175 lg/kg). The symptoms of intoxication by 1 were
closely similar to those recorded with other pinnatoxin deriva-
tives.6,8 At lethal doses, mice became immobile soon after dosing.
Their respiration rates subsequently declined, until respiration
ceased completely. Cyanosis and exophthalmia were noted shortly
before death. Death occurred within 30 min of administration of 1,
whether by injection or by oral administration. Animals surviving
beyond this time made a full recovery, and their appearance and
behaviour throughout the remainder of the observation period
was entirely normal. No abnormalities were recorded at necropsy,
and organ weights were within the normal range. The oral LD50

value of 1 was only 2.4 times that of the LD50 by intraperitoneal
injection. In this respect 1 resembles pinnatoxins 3 and 4, for
which ratios between oral and intraperitoneal injection were 2.0
and 3.1, respectively, rather than 2, which was 48 times less toxic
by gavage than by intraperitoneal injection.8

In conclusion, pinnatoxin H 1 isolated from V. rugosum has close
structural similarities to other pinnatoxins with the same polycyclic
ether and spiroimine core, but a variation in the substituents. It has
similar high acute toxicity to mice as other pinnatoxins, particularly



Table 1
NMR assignments for pinnatoxin H (1) in CD3OD and CD3OH, together with published assignments for pinnatoxins G (4) and E (2)

Atom Pinnatoxin G Pinnatoxin E Pinnatoxin H Pinnatoxin H

CD3OD CD3OD CD3OD CD3OH

13C 1H 13C 1H 13C 1H 13C 1H

1 53.6 3.53, 3.88 52.6 3.56, 4.10 53.3 3.514, 3.90 53.3 3.52, 3.90
2 42.2 1.42 40.7 1.57 41.9 1.42 41.9 1.42
2-Me 20.9 1.22 20.3 1.18 20.8 1.17 20.8 1.17
3 35.1 1.37 35.5 1.30 35.4 1.28 35.4 1.28
3-Me 21.5 0.96 21.7 1.03 21.9 0.95 21.9 0.95
4 37.8 1.79, 1.46 36.5 1.93, 1.66 37.7 1.80, 1.47 37.7 1.80, 1.47
5 51.5 51.9 51.7 51.6
6 179.5 nd 179.2* nd
7 34.5 3.13 35.1 3.53 34.5 3.28 34.8 3.28, 3.31
8 22.7 2.16, 1.45 21.8 2.15, 1.74 22.4 2.17, 1.47 22.5 2.18, 1.47
9 34.5 2.39, 1.66 33.8 1.82, 2.17 34.1 2.34, 1.68 34.1 2.34, 1.67
10 147.9 146.5 147.7 147.7
10-CH2 110.2 4.75, 4.77 111.3 4.81, 4.86 110.3 4.75, 4.77 110.2 4.75, 4.77
11 47.3 2.33, 2.11 46.9 2.25, 2.37 47.3 2.10, 2.33 47.3 2.10, 2.33
12 69.7 4.14 69.5 4.06 69.2 4.06 69.6 4.06
13 29.8 1.64, 1.24 29.8 1.27, 1.64 29.8 1.22, 1.60 29.8 1.22, 1.61
14 35.6 1.95, 1.48 35.5 1,50, 1.90 35.5 1.46, 1.91 35.5 1.47, 1.91
15 71.3 71.1 71.2 71.3
15-Me 22.8 1.21 22.9 1.22 22.9 1.20 22.9 1.20
15-OH 4.47
16 113.6 113.7 113.7 113.7
17 31.5 2.20, 1.78 31.4 2.20, 1.78 31.4 2.19, 1.77 31.4 2.19, 1.77
18 39.1 2.07, 1.83 38.7 2.15, 1.85 38.7 2.14, 1.84 38.7 2.15, 1.85
19 109.9 110.1 110.1 110.1
20 35.9 1.87, 1.53 37.7 1.66 (2H) 37.8 1.64 (2H) 37.8 1.64 (2H)
21 21.6 1.89, 1.62 32.1 2.09 32.0 2.10 32.0 2.10
21-Me 18.3 0.97 18.4 0.96 18.4 0.96
22 32.2 1.75, 1.21 69.4 3.44 69.4 3.44 69.4 3.44
22-OH 4.10
23 71.0 4.15 73.1 4.09 73.1 4.14 73.1 4.14
24 44.8 2.01, 1.90 40.1 2.21, 1.92 39.9 2.20, 1.91 39.9 2.21, 1.91
25 109.3 109.6 109.2 109.2
26 42.5 1.65, 1.59 45.4 1.87, 1.41 45.7 1.85, 1.40 45.7 1.84, 1.39
27 30.8 2.33 26.0 2.29 25.9 2.35 25.9 2.35
27-Me 16.9 1.01 22.7 0.99 22.7 0.97 22.7 0.97
28 67.5 3.73 33.8 2.04, 1.55 33.9 2.00, 1.53 33.9 2.00, 1.53
29 81.9 4.47 77.4 4.62 77.4 4.60 77.4 4.60
30 80.4 3.89 81.1 3.86 81.3 3.86 81.3 3.86
31 45.0 3.43 44.7 3.52 45.5 3.528 45.5 3.52
32 127.9 5.25 121.0 5.21 128.2 5.23 128.2 5.24
33 140.2 144.3 139.9 139.8
34 22.1 2.29 (2H) 21.8 2.26 (2H) 22.1 2.29 (2H) 22.06 2.29 (2H)
35 33.6 1.89, 1.76 34.1 1.82, 1.92 33.7 1.78, 1.88 33.7 1.78, 1.89
36 140.0 6.37 75.7 4.02 140.0 6.37 140.0 6.37
37 112.5 5.17, 5.01 32.1 1.84 112.5 4.99, 5.16 112.5 5.00, 5.15
38 33.7 2.25
39 180.3

* Detected in an HMBC-ACCORDIAN spectrum acquired with 1H decoupling.
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pinnatoxin F and G, and due to its relative oral potency it can be con-
sidered a risk to human health if found in seafood.
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