potassium part of the solution (back-
ground) compared with the potassium
contribution. In fact, the slight differ-
ence between I and G or H in the peak
region and in the height of the shoulder
compared to that of the peak is mainly
due to this difference in background.
Thus spectra G, H, and I provide a mea-
sure of the uniqueness of the purely
aqueous environment. The near-edge
spectrum of hydrated potassium is in-
sensitive to both counterion and potas-
sium concentration.

This uniqueness makes it meaningful
to compare the spectrum of the cells with
that of the aqueous solution. Figure 2
shows magnified spectra in the peak re-
gion, 3608 to 3626 eV. In the blood
sample, more than 95 percent of the po-
tassium ions are intracellular. The intra-
cellular potassium concentration is be-
tween 0.1 and 0.2M. Spectrum A in Fig.
2 is the peak region of J in Fig. 1. The
measuring time for each data point on J
in Fig. 1 was 10 seconds. Spectra B and
C in Fig. 2 are the same spectrum with
better statistics—30 and 50 seconds per
point, respectively. One can see that cer-
tain features of the potassium spectrum
of blood cells are not statistical fluctua-
tions, and that they are qualitatively dif-
ferent from the features of the spectrum
of free potassium at a similar concentra-
tion, D in Fig. 2. In particular, the height
of the low-energy peak at ~ 3610 eV rel-
ative to the broad second peak is quite
different between the two. The broad
peak of the blood cells is shifted to lower
energy and is broader, possibly in-
dicating a greater heterogeneity of the
K* environment than in H,O. Because
the K* environments we examined ap-
pear fairly unique and distinguishable
from one another, we conclude that the
differences represented in Fig. 2 are
characteristic of the complex binding of
K* in these frog blood cells and that, for
potassium, the cell cannot be regarded as
an aqueous solution.
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Seaweed Dermatitis: Structure of Lyngbyatoxin A

Abstract. A highly inflammatory and vesicatory substance, lyngbyatoxin A, has
been isolated from the lipid extract of a Hawaiian shallow-water variety of Lyngbya
majuscula Gomont; its gross structure was determined from chemical and spectral
data. Lyngbyatoxin A is closely related to teleocidin B, a poisonous substance asso-
ciated with several strains of Streptomyces.

The blue-green alga Lyngbya majus-
cula Gomont is responsible for a severe
erythematous, papulovesicular dermati-
tis known as ‘‘swimmers’ itch’’ in Ha-
waii (/, 2). Since all subjects who come
into direct contact with the noxious
strains of this cyanophyte develop ery-
thema, followed by blisters and deep
desquamation, the active principle is a
primary irritant and not an allergen (2,
3). Debromoaplysiatoxin, a poisonous
substance that is present ¢) in a deep-
water variety of L. majuscula from
Enewetak () and in dermatitis-produc-
ing L. majuscula from Laie Bay, Oahu
(6), produces an erythematous pustular
folliculitis in humans (7) and could be the
causative agent of the dermatitis. Not all
strains of toxic L. majuscula, however,
contain debromoaplysiatoxin or its con-
geners. For example, a toxic shallow-wa-
ter variety of L. majuscula from Kahala
Beach, Oahu, contains a different com-
pound, lyngbyatoxin A, which is also a
highly inflammatory and vesicatory
agent. The structure determination of
lyngbyatoxin A, which may represent
the first indole alkaloid from a marine
plant, is the subject of this report.

Freeze-dried L. majuscula from Ka-
hala Beach, Oahu, was extracted succes-
sively with petroleum ether and dichlo-
romethane. Gel filtration of the dichlo-
romethane extract on Sephadex LH-20
@) followed by high-pressure liquid chro-
matography of the toxic fraction on u-
Bondapak-CN with a mixture of hexane
and diisopropyl ether (1:1) gave lyng-
byatoxin A as a tan gummy solid in 0.02
percent yield.

High-resolution mass spectrometry es-
tablished the molecular formula of lyng-
byatoxin A as C,;H3N,0, (found: m/e
437.3019) and the *C nuclear magnetic
resonance (NMR) spectrum (Table 1)

confirmed that 27 carbon atoms were
present in the molecule. The ultraviolet
spectrum of the toxin in ethanol, which
showed bands at 212 (e 18,200), 231
(26,300), 287 (8,900), and 301 nm (9,300),
was typical of an indole. A positive Ehr-
lich test supported the presence of this
moiety and also suggested that the C-2
position of the indole was unsubstituted.
The 'H NMR spectrum (Table 1) (9) in-
dicated that the indole was trisubstituted
as it exhibited a broad singlet at § 8.50
for the indole NH, a broad singlet at
8 6.81 for the C-2 proton, and two sharp
doublets (/ = 8 Hz) at § 6.44 and 6.96
assigned to two vicinal protons on either
C-4 and C-5, C-5 and C-6, or C-6 and
C-7.

Further inspection of the 'H NMR
spectrum revealed doublets at § 0.62 and
0.89 for secondary methyl groups, a dou-
blet at & 4.33 for a methine proton, a
multiplet at & 2.55 for a methine proton
that was strongly coupled to all three sig-
nals at § 0.62, 0.89, and 4.33, and a sin-
glet at § 2.87 for an N-methyl group of an
N-methylvaline unit (b) (/0). The amino
acid, however, could not be liberated on
vigorous acid hydrolysis. The carbonyl
in b had to be connected to a nitrogen
since the *C NMR spectrum had only
one carbonyl carbon signal (§ 174.7) and
the infrared spectrum indicated that it
was in an amide group (1650 cm™!). The
N-13 nitrogen in b was therefore at-
tached to the rest of the molecule by a
bond that could not be cleaved by acid
hydrolysis. This nitrogen also was very
weakly basic as the toxin could not be
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extracted from a chloroform solution in-
to dilute aqueous hydrochloric acid.
Spin-spin decoupling experiments at
360 MHz allowed an expansion of partial
structure b to ¢. The two doublets at

27
f‘/‘
28 10
- 12
C}{3vll\113

8 3.56 and 3.72 were assigned to non-
equivalent protons of a methylene (C-24)
bearing methine and hydroxyl groups.
Coupling between the C-24 protons and
the hydroxyl proton was not observed.
To prove that an OH group was attached
to C-24, the toxin was treated with acetic
anhydride and pyridine. As was ex-
pected, the resulting O-monoacetate ex-
hibited the C-24 proton signals at & 4.00

and 4.14. The two doublets of doublets
at 6 3.05 and 3.11 were assigned to non-
equivalent protons of a methylene (C-8)
that was connected to the same methine
(C-9) as the C-24 methylene. The large
negative geminal coupling constant for
the C-8 protons (J = —17.5 Hz) in-
dicated that the C-8 methylene was at-
tached to a doubly bonded carbon,
which appeared to be C-3 since double
resonance experiments showed a small
coupling of the C-8 protons to the C-2
proton of the indole. The broad band at §
4.32 was ascribed to the C-9 methine,
and this proton also showed coupling to
the amide NH proton (N-10) resonating
at 8§ 7.77.

The '*C NMR spectrum exhibited 12
olefinic carbon signals. Eight of these
were attributed to the indole system,
which meant that lyngbyatoxin A had to
have two additional carbon-carbon
double bonds (a singlet at 6 131.3, dou-
blets at § 148.3 and 124.4, and a triplet at
& 112.1). Catalytic hydrogenation (Pd on
charcoals) of lyngbyatoxin A produced a
tetrahydrotoxin (//) which had the same

Table 1. Nuclear magnetic resonance data for lyngbyatoxin A (8). Abbreviations: s, singlet; d,
doublet; t, triplet; m, multiplet; br, broad; gem, geminal; and J, coupling constant.

chgrzzg;)ln s:l]xi3ft* Assignmentt Proton chemical shift
174.7 (s) 11
148.3 (d) 21 6.15(dd, J 3,00 = 18,J5, 00 = 10HZ)
146.2 (s) 4
137.2 (s) Ta
131.3(s) 18
124.4 (d) 17 5.06 (br, m)
121.4 (s) 3,3a,0or7
120.7 (d) 2 6.81 (br, s)
119.7 (d) 6 6.96 (d, J; s = 8Hz)
118.4 (s) 3,3a,0r7
114.1(s) 3,3a,0r7
112.1(t) 22 5.30 (unresolved ddi, J,, 4, = 18 Hz)
5.26 (unresolved dd, J,, ,» = 10Hz)
106.1 (d) 5 6.44(d, J, 5 = 8Hz)
70.6 (d) 12 4.33(d, Jy205 = 12Hz)
64.7 () 24 3.72 (dd, Jgem = —11.5, Jy»s = 3 Hz)
3.56 (dd, Jyem = —11.5,Jy,5¢ = 8.5H2z)
55.7(d) 9 4.32 (br, s)
43.0(s) 14
38.3 (1) 15 1.89 (td, Jyem = —12,J1506 = 12, J15.16 = 3H2)
1.80 (td, Jgem = — 12, Ji5,1¢ = 12, Jyy ¢ = 3 Hz)
33.7(1 8 3.11(dd, Jyery = —17.5,J59 = 2Hz)
3.05(dd, Juem = —17.5, Jg o = 3.5Hz)
32.9(q) 28 2.87(s)
28.1(d) 25 2.55(m)
25.3(q) 23 1.44 (s)
23.6 (q) 19 1.47 (br, s)
22.6 (1) 16 1.93 (br, m)
1.70 (br, m)
21.5(q) 26 0.89 (d, Jy506.= 6.5Hz)
19.3 (@) 27 0.62 (d, J 5507 = 6.5Hz)
17.2 (@) 20 1.63 (br, s)
1 8.50 (br, s)§
10 7.77 (br, s)||
OH on 24 Not observed

*Relative to CDCl, (76.9 ppm) as solvent.

+Based on proton single frequency off-resonance decoupling

experiments at 90 MHz (carbon-13) and proton spin-spin decoupling experiments at 100 and 360 MHz (pro-

ton). 1 gem NOt determined.
sharper singlet when irradiated at 4.32 ppm.
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§Becomes a sharper singlet when irradiated at 6.81 ppm.

|[Becomes a

ultraviolet spectrum as that of the toxin.
Both double bonds were therefore un-
conjugated. The presence of a vinyl
group was recognized from the diagnos-
tic signals at § 5.26, 5.30, and 6.15 in the
'H NMR spectrum and from bands at 915
and 990 ¢cm™! in the infrared spectrum.
The signal for the vinyl methine proton
showed coupling to only the terminal
methylene protons and thus the vinyl
group had to be connected to the sole
quaternary sp® carbon in the toxin ('*C
singlet at § 43.0). The broad multiplet at
8 5.06 was attributed to the olefinic pro-
ton of a trisubstituted double bond and
double-resonance experiments estab-
lished that this portion was strongly
coupled to nonequivalent protons of an
adjacent methylene (broad multiplet at
5 1.70 and 1.93) and weakly coupled to
two allylic methyl groups (broad singlets
at 6 1.47 and 1.63). The resulting iso-
pent-2-enyl group was attached to a non-
equivalent methylene group (triplets of
doublets at & 1.80 and 1.89) which in turn
was attached to the quaternary carbon
along with the vinyl group and a methyl
group (singlet at 8 1.44). A linalyl group
(d) was therefore present in the toxin. In
the 'H NMR spectrum of the tetrahy-
drotoxin, the C-19 and C-20 methyl
groups resonated as doublets (J = 7 Hz)
at 6 0.74 and 0.76, which both collapsed
simultaneously to singlets on irradiation
of a '"H multiplet (C-18) at § 1.43, and the
ethyl group resonated as a triplet at
6 0.63 (/ = 7 Hz) for the methyl protons
on C-22 and two doublets (Jgem = —14
Hz) of quartets (/ = 7) for the nonequiv-
alent methylene protons on C-21. The
presence of d in the toxin was further
supported by the mass spectrum which
showed fragment ions at m/e 422 and 354
for loss of methyl and isohex-3-enyl
groups from the molecular ion; loss of
the vinyl group, however, was not ob-
served. Similarly the presence of e in tet-
rahydrolyngbyatoxin A was supported
by fragment ions at 426, 412, and 356 for
loss of methyl, ethyl, and isohexyl
groups from the molecular ion (/2).
22

L A

d e

290

1 16 >
X 5

19 17

From these data we have concluded
that lyngbyatoxin A has structure 1.
Placement of the linalyl group at C-7
rather than at C-5 is more compatible
with the chemical shifts for the two vic-
inal aromatic protons (8). The gross
structure is closely related to that of tele-
ocidin B (2), a toxic substance found in
the mycelia of several strains of Strepto-
myces (I13). The stereochemistry and ab-
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solute configuration of 2 has been estab-
lished by an x-ray crystallographic study
of dihydroteleocidin B monoacetate (/4).
The similarity of the optical rotations of
1, [alp — 171° (¢ 1.8, CHCl,), and 2
[odp — 132° (¢ 0.4, CH,OH) (/3)—and the
circular dichroism (CD) curves of tetra-
hydrolyngbyatoxin A: [0ls100m —22,700,
['9]223 '47,900, [0]235 _23’70()’ [0]239
—30,200, [0]s4; —25,200, [0y —27,700,
[0140; O (inflection), [0]4,; +7,100; and of
dihydroteleocidin B: [0lyp50m — 15,600,
[0]225 -5l ,900, [9234 _26,000» [0]240
—41,500, [0)psr —31,100, [0]s6; —33,700,
[0]500 O, [0]3:2 +7,800; in methanol in-
dicates that the two toxins have the same
stereochemistry and absolute configura-
tion in the nine-membered ring.

At this time we do not know whether 1
is a metabolite of L. majuscula or a mi-
croorganism associated with the cy-
anophyte. Both 2 and dihydroteleocidin
B have also been reported to produce in-
tense irritation on rabbit skin (/5), and
severe irritation and eruptive vesications
on human skin (/6).

Both 1 and 2 have the same toxicities.
The minimum lethal dose (LD,,,) of 1 in
mice is about 0.3 mg/kg by intra-
peritoneal injection, which is com-
parable to the 1.Dy, reported for 2 in
mice, 0.22 mg/kg by intravenous injec-
tion (/4). Tetrahydrolyngbyatoxin A and
dihydroteleocidin B also have essentially
the same acute toxicitiesas 1 and 2 (/7).

Lyngbyatoxin A is very toxic to Poe-
cilia vittata (baitfish), killing all fish with-
in 30 minutes at a concentration in sea-
water of 0.15 ug/ml. Teleocidin B and
dihydroteleocidin B are also highly tox-
ic to fish and have been reported to
cause the death of Oryzias lapites (Japa-
nese killifish) within 1 hour at 0.01 ug/ml
U5).
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Ingested Mineral Fibers: Elimination in Human Urine

Abstract. Sediment in human urine examined by transmission electron microscopy
contains amphibole fibers which originate from the ingestion of drinking water con-
taminated with these mineral fibers. The ingestion of filtered water results in the
eventual disappearance of amphibole fibers from urine. These observations provide
the first direct evidence for the passage of mineral fibers through the human gastro-
intestinal mucosa under normal conditions of the alimentary canal.

A key question in the evaluation of the
possible human cancer risk associated
with the ingestion of asbestos and other
durable fibers in water, beverages, and
food is whether microscopic fibers under
normal conditions of the alimentary ca-
nal can migrate through the gastrointesti-
nal mucosa (/). Such movement of fibers
could lead to their incorporation into the
bowel wall or, after hematogenous or
lymphatic transport, into the peritoneum
and other organ tissues. Occupational
exposure to airborne asbestos dust ap-
pears to be associated with increased in-
cidence of gastrointestinal and peritoneal
cancer as well as asbestosis, bronchio-
genic carcinoma, and pleural mesothe-
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lioma (2). Inhalation of asbestos dust is
accompanied by the ingestion of many fi-
bers cleared from the respiratory tract by
mucociliary action (3).

The introduction of large concentra-
tions of asbestos and other durable fibers
into the pleura ¢), peritoneum (5), or
respiratory tract (6) of rodents results in
malignant neoplasms. Rats fed asbestos
fibers for long periods have failed to pro-
vide evidence of tumor production (7),
but rats fed powdered chrysotile as-
bestos filter material (47 percent nonas-
bestos material included) had a signifi-
cant excess incidence of malignant tu-
mors over controls (8).

Some studies of tissues from animals
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