
ANTINEOPLASTIC AGENTS 100 

00404020~5 s3.m+ 00 
F'crpmoo Ru Ltd 

THE MARINE BRYOZOAN AMATHIA CONVOLUTA’ 

G. R. PETTIT; Y. KAMANO, R. AOYAGI. C. L. HERALD, D. L. D~UBEK, 
J. M. SCHMIDT and J. J. RUDLOE 

Canar Rexarch Institute and Department of Chemistq. Arizona 
State University. Tempe. AZ 85287, U.S.A. 

(Reck& in USA 9 September 1983) 

Am-An intensive investigation of the marine animal Amorhia convolura (Bryozoa phylum) for anti- 
ncoplastic constituents has led to the isolation and structural determination of btyostatin 8 (2). A total of 
100 kg of Amorhiu convolura was required to obtain some 4.2 mg of bryostatin 8. Evaluation of bryostatin 
8 against the murine P388 lymphocytic leukemia showed substantial inhibition of growth (PS, cell line EDJ~, 
I.3 x IO-‘, TIC 174 at 0.11 mg/kg). A major part of the very strong aalineopbti~ activity exhibited by 
fractions prepamd from Amorhiu convoluro was accounted for by the isolation of bryostatins 4 (la). 5 (1~) 
and 6 (lb). All three bryostatins were obtained in yields comparable to that of bryostatin 8 and appear derived 
from the closely related marine bryozoan Eugulu ncririna. The epiphytic-like relationship of Bugula ncririno 
to Amorhia convolura is discussed. 

From present fossil and geological dating evidence 
living organisms as highly developed as algae wem 
already in oceans existing 3.6 billion years ago and 
some recent molecular evidence suggests an even 
longer 3.8 billion years. Biosynthetic evolutionary 
processes over such an incredibly long period should 
favor the development of very sophisticated chemical 
protective agents in marine organisms that will prove 
exceptionally useful with a variety of refractory human 
medical problems. Furthermore, tenest& and marine 
invertebrates do not have a thymus system for im- 
munological protection and must have developed 
other chemical mechanisms of intercellular control. 
In addition to phagocytosis the biosynthetic com- 
pounds employed in such control mechanisms should 
be especially important in the discovery of potentially 
useful cancer chemotherapeutic drugs. Less speculative 
is the fact that cancer is essentially unknown among 
terrestrial and marine invertebrates.’ 

Some of the preceding concepts led one of us (GRP) 
in 1957 to initiate a study of amphibian venoms of the 
steroidal bufadienolide’ type as potential sources of 
new antineoplastic substances. Eventually we found 
some of the toad venom bufadienolides such as mari- 
nobufagin to significantly inhibit growth of the Na- 
tional Cancer Institute’s KB cell line derived from a 
human nasopharynx carcinoma and lead to a curative 
response with the murine Ehrlich ascitcs system.“‘But 
the therapeutic indices were unattractive for further 
development. And this effort was extended in 1965-66 
to a broad and systematic program to evaluate marine 
invertebrates4 and arthropods5 as new sources of po- 
tentially useful anticancer drugs. From certain terres- 
trial arthropods we isolated the first such antineoplastic 
constituents and these studies are still in progress.6 

By I%8 we were able to show conclusively that 
some 9-IO% of marine invertebrates and vertebrates 

from exploratory collections would display a con- 
firmed level of activity against the U.S. National Can- 
cer Institute’s (NCI) murine P388 lymphocytic leuke- 
mia (PS system) or Walker carcinosamoma 256 in the 
rat.‘~* Subsequently we have isolated and character- 
ized the first marine animal antineoplastic and/or cell 
growth inhibitory constituents from a variety of these 
organisms. And these have been found to be as diverse 
as the terpene aplysistatin from the sea hare Aplysia 
angosi (Mollusca).’ lanostane glycosides of the sti- 
chostatin I* type from the sea cucumber Srichopus 
chloronotus (Echinodermata), macrocyclic lactones il- 
lustrated by bryostatin I9 from Bugula neritino (Bry- 
ozoa), unique cyclic peptides of the dolastatin 3” class 
from the shell-less mollusc Dolubellu ouriculuria. to 
glycoproteins such as strongylostatin I obtained from 
the sea urchin Strongylocentrotus drobachiensis” 
(Echinodermata) and the sphyrnastatins” from the 
hammerhead shark, Sphyrna lewini. Most importantly, 
one of the dolastatins (I) has been found to afford a 
curative response (33%) at a dose of I I @kg (T/C 240. 
T/C 139 at 1.37 pB/kg) against the NC1 murine Bl6 
melanoma and on that basis may be one of the most 
active (in terms of low dose) presently known anti- 
neoplastic agents. Similarly bryostatin I has given 3 I- 
68% life extension at 540&kg against the NCI MS3 I 
murine ovary sarcoma and is presently undergoing fur- 
ther antineoplastic and other biological evaluation. 

The discovery of each such interesting marine 
animal antineoplastic constituent has required an 
extensive series of biological and chemical studies 
where wtion guided by the PS in vitro and/or in 
vivo systems have played a major role. However, by 
sharply focussing our research efforts on uncovering 
only marine animal constituents of potential use in 
cancer chemotherapy we have succeeded in uncov- 
ering a number of potentially useful substances of 
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completely unanticipated structural types. Any un- 
locking of nature’s important secrets can be fraught 
with difficulties and this approach to completely new 
types of anticancer drugs is no exception. The follow- 
ing summary of our I5 year endeavors directed at 
isolation of antineoplastic constituents from the ma- 
rine bryozoan Amathia convoluta provides an illus- 
tration. 

A 1968 collection of Amathia convoluta from the 
Northeastern Gulf of Mexico was found to yield 
extracts that more than doubled the life span of 
animals bearing the PS lymphocytic leukemia. Indeed 
this was an exceptionally promising lead and was 
vigorously pursued until brought to fruition in 1983. 
While biologically and chemically fascinating, the 
physical appuvance of Amathia convoluta is decep 
tively mundane. Perhaps this accounts in part for the 
absence of any prior chemical study and no biological 
investigation beyond distribution and taxonomy.“*‘* 
A. convduta occurs in small shrub-like clusters from 
I to 3 cm tall, where each individual animal of the 
greyish-brown colony approximates 0.1 mm in size. 
In general A. convoiuta resembles the bryozoan Sugru’u 
witina L. and we have found both to occur together 
in certain areas of the Northeastern Gulf of Mexico. 
That observation becomes very important in the 
sequel. 

The chemical investigation of A. convoluta began 
in earnest in 1970 with recollections made in the 
spring and fall that totalled some 50 kg. Over the 
next 6 years various methods of initial extraction and 
separation of active constituents were attempted with 
these collections to no avail. In this period most of 
the improved extraction and initial separation tech- 
niques that we devised were applied to the A. convolrua 
objectives. Most encouraging progmss was noted when 
the aqueous 2-propaaol extract was partitioned be- 
tween methylene chloride and water followed by 
successive partitioning of the methylene chloride 
fraction between (9: I - 4: 1 - 3:2) methanol-water 
and hexane - carbon tetrachloride - methylene 
chloride. By this means the PS in vivo activity was 
concentrated in the carbon tetrachloride fraction. 

History of the above very useful technique m 
over 30 years ago with studies of methanol-water as 
upper layer and chloroform as lower layer for extras 
tion of lipids from biological materials.” By 1959 
such experiments were developad into a practical 
technique by Bligh and Dyer for extracting marine 
vertebrate lipids.16 Later the 9: 1 --, 4: I + 3:2 
methanol-water with ligroin - carbon tetrachlo 
ride - chloroform variation was very productively 
used by Professor Kupchan (and colleagues) and by 
our group for the preliminary investigation of higher 
plants containing antineoplastic componenta Because 
of safety considerations and side-reactions (from car- 
bent, hydrogen chloride and phosgene formation), by 
1975 we further improved the technique by replacing 
chloroform with methylene chloride.” And this sub- 
stitution has proved to be even more useful in terms 
of conantmting biologically active constituents The 
overall preliminary separation procedure for A. con- 
voluta (and for other animals and plants under study 
in our Institute) was further improved when we 
developed a very simple and effkt.ive extraction 
procedure for animal and plant materials employing 

I : I methylene chloride-methanol.‘* After extraction 
the solvent mixture was diluted with sufficient water 
to cause phase separation and the methylene chloride 
fractions were collected. Sufficient methanol and 
methylene chloride was added to the aqueous meth- 
anol mixture to produce a homogeneous solvent. The 
extraction was allowed to proceed and the overall 
procedure repeated as necessary. By this method 
the great mass of inactive materials was removed and 
the active fraction reduced to a manageable weight. 

The first two years spent exploring the active 
fractions from A. convohua were devoted to evduating 
separation methods that ranged from gel permeation 
(Sephadex G-IO and LH-20). partition (Avial A 
microcrystalline allulose), ion exchange (Amberlite 
CG-120) and silica gel column chromatography to 
chromatography on macroreticular resins such as 
XAD-4. Ofthese approaches Sephadex LH-20 seemed 
most promising for introduction at an early stage. By 
1976 it was clear that the antineoplastic constituent(s) 
of A. convoluta must be present in only trace amounts 
and it was decided to recombine all fractions and 
txgin again with the best technique developed to that 
time. Although the high level of antineoplastic activity 
was still apparent in the mixture obtained by recom- 
bination, it soon became apparent that the paucity 
of antineoplastic component(s) would continue to 
elude detection unless the quantities could be greatly 
increased. In 1978 approximately I18 kg (wet weight) 
was recollected followed by another 100 kg of the 
wet animal in early 198 1. All of the experience gained 
from previous separation experiments was applied to 
the 1978 recollection and microgram amounts of the 
principal antineoplastic constituents were isolated 
over the next few years Again the isolation procedurea 
were further simplified, improved and applied to the 
198 I recollection that formed the basis of this con- 
tribution. 

The 1981 recollection (100 kg, wet weight) was 
initially reduced to a 61 g carbon tetmchloride PS 
active fraction as outlined in Separation Scheme Part 
I. The gel permeation-partition type chromatogtaphic 
separation employing Sephadex LH-20 with 2:3 
methylene chloride-methanol as solvent caused a 
rapid concentration in fraction D of the major antineo 
plastic constituents. A useful further separation and 
concentration was achieved by repeating this step as 
shown in Part 2 of the Separation Scheme. Fraction H 
seemed to contain the most potent antineoplastic con- 
stituents and was further separated by careful frac- 
tionation on silica gel to yield active fraction M. The 
silica gel chromatographic separation with changes in 
solvent was expanded to produce active fraction N. 
The relatively small weight of N (37.5 mg) allowed par- 
tial separation by preparative layer chromatography to 
yieldactivefraction0. Eventhe 18.2 mgfractionOfrom 
some 100 kg of animal was still a challenging mixture 
that required extensive reverse phase and normal 
phase HPLC procedures for final separation. By this 
means bryostatins 4 (la) and 6 (lb) were isolated in I .6 
mg and 0.6 mg yields respectively. 

Meanwhile the promising Sephadex LH-20 fractions 
G and I were combined as outlined in Separation 
Scheme Part 3 and subjected to the same type of 
fractionation as just summarized for obtaining btyc+ 
statins 4 and 6. However, the active fraction P 
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bnthie convoluta 
(100 kg, Tot rol@t) 

%f’2 
(727 g, PS TfC, 120 - 148 at 6.25 - 48 a&kg, EDso t3 u&sl) 

i~oH_~* hexane 
(inactive) 

4 : 1 CH301i:~0-CC14 

(6 1 8, PS WC::? -+ 182 at 3.1 - 25 mglkg) 

58 8. l liquot 

LH-20 
2 :3 CH2C12-CfLJOH 

4 : L cH;oH-~o 

I 3:2 CH,0H:H20-CH.f12 

I 
cylc12 

(42.2 8, inective) 

I 
CH30H-30 
(inacttve) 

I I I I 
A B C 0 E F 

PS EDso 

4.2 x 1O-2 16 9.8 (38.9 s), 9 16. 

T/C b8) 
inactive inactive 

6.1 

l26(12) 131+168 

x 10-L 

Separation Scheme Pert 1 

corresponding to fraction M of the preceding sepa- 
ration was considerably more complicated and n- 
quircd the introduction of a car&l partition chroma- 
tographic step utilizin8 the LH-20 gel. The resulting PS 
in viva active fraction Q was separable into the prin- 
cipal active antineoplastic constituent of A. convolufa 
utilking the techniques developed for separating fnxc- 
tions M-O. Additional quantities of bryostatins 4 (la, 
6.0 me) and 6 (lb, 5.7 mg) were isolated accompanied 
by bryostatia 5 (lc, 3. i mg) and a new bryostatin des- 
ignated 8 (2, 4.2 mg). The combined total yields of 
bryostatins 4 and 6 amounted to 7.6 x 10e6 and 6.3 
x 10-60/, bryostatin 5.3.1 x 10e6%and bryostatin 8, 

4.2 x IO-*%. 
A parallel study of BugUra nerMna antincoplastic 

components ongoing in our labomtory from about 
the same time in 1968 had by 1981 led to the 
discovery of btyoutatins l9 and 2” (ld, e) and by the 

inactive inactive 

summer of 1982 structure Id by X-my crystal struc- 
ture determination for bryostatin 1. 

Subsequently we were able to assign the structures 
indicated here for bryostatins 4 and 6.=’ Recognition 
of bryostatin 8 as a possible member of this unique 
series of macrocyclic lactonu tkt arox from viewing 
the chamektic reddish-purple color produced upon 
heating a thin-layer chrom&ogram of the substance 
sprayed with ankldehyde reagent. Detail& intapn- 
tation of the 400 MHz ‘H-NMR (Table 1) and ‘%Z- 
NMR m (Table 2) indicated that bryostatin 8 
retained the basic blyopymn riqt system and substi- 
~~~of~~tint*~~~~~ 
seemed to be at C-7 and C-20 where the acetate and 
(EJ+octa-2,4dicnoate utcn apparcd to be &sent. 
Appliation of the solution phase acoudary ion mass 
spcctrometric techniques to brycetatin 8 that # 
dcv&pcd for routine -on of mokcular ion.5 





Combinrd Fraction C and I --_-“. 
(27.56 8.) 

Acttvc fratlon P 

PS EDSO’ 6.6 x 10 
-2 (979 m8.) 

, T/C 190 - 192 (3 - 12) 

LH-20 
g-hexma-CR2C12 -CH30H (LO : 10 : I) 

AC Lva fractton Q 
PS EDso, 4.5 x 10 -Ff , T/C 165 - 192 (0.37 - 1.5) 

silica gel 
3:l g-hexant-ethyl acetate to 
I:1 yhcxant acetone 

Active fraction R 
(110 mg.) 

I m-p Tu 
CH2C’2-CH30H-H20 (90:10:0.8) 

Actfve fraction S 
(51.2 ms.) 

1) 

2) 

HPLC, Partisil-10 ODS-2 (C-18 
reverse phase) 4:l CH30H-H20 to 
CH30H 

HPLC, Psrtisil-1OsilicaSel. 

E-heptsnbethyl acetate-C&Ot!-ti~O 
~600:~0:10:1.5) 

Blyostatfn 4 Bryostatin 5 Bryostatfn 6 Bryoststin 8 mixture 

(6.0 mg ; (3.1 w ) (5.7 mg ; (4.2 m8 ) (5.5 w3 f 

PS EDso 
3.1 x lo-3 1.0 x lo’* 3.6 x lO-3 1.3 x 10 

-3 
- - 

6.7 x to-4 
1.2 x 10 -4 
2.6 x 1O-4 

T/C (ms.) 
162 - 162 145 - 188 139 - 182 174 + Toxic 132 - 178 

(0.046 _ 0.0925) (0.046 - 0.185) (0.046 - 0.185) (0.11 -b 0.44) (3 - 12) 

Separation Scheme Part 3 

Bug&a neritina mme under scrutiny. Voucher animal 
specimens from all prior collarions along with 100 
plus kilogtam amounts of A. convohta available from 
the 198 I and more recent (1982) rccokctions wcm 
closely examined. Amounts ranging from 4.2% to 
approx. 3% dry weight of Bugda neritina were found 
growing from the A. convoluta in a parasitic or 
epiphytic-like manner. The 1981 mcolktion de- 
scribed herein was found to have approx. 2.5% by 
weight of attached Bug&a neritina. From our cxpe 
ritnce with the isolation and chamctaktion of 
bryostatins 4-d from B. neritina collected in tJw same 
general area as A. convofuta, the yields of thcac 
bryostatins seem to be two to four times greater than 
would be expected from A. convoluta conthing 
some 2.5% of B. neritina. But this proportion was 
too close to safely conclude that they were produoed 
by A. convofuta. On the other hand btyostatin 8 (2) 

was isolated from A. convduta in a quantity 50 times 
greater than would be expected from the companion 
B. neritinu. Thus, btyostatin 8 seems to be a genuine 
constituent of A. convoluta and/or both animals have 
a t&uiottship where the bryostatins may be tram&i 
and concentrated by the A. convoluta. Altcmatively, 
if the rurl source of the bryostatins resides in a 
common food source such as a dinotlagellate, these 
relationship6 may be even mom complex. 

The preceding observations post a number of 
interesting scientific questions and iead to some im- 
mediate practical considerations. The ability of 8. 
neritina with its reservoir of exceptionally potent 
antkopktic bryostatins to attach its&and/or invade 
other 0-s prompts us to m that new marine 
animal candidatea for biological investigation be carc- 
fully inspected for such contamination. 0therwk 
the btyostatius represent a very sign&ant advance 
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Table 1. ‘H NMR (400 MHz_ dcutcriochloroform solution) 

2 2.450 I 2.45 I 

3 4.166 I 4.19 . 

4 1.64, 2.01 I+ 1.55, 1.95 0.m 

5 4.202 I 4.1 I 

6 1.46, 1.76 8.. 1.4, 1.5 101 

7 5.l64 I 5.15 I 

10 1.70, 2.m 9.. 2.1-2.2 . 

11 3.820 q -3.95 m 

12 2.10-.2.19 m 2.1-2.2 I 

14 1.83, 2.03 1.1 1.9,-2.0 v 
15 4.o4 m 4.08 I 

16 5.295 dd(a.45, 15.75) 5.300 dd(a.3. 15.9) 

17 5.758 d(15.75) 5.758 d(15.9) 

20 5.103 I 5.162 I 

22 1.89. 2.02 =.m -1.90 . 

23 3.982 I -3.65 . 

24 1.80, 1.97 1.1 1.95 I 

25 5.170 m 5.19 . 

26 3.767 . 3.73 . 

27 1.214 d(6.93) 1.226 d(b.3) 

2e 1.135 s 1.132 I 

29. 0.983 ‘ 0.982 s 

30 5.663 I 5.657 I 

32. 0.983 I 0.982 I 

33. 0.922 I 0.919 s 

34 5.961 I 5.9a3 , 

36 3.685 . 3.60 . 

37 3.655 I 3.65 I 

2’ 

3’ 

4’ 

2” 

3” 

4’ ’ 

5’ ’ 

6” 

7” 

8” 

2.27 

1.66 

0.923 

2.27 

1.66 

0.917 

m 

. 

~(7.2) 

2.051 s 

t(7.2) 

5.7% d(15.3) 

7.261 . 

6.157 I 

6.157 . 

-2.15 I 

1.42 m 

0.904 C(7.3) 

in our knowlaigc of stntcturt requirements for anti- 
cancer activity and one or more of these important 
new suktances may be developed for eventual clinical 
trial. 

EXPERIMENTAL 
Gene& me/+.. Solvents used for cbromatogaphic pro- 

cedures wert r&s&&d. The Sephxiex LH-20 (25-W cc) 
employed for @ permation and putition chronutcgntphy 
w11 obtGnai from W Fine Chemicab AB. UppaL, 
.%&en. Gilson FC-220 ma tmck 8ttd F-80 micrc+fnction- 
atoTs connected to Gilson HM UV-visible Holochrome 
detectors mrt wed for chrom8~c fmctionation cx- 
perimmts. Column chronutogmphic procedures with silica 
gel utilized the 70-230 mesh or silia ~1 60 prqmckcd 
columns supplied by E. Merck (Darmrtadt). Both the 

Partiril hi9 IO/50 and Putisil M9 IO/SO 0-2 (C-18 
ccyerx phrrc) columns (9.4 mm id. X 500 mm) wae wai 
for HPLC rnd obtGned from whtrmn. Inc., Clifton, New 
Jmy. Prcpuativc layer plrtcs wert &o obtincd from 
Ulutrmn. Inc. ud the silia d GF UnipLta for TIZ 
were supplied by Anrltcch, Inc.. Newark, D&m. The 
TLC &tcs mrt viewsd with UV lit or developed with 
an anisakiehydc-AcOH-HzSO, spray (heating at approx. 
IW for 10 mitt). 

M.p.s ptr tmuxrccted sod were observed with a Koflcr- 
type m.p. app~Uu.3. UV spectta were recorded usiag a 
Hewlett-Packard 8450A UV/VIS spcctrophotometer 
equip@ with 8 HP72254 plotter. Optical rotation urd IR 
spectral d& were obt&cd usiw a Rxkin-Elmer 241 polar- 
imeter mtd 8 299 IR -meter, rapcctively. Re 
antly, IR spcctm hve been obtGnaI with I Nicolct MX-I 
IT instrument. All w spcctm (70 eV md FAB) won 
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Table 2. “C NMR (dcutcriocbloroform solution? 

Pollt ion 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 3 

30 

31 

32 

33 

34 

35 

36 

37 

1’ 172.09 

2’ 36.59 

3’ 18.59 

4’ 13.68 

1” 

2” 

3” 

4’ ’ 

5” 

6” 

7” 

8” 

173.26 172.29 

44.26 44.29 

64.86 71.62 

31.29 31.42 

73.76 73.73 

33.47 35.09 

72.46 73.11 

41.14 41.11 

101.94 101.94 

42.50 36.04 

65.93 68.50 

42.18 3b.56 

Mb.30 157.18 

X.62 40.00 

70.22 70.22 

139.37 139.24 

129.59 129.66 

44.94 44.94 

99.04 99. I1 

79.26 79.13 

151.85 152.08 

36.04 42.31 

74.35 64.83 

40.00 42.02 

71.62 74.19 

68.56 65.71 

19.85 21.90 

lb.93 16.90 

114.64 

167.02 

24.63 or 21.12 

21.12 or 24.63 

119.71 

lbb.70 

51.02 

171.w 

36.59 

18.29 

13.68 

114.15 

167.06 

21.15 or 19.79 

19.79 or 21.15 

119.65 

166.80 

51.05 

171.15 

33.43 

165.63 

118.74 

146.39 

128.49 

145.42 

35.09 

24.66 

13.68 
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nxonlal by Mr. D. Adams with a MAT 312 spectrometer. Animal cdlmion d prciitninary ex~~merus. In the 
NMR experiments wrc conducted with Vatian XLIOO. 
Bruker WH-90 and Bruker WH400 instruments. CDCI, 

spring of I%8 rpprox. 1 kg of Amathia convuluta (Bryozns 
phylum. Gymnohcm8ta cksr. Ctenostomata order, Stoloa- 

wan employed as solvent and IMS as internal stand&. ifera suborder, Vesicutii~ family, 8nd Vesicuhioidea 
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0 

la. R = COCH2CH2CH3, RI = COCHzCH(CH3)2. Btyostatm 4 

lb, R = COCH3. RI = COCH2CH2CH3. Bryostatm 6 

1~. R = COCH3. RI = COCH2CH(CH3)2. Bryostatm 5 

Id, R = COCH = CHCH = CHCH2CH2CH3, R1 = COCH3. Bryostatin 1 

le, R = COCH = CHCH = CHCH2CH2CH3, R1 = H. Btyostatin 2 

11, R = COCH2CH2CH3, RI = H 

lg, R = H. RI = COCH2CH2CH3 

2, Bryostatln 8 

subfamily) was collected in the Gulf of Mcxia, (Alligator isopropyl alcohol. Removal of solvent pve an extmct that 
Harbor, Franklin County, florida). The same general area reached a confirmed level of activity against the National 
of the Northeastem Gulf of Mexico was the source of all Cancer Institute’s murine P388 lymphocytic leukemia (PS 
later rarollections. Taxonomic identification was generously system) with a response of T/C 200 at 400 mgkg. A hot 
provided by the Smithsonian Institution. ethanol exttact of the nxidual animal gave material that 

The initial sample of Amuthiu convd~lo was preserved in exhibited PS T/C I25 at 200 mg/lcg. 
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In 1970 approx. 50 kg (wet wt) of Amolhla convoluta was 
collected during the spring and fall. The 2-propmol extmct 
from a 4.6 kg specimen of the fall collection was conccntratcd 
and the r&due partitioned bctwcco hexane and water. The 
aqueous phase was partitioned bctwccn CHCls and water. 
ARcr scpantion of tltc water phase it was extract&l with 
CHCl,, lyophilizcd and the residue was extractcd with 
EtOH. By this means the hewe extract provided I20 g, 
the CHCl, 35 g tbc EtOH 138 g and the water extract 387 
g. The hcxane fraction Ial to a coafirmcd level of activity 
against the Walker carcinosarcoma 256 system (T/C 41 at 
200 me/kg) and the CHQ, fmction displaycd PS T/C I40 
at IO0 mg/kg. 

The dctailcd chemical study of Amarhia convolufa begun 
in 1970 was initiated using the Walker arcinosarcoma 256 
as bioassay. Eventually this tumor system was abandoncd 
in favor of the PS leukemia for bioassay purposes. By 1976 
it was dccidcd to rccombioc all fractions arising from the 
1970 collections and partition bctwccn CHQ, and water. 
The CHCl, phase was successively partitioned bctwccn 9:1 
McOH:watcr-hcxanc, 41 McOH:watcr-CC& and 3:2 
McOH:watcr-CHsClr. ” By this means the antincoplastic ac- 
tivity was concentratal in the CCl, fmctioo (98.5 g) and 
showcd PS T/C 169 at 200 mg/kg and in the PS all line 
EDs, 2.8 &ml. The results wcrc reassuring and indicated 
that about 6 ycats of sctxuation pmccclums had not destroyal 
the original antineoplutic activity. But it was clear that a 
solution to the problem would require another and larger 
recolkction. 

In the fall of 1978, I I8 kg (wet wt) of Amathia convolufa 
was collcctcd and prcsmal in 2-propanol. The resulting 
aqueous 2-propanol extract was cooantratcd to a 2.5 kg 
residue. A soln of the 2.5 kg extract in 9:I McOH-water 
was subjcctcd to the partition scqucna just dcscribcd for 
the 1976 rccombioation to yield hcxanc (I57 g), Ccl, (I 30 
g). CH2Clr (79 g) and McDH-water ftactions. Again the 
antincoplastic activity was conantratcd in the CCL fraction 
which led to PS T/C I41 at 40 mg/kg and in the PS all 
line ED% 7.8 &ml. Furthcrmm the CC& fraction exhibited 
a rcasonablc level of activity against the NC1 KB (human 
nasopharynx carcinoma) all l&e (ED% 2.4 &ml). The 
CHKl, fraction showed similar in vitro activity with the PS 
ED, ai 8 &ml and the KB EDw at 3.3 &mi. The ovcrall 
problem of uncovering the antincoplasuc constituents came 
close to solution using the 1978 rccollcction and finally 
yielded. starting with a spring 1981 mcolkction amounting to 
100kg(wctwt)andamittimumof45kg(drywt)ofAma~hiacon- 
volura. The following approach to the 1981 rccollcction cn- 
tailsthcmostconvcnicntandsucccsshtlcxpcrimcntalmethods. 

Animal exlracIion. The aqueous 2-propanol extract of the 
I98 I rccolkction was conantmtcd and partitioned bctwccn 
CHrCl2 and water. The residual animal was extracted with 
I:I CH&-McOH.” Sulficient water was added to create 
two phases and the CH2C12 layer was separated and concen- 
trated. The cxtmction proccdurc was rcpcatcd by adding 
sufficient McOH to the MeOH-water and animal mixture 
to form a single phase. Again, water was added to separate 
the CH2C12 which was collcctcd and conantmtcd. 

S&em porrrfion sequmce. The combined CHICll extract 
from the 1981 rccollcction was dissolved in 9:1 McOH- 
water and extracted with hcxane. The McOH-water phase 
was diluted to 4:1 MeOH-water and exttactcd with CC&. 
The McOH-water phase was diluted to 3:2 and extracted 
with CHf12. The msulting hcxanc (469 g), Ccl, (61 g). 
CHrCI1 (45 g) and McOH-water (91 g) fractions wcrc 
conantratcd and aliquots submitted for bioassay. Antine 
plastic activity (PS T/C I82 at 25 me/kg, ED,,, IO &ml) 
again rcsidcd in the CC& fraction. 

ARcr the principal antincoplastic constituents of Amarhia 
convolura WCR isolated in 1982 and early 1983 and found 
to bc bryostatins. WC nry camfully investigated some of the 
rcccnt mollcctions for prcscna of the closely rclatcd bry- 
ozoan. Bugula nefirina. Close inspection uncovcrcd contam- 
ination of less than 0.2% to some 3% corresponding to 
&@a neririna. The contaminating species was found grow- 
ing on the Amarhia convolura in an cpiphytic manna. The 

1981 rccollcction that forms the hasis of all subsequent 
expcrimcnts containal approx. 2.58 Bugufa nerititta. 

lsdolion oIlhe bryoslarins. In a typical scrica of cxpcri- 
ments the 6 I g active CC& fmction (Separation Schcmc Part 
I) in 2:3 CH#&-McDH was chromatogtaphccl oo a column 
of Scphadcx LH-20 (IO x I20 cm). The procedure was 
rcpcatcd until the total (61 g) CC& fmction was scparatal 
by this gel pcrmation procedure. Combination of similar 
fractions provided the A-F xrks notcd in Separation S&crne 
Part I. The principal in vivo wztivc fraction (D. 38.9 g) was 
further seporatcd by rnothcr application of the !kphadcx 
LH-20 proadurc using 2~3 CH2Cls-&OH. With a 36 g 
amount of ftaction D aliquots of 20 ml were collcctcd. 
Recombination of fractions on the basis of TLC properties 
led to fractions G-L (Separation Scheme Part 2). Fraction 
H (4.33 g) was next scpamtcd by a dry column chromate 
graphic proccdurc on silica gel using gradient clution from 
CHKl, to CH,Cl,-McDH mixtures. BY means of I2 ml 
frac-tions a total of 480 ml was collc&d and of these a 
fraction notcd as M on Separation Scheme Part 2 was found 
to give the highest level of antincoplastic activity. Extensive 
separation of fraction M by further silica gel column chro 
matography in gradients ranging from n-hcxanc-EtOAc 
(3: I + I : I) + n-hcxanc-aatonc (5: I + I : I) mixtures in 7 
ml fractions (280 ml total) alfordcd active fraction N (37.5 
mg). By preparative TLC in CH#Zl,McOH-water (90: 10~0.8) 
the main PS active fraction was isolated and found to weigh 
18.2 mg (fraction 0). Although fraction 0 contained a 
majority of the activc coostitucnts emanating from fraction 
H it was still quite compkx and tcquimd cxtcnsivc HPLC 
mcthods for scpamtion. A soln of fraction 0 in 4: I McOH- 
water was chromatographcd using HPLC techniques with a 
C-l 8 rcvcrsc phase column and a Bow rate of I .O ml/min 
with a gradient to mctbanol. The fraction with most prom- 
ising PS activity was further acparatcd by HPLC using a 
silica gel column and EtOAc-hcptane-McOH-water 
(400:600: IO: I .5) as mobile phaac with a flow rate of I .O ml/ 
min. By this means 1.6 mg of la and 0.6 tng of lb was 
isolated.” 

Separation of the gel pcrmcation fractions G and I was 
even mom challenging. Both fractions were combined and 
the 27.56 g combined fraction (Separation Scheme Part 3) 
was first sepamtcd as summarized for fractions H - M to 
yield PS active fraction P (979 mg). At this stage it was 
found best to utilize a partition chromatographic pmadurc 
employing Sephadex LH-20 and the solvent system n- 
hcxanc-CH2C12-McOH (IO: IO: I). A 3 cm x 120 cm sized 
column was used and I2 ml liactions totalling 240 ml wcrc 
collectal. The resulting most active haction (Q, 266 mg) 
was further fractionated as noted above for fraction M - 
N. The remaining separation steps were accomplished by 
the same gcncml proadurcs employed with fraction 0 
(Separation Scheme Part 2). In order of clution appearana 
from the HPLC silica gel, were obtained la (6.0 mg). lc 
(3.1 mg), lb (5.7 mg) and 2 (4.2 mg). Bryostatins 4 and 6 
wcrc rucntly isolated from Et&a nerilina in our laboratory 
and structural determinations have been compktcd.~’ 
Presumably thcsc substances arc dcrivcd Born UK association 
of Amtihia convohua with Bugula nerilina. However, 2 
appears to bc a genuine constituent of Amafhia convohua 
and was character&l as follows. 

Bryostalin 8 (2). Bryostatin 8 (2) was brought to analytical 
purity by rcchromatography of the or@al 4.2 mg on a 
HPLC reverse phase C-18 column with MeOH-water (from 
I : I to 9: I) as clucnt. The resulting 2.8 mg of btyostatin 
8 was obtainal as a colorless amorphous powder melting at 
170-173”: [I$,’ + 49.9 (c. 0.04, CH,OH); uv c 226 
(t37.500); ir e 355 I, 3475, 34 15, 2975-2950, 1742. I72 I. 
1640. 1616, 1449. 1380, 1245, 1225, 1165, 1095, 1075, 
1050 and 870 cm“: MS: 903 IM + Nal* and 815 lM + Na- 
88]+ . The 400 MHz proton and catbon magnetic ~sonance 
data has been displayed in Tables I and 2 in comparison with 
Id. 

Acrd-catalyzed h&o/ysis of bryosfatin 8 (2) to mane 
butyrare esters If and lg. An 0.8 mg specimen of 2 was 
hydrolyzed (24 hr at room tcmp) in 0.2 ml of I% HCl in 
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