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Abstract. Systematic bioassays of marine-derived extracts have led to the eudistomins 
(antiviral), didemnins (antiviral, antitumor, immunosuppressive), and ecteinascidins 
(antitumor). Extension of these bioassays to plant and insect extracts appears promising. 

INTRODUCTION 

For the past 15 years our research group has carried out systematic on-site bioassays of marine species 
in Baja California, the Caribbean, and elsewhere, searching for antimicrobial and antiviral activity and for 
cytotoxicity as a predictor of antitumor activity (refs. 1-3). We describe in the following some of the most 
promising leads developed under that program. 

Eudistomins In our most extensive field testing for antiviral activity, during the 1978 Alpha Helix 
Caribbean Expedition (AHCE), the most active antiviral extract by far was that from the colonial tunicate 
Eudistoma olivaceurn (ref. 1). In due course this extract yielded the eudistomins, which fall into three general 
classes- 1 -unsubstituted and 1 -substituted j3-carbolines, and oxathiazepino-tetrahydro-j3-carbolines (refs. 
45). Some antiviral and antibacterial activity is shown by all three classes, but the last compounds are clearly 
most active (Chart 1). While representatives of the f i i t  two classes were synthesized some time ago by our 
group (ref. 4), only very recently have syntheses of the more difficult fused tetracyclic system been reported 
(refs. 6-8). Although scarcity of the tunicate and lack of a suitable synthesis have hindered in vivo testing of 
the eudistomins, a preliminary mouse vaginal Herpes assay was promising; with syntheses in hand, testing 
should be resumed. 
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Didemnins The most reproducible antiviral activity observed during AHCE 1978 was that of extracts 
of the compound colonial tunicate Tridikmnum solidum. Since then, the antiviral/antitumor didemnins, cyclic 
depsipeptides isolated from T.  solidurn, have been the focus of a major research effort in OUT laboratory (refs. 
9-17). The structures of didemnins A - E, assigned in 1981 (ref. 1 l), were later modified (ref. 12) in the 
course of synthetic studies (ref. 13); they differ from one another mainly in the substitution on the N- 
methylleucine side chain (Chart 2). 

Recently, we isolated didemnins X and Y with a new N-terminal blocking group, a 3-hydroxydecanoyl 
unit (refs. 16-17). The HRFAB and tandem FAB mass spectra were instrumental in identifying the sequence 
shown, while hydrolysis gave Glu, plus the usual MeLeu, Leu, Thr, Pro, MezTyr, and 1st. The non-polar 
layer yielded 3-hydroxydecanoic acid, whose stereochemistry was assigned by chiral NMR. The new 
didemnins have activity similar to that of didemnins D and E (Table 1). 

In vivo antiviral testing of some of the early didemnins indicated protection against vaginal Herpes as 
well as Rift Valley Fever, though toxicity was a problem (refs. 14,15). We have attempted with some success 
to reduce toxicity by chemical modifcation. The relative activities of the didemnins in hand are summarized in 
Table 1, from which it can be seen that acyl substitution, whether the side chains be acetyl or longer 
(didemnins D, E), enhances cytotoxicity. On the other hand, cytotoxicity can be reduced by acylating the 
isostatine hydroxyl along with the free MeLeu amino group or by bridging the amino nitrogens of N-MeLeu 
and Thr with a methylene group. Unfortunately, in vivo testing has not yet been carried out on most of these 
promising derivatives. 
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The didemnins' antitumor activity is also under study. Didemnin B was determined to be the most 
cytotoxic vs. L1210 cells, although a number of more recently isolated didemnins have similar activity (Table 
1). Didemnin B has progressed through toxicology studies and Phase I clinical trials sponsored by the U.S. 
National Cancer Institute (NCI) (ref. 18) and is currently undergoing Phase I1 trials against a variety of tumor 
types. 

Another notable activity of the didemnins is immunosuppression; they have been shown in some assays 
to be approximately loo0 times as active as cyclosponn A (ref. 19). Their mode of action, however, appears 
to be different from that of cyclosporin (ref. 20). 
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Table 1. I n  V i m  Bioactivities of the Didemnins and Their Derivatives 

RNA Virusesa DNA VirusesS 

Compound PR8 COE HA-1 E.R. HSV-1 HSV-2 VW 

Didemnin A 20 
Didemnin B 4/0 410 4/0 410 4/0 3r3 410 

Didemnin C 410 3r3 414 410 114 2.B 114 
Didemnin D 4/0 410 4/0 414 4/0 4/0 410 
Didemnin E 4/0 4fO 4B 414 4/0 4/0 4fO 
Didemnin G 
Didemnin X 
Didemnin Y 

Synthetic 

Methylene 
didemnin A 

N-Acetyldidemnin A 
Diacetyldidemnin A 
Dihydrodidemnin A 
Nordidemnin B 
Diacetyldidemnin B 
Prolyl-didemnin A 

0/0 

Ox) 
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OD 
Of 3 

410 
3r3 

0/4 

Of 4 

410 
214 

w4 

114 

4f4 
314 

0/4 

114 

314 
314 

0.019 0.056 
0.0011 0.0049 
0.0018 0.0135 
0.011 0.019 
0.0065 0.016 
0.0051 0.013 
0.006 0.038 
0.0048 0.017 
0.0048 0.021 

0.0065 
0.0024 
0.015 
0.52 
0.0078 
0.0016 
0.014 

0.023 
0.007 
0.052 

>1 
0.019 
0.0036 
0.076 

qytotoxkityfantiviral activity, 1 = 1-10,2 = 10-20.3 = 20-30,4 = 30-40 mm zone of inhibition; PR8, 
influenza virus; COE, Coxsackie A21 virus; HA-1, parainfluenul-3 virus; E.R., equine rhinovirus; HSV-1, 
HSV-2, Herpes simplex virus, types 1 and 2; Vacc, vaccinia virus. bp&L. 
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Ecteinascidins Among the antitumor marine extracts studied from 1972-1980 under the NCI Natural 
Product Acquisition Program (ref. 21), the most promising were from the colonial tunicate Ecreimcidia 
turbinutu, whose colonies look like bunches of pink- or orange-tipped white grapes, The original extracts 
gave T/C values as high as 270 against P388 murine leukemia and also showed extremely interesting 
immunological properties (refs. 22,23), but the compounds responsible for this activity were not isolated. 
Our studies of E.  turbinara commenced cu. 1981 (refs. 24,25), and we, too, found the bioactive materials to 
be remarkably susceptible to decomposition and difficult to isolate. Ultimately, a system involving 
countercument chromatography (CCC) was employed, with characterization by liquid chromatography 
(LC)/FABMS and bioautography (TLUcytotoxicity), to give six closely related ecteinascidins that differ 
considerably in their cytotoxicity and T/C values (Table 2). 

Table 2. Ecteinascidin Yields and Activities 

Yield, CV- 1, mm zone P388, T/C B16, T/C 
Ecteinascidin % at 1.6 pg/6.35-mm disk (at p e g )  (at p e g )  

~~ 

729 1 10-5 18 214 (3.8) 246(10) 
743 10 10-5 28 167 (15) 
745 2 x  10-5 14 1 1 1  (250) 
759A I 10-5 16 

770 I 10-5 25 
759B I 10-5 22 

The compound we have studied most extensively is the most abundant, ecteinascidin 743. Its tandem 
FAB mass spectrum indicated three similar structural units, each containing one nitrogen and an aromatic ring, 
identified in oxygenated tetrahydroisquinoline units. A combination of 1H and 13C NMR spectra, 
homonuclear and heteronuclear COSY, both short- and long-range, and NOE, argued for the structural units 
shown in Scheme 1. Location of the methylene, methine, and sulfide groups would complete the structure; 
thus far, its determination by X-ray methods has not been possible. 

Scheme 7 Partial Structure of Ecteinascidin 743 X - N a S  

Terrestrial plants and insects While plant antitumor activity has been studied extensively by the 
NCI (ref. 26) and antimicrobial activity by others (ref. 27), a systematic study of the antiviral properties of 
plants has apparently not been undertaken. We recently extended our systematic antiviral and cytotoxicity 
bioassays to 43 plant samples and detected antiviral activity in three species. Of these, the fern Notholmnu 
srundleyi produced the new sesterterpene notholaenic acid (Chart 3), whose pentacyclic structure, resembling 
that of retigeranic acid (ref. 28), was established by X-ray crystallography (ref. 29). 

Finally, we are applying systematic bioassays to insects as potential sources of medicinal agents. In the 
first 30 species investigated, five species showed antiviral activity. The f i i f l y  Photinus pyralis yielded the 
lucibufagins (Chart 4), compounds reported earlier by Meinwald, et al. (ref. 30); they suppress Helpes 
simplex virus, type 1, plaques completely at 300 ng/mL (ref. 31) and are currently being evaluated in vivo. 

Chart 3 Notholaenic acid Chart 4 Lucibufagins 
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From the above descriptions, it seems clear that systematic bioassays (especially at an early stage in the 
field) can lead to novel and potent pharmaceutically active compounds and, moreover, that success is limited 
only by one's imagination in devising new assays and exploring new classes of animals or plants. 

Allergy and Infectious Diseases (AI04769, AI01278). Mass spectra were obtained in the Mass Spectrometry 
Laboratory of the School of Chemical Sciences, UIUC, supported in part by a grant from the National 
Institute of General Medical Sciences (GM 27029). 
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