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Abstract-Angustine and related alkaloids have been identified in extracts from species of Mitragyna 
Korth., Nauclea L., Uncaria Schreb. (Rubiaceae), and from African and Asian species of Str!uhos L. 
(Loganiaceae). The chemotaxonomic significance of the occurrence of these alkaloids is discussed. 

INTRODUCTION 

THREE new pyridino-indolo-quinolizidinone alkaloids, angustine (la), angustoline (lb), and 
angustidine (lc), have recently been isolated from Strychnos angust$ora ‘Benth.’ This 
communication describes the wider occurrenge of these three alkaloids, not only in species 

of Mitragyna Korth., Nuucleu L. and Uncuriu Schreb. (Rubiaceae), but also in further 
African and Asian species of Strychnos L. (Loganiaceae). 

RESULTS 

The spectral properties of the yellow alkaloids Pa 6, isolated from Mitrugynu 
juvunicu Koord. et Valeton, and Gu 5, from M. purvi@iu (Roxb.) Korth.,3 are the same 
as those of angustine and co-chromatography with the authentic alkaloid has confirmed 
their identity. Examination of the extracts from monthly collections of Burmese 
M. purvifoliu leaves shows that while angustine is present during the first half of the year 
there appear to be only traces of it present during the second half. 

Angustine, obtained from the leaves of Nuucleu coudunutu Roxb. ex J. E. Smith [Surco- 
cephulus coudunutu (Roxb. ex J. E. Smith) Druce], has been identified by its spectral pro- 
perties and by co-chromatography with the authentic base. 

’ Au, T. Y., CHEUNG, H. T. and STERNHELL, S. (1973) J. Chern. SW. Prrkin I, 13. 
’ SHELLARD, E. J., BECKETT, A. H., TANTIVATANA, P., PHILLIPSOK, J. D. and LEE, C. M. (1967) Phta Med. 

15, 245. 
3 SHELLARD, E. J.. PHIUIPSON. J. D. and GUPTA. D. (1969) Planfo Ma/. 17. 51. 
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Angustine and angustoline from the leaves of UIKYKU rh~~~hoph~lla (Miq.) Miq. cx Havil. 
and U. homomullu Miq. have been identified by comparison of their TLC behaviour 
and of their UV and MS with those of the authentic alkaloids, while the presence of 

hngustidine has been indicated by TLC. Angustine, identified by TLC and by its UV 

and MS. has also been isolated from the flowers of L’. her??uL’sii F. v. M. and from the 
leaves, stems, and flowers of 12:. yuiunensis (Aubl.) Gmel. 

An alkaloid isolated from Slr~chnos canzptoneura Gilg et Bussc has been identified 
as angustine by its TLC and spectral properties. TLC indicates that angustine-type 
alkaloids are present in a number of African and Asian Sr~~chnos species (see Table 1 and 
Experimental). 

=I I 
H” ‘: IN O 

‘I 
R -lN 

Rl 

(IO) R =-CH=CH2;R,=H 
(1 b) R = -CH(OH)Me; R, = H 
(ICI R = H; R,= --me 

DISCUSSION 

The genera Mitragyna, Nuuclea and Uncaria all belong to the tribe Naucleeae of the 
Rubiaceae. so that the discovery of alkaloids common to the three genera is not 
unexpected. 

In the genus Mitragynu the occurrence of angustine appears to be restricted, since, in 
spite of the detailed investigations which have been carried out on the alkaloids of the 10 
recognized species, it has been detected in only two of them: M. ,jazwzicu and M. purr@liu. 

Naucleu and its immediate allies (Adinu Salisb., Sarcocrphulz~~ Afzel., .Vrorx~dru Merr.) 
are in a state of taxonomic and nomenclatural confusion. Although angustine has been 
isolated from one Nuucl~~u (or Surcocrpha1u.s) species. further work is required to 
determine in what other species of this group of genera it is to be found. 

Uncariu has recently been revised and its species divided among seven major groups.“ 
The Indian and Chinese taxa comprising group 7 are rather heterogeneous, but they have 
been further arranged in two subgroups, one of which consists of I’. rh!,rl~,hol)h!,lILI 

(Miq.) Miq. ex Havil., ci. .sr.ssilij~~uctu.~ Roxb.. and C. Irrer$gatrr Wall. ex G. Don and the 
other of U. scandens (J. E. Smith) Hutch., c’. luncifblim Hutch., and possibly 
c’. homomullu Miq. Angustine-type bases have been identified in leaf samples of 
c’. rhynchophyllu and c’. homomullu, species which are placed in different subgroups. The 
only other instances of the identification of angustine in the genus have been as a trace 
alkaloid in U. hernuysii and C;. g~riu~~~~i.s; in both these plants the angustine was 
accompanied by relatively large amounts of oxindole alkaloids. L:. hcwu~~.\ii occurs only 
in New Guinea and is the only member of group 4. while I’. glriuncw.si.s is included in group 
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2 which comprises the Afro-American taxa. The fact that angustine has been detected 
in three of the seven groups of Uncaria may indicate that it occurs more widely in the 
genus. However, alkaloid-screening results suggest that angustine-type alkaloids are present 
as major alkaloids only in the species of group 7.5 

Several yellow alkaloids were encountered during the screening of African St/ychnos 
species for alkaloids and their presence or absence was used as one means of 
organizing the results6 Although the significance of these bases was not known, it was 
suggested that their occurrence implied the presence of a precursor common to the 
species in which they were found. The isolation of one of the yellow alkaloids from the 
African S. camptoneura and its identification as angustine is recorded in the Experimental; 
the base has now been obtained from an African and an Asian species. 

During the screening of Asian Strychnos species for alkaloids,7 angustine and other 
yellow alkaloids were detected in the extracts from some samples, including those of 
S. angustiflora the species from which they were first fully characterized.’ These extracts 
and a selection of extracts from African species previously found to contain yellow 
alkaloid(s) have been co-chromatographed with authentic angustine, angustoline, and 
angustidine. The results are included in the Experimental and when combined with those 
previously reported,6‘ give some indication of the distribution of these three alkaloids in 
African and Asian Strychnos (see Table 1). 

TABLE 1. THE OCCURRENCE OF ANGUSTINE-TYPE ALKALOIDS IN AFRICAN AKD ASIAN SPECIES OF Strychnos 

Section 
No. of species 

in section* 
No. of species 

examined 

No. of species 
with angustine- 
type alkaloids 

1 Strychnos 
2 Rouhamon 
3 Breviflorae 
4 Penicillatae 
5 Aculeatae 
6 Spinosae 
7 Brevitubae 
8 Lanigerae 
9 Phaeotrichae 

10 Densiflorae 
11 Dolicanthae 
12 Scyphostrychnos 

Total I 

12 
12 
12 
15 

1 
4 

14 
29 

1 
8 
9 
1 

118 

10 
11 
12 
12 
I 
4 

12 
26 

1 
8 
8 

106 

1 
4 
4 
0 
0 
0 
6 
8 
0 
0 
6 
I 

30 

* The 71 known Central and South American species belong to sections 1, 2, and 3 only.8 

There are ca 190 Strychnos species throughout “the world,’ and of the ca 120 
occurring in Africa and Asia8.9 the leaves of 106 have now been screened for 
alkaloids. 6,7 Angustine- t yp e bases have been detected in 30 species, belonging to seven of 
the 12 sections into which the genus is divided.” Table 1 shows that these bases appear in a 
high proportion of the species belonging to the section Dolicanthae. This section has 

5 PHILLIPSON, J. D. and HEMINGWAY, S. R. (1973) unpublished results. 
6 BISSET, N. G. and PHILLIPSON, J. D. (1971) Lloydia 34, 1. 
’ BISSET, N. G. and PHILLIPSON, J. D. (1973) unpublished results. 
8 LEEUWENRERG, A. J. M. (1969) Meded. Landbouwhogesch. Wageningen 69 (lj, 1. 
9 BISSET, N. G., LEENHOUTS, P. W., LEEUWENBERG, A. J. M., PHILCOX, D., TIREI.-ROUDET, C. and VIDAL, J. E. 

(1973) Lloydiu 36, 179. 
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affinity with the Lanigerae. Scyphostrychnos, and Brevitubae.x and through this last section 
with the Breviflorae and Rouhamon; all these sections have species which contain 
angustine-type bases. The five sections in which they have not been found (Table 1) 
comprise African and Asian species which mostly carry little or no alkaloid in their 

leaves. It is noteworthy that, apart from S. angust$lflow, there is no evidence to suggest 
the presence of the yellow alkaloids in any other species, whether rich or poor in 
alkaloids. of the section Strychnos. 

O-Glucose 

(2) (3) 

Angustine and angustoline are possibly derived from a tryptamine unit combined with a 
secologanin unit closely related to gentianine (2).’ In some instances gentianine is an 

artefact formed during extraction procedures by the action of ammonia on glycosides such 
as sweroside,‘O and there is the possibility that angustine is also an artcfact (~1‘ the 
similar case: formation of cantleyine from ammonia and loganin).” Alternatively, 
angustine might arise possibly by reaction of vincoside- or isovincoside-lactam (3) with 
ammonia. Angustine-type alkaloids are present in S. unyzr.sr$oru extracts worked up in the 
absence of ammonia.’ Experiments comparing extracts prepared using either sodium 
carbonate or ammonia have also been carried out on samples of S. CM~I~I~OII~UIXI and 
S. .~o~~~MvuY.?’ and a similar experiment on a sample of M. pu/~jfi)/icl is described in 
Experimental. Angustine is present in extracts prepared by both procedures. although 
more tends to be found in the extracts prepared with ammonia. In spite of these 
findings. angustine-type alkaloids need not be naturally-occurring. since nitrogen- 

containing substances in the plant material may perhaps take over the function of ammonia 
under basic extraction conditions. Whether they occur naturally or not. the presence of 
these alkaloids in plant extracts can be an indication of the presence of vincoside- 
and,‘or isovincoside-lactam and hence of the biogenetically important vincoside.” The 
lactams have in fact been obtained from AJirzu (Nauclecae-RLlbiaceae)‘” and Rhtrz~u 
(Apocynaceae), but again it is questionable whether they- occur naturally.‘4 

That angustine-type alkaloids have not been detected in some species and in some extracts 
of species which otherwise do contain them may perhaps bc connected with seasonal 
variations in the extent of alkaloid biosynthesis; the findings with the monthly 
collections of M. purr(fbiio leaves are a pointer in this direction. However. because of the 
large number of samples examined, it is felt that the restricted distribution of these 

I’ BAXFKSBY. A. R. (1971) in 7‘lir ilI!m[oit/s (SAXTON. J. E.. cd.) (Specialist Periodical Reports). Vol. 1. p. 31, 
The C‘hcmical Socictc. London: SI-.~U~IIOZ. J. (1973) in The ,-I/!,rr/oid’,\ (S~xroh. J. tT.. cd.) (Speci;rlist 
Periodical Reports). Vol. 2, p. I. The Chemical So&t). London: KOMPIS. 1.. HFSSI.. M. and SUMI>, H. 
( I97 I ) Llodiu 34. 369. 
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systems A-D and UV and MS identical with those of the authentic alkaloids. One of the components of the 
mixture had hR, values in the systems A ED identical wjith those of angustidinc. 

K. hernuysii (Ridsdulr s.n.. Territory of New Guinea: Lae, Markham River. ,6X). h-78 p dried tlowers 
yielded 119 mg (1.75”,,) total alkaloid which gave 0.90 mg (OI~13”,,) angustme. having hR, values m 
systems A -D and UV arid MS identical with those of the authentic alkaloid. 

C’. guianensis (R. R. dc Sunto.\ & R. Sarx 16iY. Brazil: Mato Grosso, Sdc~ ttih\ region. 6,6:68). 
TLC examination of the total alkaloid extract+ from the leaves. stems. and Roners showed that essentialI! 
the same bases were present in each extract. 12-52 g combined plant material afforded 3 14 mg (@25”,,) total 
alkaloid which gave 0.7 mg (0.005 y,,) mainly angustine. identified by comparison of the hR, Laluea in the >!stems 
A-D and of the UV and MS with those of the authentic alkaloid. 

(d) Strychnos species. (i) Africtrn species. S. cutnptoneuru (Leeu~~nhe~y M20. Cameroun: (“L 15 km east of 
Dimako, m-/5/65). 2.2 kg powdered leaf was extracted as for (b). using CHICI, instead of CHCI,. and yielded 
621 g (2.829~) total alkaloid. Crystallization from CHZCl, afforded 0.95 g of a mixture of antirhmc and antirhine 
methobromide.” 0.45 g of the residue from the mother-liquors gabc 0.1 g bt,O-holuhic matcrlal which yielded 
17 mg (@008?/,) angustine by prep. TLC using system A. The angustine had hK, values u, systems A D and IJV, 
IR. and MS Identical with those of authentic angustine; accurate mass mcasui-t‘ment found: ?I? I?!)‘). Calc for 
CzOHLjNJO: 313.1215. 

A yellow alkaloid having hR,, values identical with those of angustlne has prevIousI! been reported to occur 
in several African species6 Re-examination by TLC (systems A or C, B. and D) using authentic reference 
alkaloids showed the presence of angustine, angustoline, and angustidine in the extracts of the following leaf 
samples: S. otloruta A. Chev. (Leeuwrnberg 8040; the three bases were also prcscnt In the unripe fruits). 
S. samba Duvign. (Brete[er 2fJ51)> S. achefleri Gilg (Bretel~r, J. de f+‘ilde. & Lrrn,venhpr:/ 2444). S. trichowuro 
Leeuwenberg (Cours -7529), and S. ?tantha Leeuwenberg (Schmirz 7362). Angustine and angustidine wer? indicated 
by similar means to be present in the extracts from S. ungo~ensir Gilg (Brereler. J. t/c, 12’iiricz. & L~~r’irn,l,llhl~r~~ 

2376) and angustine only in S. fiorih~rnda Gilg (Leruwenherg 4506) S. potufcwm L. I’. (leipprrl .SYhS). and 
S. u,wmhurertsis Gilg (Leeu~venhrry 4050. Leerm’enherg 3710. and L~,ru\c~&er~] & I ‘oorho~~~c~ 4935). 

(ii) Asiczn specie.\. D uring the alkaloid screening of Asian species.. anpustinc. angustoline. and angustldine \%ere 
indicated by TLC (systems A, B. and D) to be present in the extracts from the rollowine leaf samples: 
S. unyusriflorcr Benth. (E. c‘llcny \.,I. and Poiltrrle IOXO2), S. her-rlerrl.\i\ Lcenh. (C/cnlc*ny SO?hO). S. ~~rirror Dennst. 
(,V.(;.F. -71692 and Al& ljO3.5). S. O[~L~I~I A. W. HIII (F. Cl~o>v 7fI436 and LIII+I~~I ( rain,. /71Y4j. S. ii~rihc/lo/ci 
(Lour.) Merr. (Linynun L’nir. 17470). and S. run/~ruliii Craib (&lrrii~//on hOO = S. (i~‘!~(‘t, ,I. LV. liill and 
L. Uruy Jr. s.n. = S. $uatlrangu/ari~ 4. W. Hill; the three bases wet-e also present in the \tem bat-k. stem \vood. 
root bark. and root wood of the Wray sampies). Angustine onl! \+:I found jn S. /&~,I.III~II:JI~~ Gi Ip el Bencd. 
[B.S.I.P. X98). 

.~~~~~~o~L./cL/~~,IIIL~~~~s --WC are grateful to the following people for generously supplllng plant materials: Miss 
Rosemar! Angel, Museum of Economic Botanq. Royal Botanic Gardens. Kcw: Dr. L. Angrnot. Instltut dc 
Pharmacle, Universitk de Litgc. Belglum; Dr. P. W. Leenhouts. Rijhshcrbarium. Lcidcn. The Ncthcrlauds; 
Dr. A. J. M. Leeuuenberg. Laboratorium voor Plantens!stematich cn -pcogra(ie. Landbou\~ hogcschool. 
Wageningen, The Netherlands: Mr. D. Philcox. Herbarium. Royal Botanic Gardens. Kc\\. Dt. Maung Maung 
Gale. Union of Burma Applied Research Institute. Rangoon, Burma: Dr. C. I!. Ridsduic. R~Jk~h~rbarium. Leidcn. 
The Netherlands; Professor S. Sakai. Faculty of Pharmaceutical Sc~cnccs. C‘hlba I -ni\cl-\lty. (‘hib;l. Japan: 
Professor F. Sandberg, Kungl. Farmaceutiska Institutet. Stockholm. Sweden: and hlr Bamrung Tantiscw~c. 
College of Pharmacy, Bangkok, Thailand. Dr. H. T. C‘heung, Dcpartmcnt of Pharmac!. i nl\cr\lty i,f Sydney. 
Australia. kindly made available rcfcrence samples of angustinc. angustolinc. and ;tngujtidine. \$‘c thank. 
Mr. D. Carter and Dr. 13. J. Millard, Mass Spectrometry SerLicc. l‘he School of Pharmac!. I’nl\crsit> of London. 
for determining the mass spectra and P. C. M. L-.. Harwell, for the NMK spectrum S. 1~. H thanks 
Chelsea College, Unirer\ity (of London. for the swat-d of ;I Reheal-ch St~tdentshlp. 
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