
D I S T R I B U T I O N  O F  A L K A L O I D S  IN T H E  H I G H E R  P L A N T S  

G.  V.  L a z u r ' e v s k i l  a n d  I .  V. T e r e n t ' e v a  UDC 574.94 +576.12 

One of the urgent p rob l ems  of modern  bioorganic  chem is try is the study of the dependence of the bio-  
logical functions of plant subs tances  on the i r  chemica l  s t ruc tu re .  

By means  of label led a toms,  var ious  chromatograph ic  p rocedures ,  and o rd ina ry  chemical  methods,  
it is s o m e t i m e s  poss ib le  to identify the products  of the me tabo l i sm and to t r a c e  the i r  t r ans fo rma t ions  in 
the p r o c e s s  of the ontogenesis  of the plants .  But, just  as the external  appearance  of plants  changes under 
different conditions of exis tence,  an evolut ionary t r ans fo rma t ion  of the i r  b iochemical  cha r ac t e r i s t i c s  also 
takes  place which in a number  of cases  becomes  he red i t a ry .  Consequently, it appeared  of in teres t  to in- 
vest igate  the connections between the nature  of subs tances  and the posi t ion of the plants  producing them in 
the phylogenctic aspec t .  

Pro te ins ,  nucleotides,  ca rbohydra tes ,  and lipids a r e  found universa l ly  in plants  and the i r  functions 
have been de te rmined  in pr inciple .  However,  the purpose  of the products  of secondary  metabo l i sm - a lka-  
loids, te rpenoids ,  f lavanoids,  and o thers  - is not c l ea r .  These  substances  a r e  dist inguished by s t ruc tu ra l  
speci f ic i ty  and d ive rs i ty  and a r e  found only in individual taxonomic groups.  

In the p resen t  rev iew we cons ider  quest ions of a lka lo id -bear ing  plants inseparab ly  connected with the 
biogenesis  of compounds of this c l a s s .  

No smal l  number  of different hypotheses  concerning the role  of alkaloids in the vital  act ivi ty  of plants 
has been put forward,  and these  have been c r i t i ca l ly  cons idered  in important  monographs  [1, 2]. In recent  
yea r s ,  ideas concerning the act ive  role  of alkaloids in the metabo l i sm have been conf i rmed and developed; 
they a r e  cons idered  to be a pecul ia r  type of accumula to r s  and regu la to rs  of b iochemical  p r o c e s s e s .  A con- 
vinced adherent  of such views is S. Yu. Yunusov [3], who mainta ins  the necess i ty  for  studying plant sub-  
s tances  in dynamics ,  i .e. ,  at var ious  per iods  of vegetation, in var ious  organs,  and in var ious  conditions of 
growth of the plants .  It is imposs ib le  not to ag ree  with this ,  but it must  also be borne in mind that the lo- 
cal izat ion of alkaloids does not a lways coincide with the si te of the i r  format ion  [4]. Biosynthesis  genera l ly  
takes  place  in the roots ,  and f rom there  the alkaloids a r e  t r anspo r t ed  to the epigeal  organs .  In addition to 
this ,  it is known that in me tabo l i sm not only synthes is  but also decomposi t ion to s imp le r  compounds takes  
p lace .  Without going into the detai ls  of the b iochemica l  t r ans fo rma t ions  of alkaloids in ontogenesis ,  we 
may  note that the s t ruc tu ra l  and chemica l  mul t ivar iance  of compounds of this case  cannot be explained if 
thei r  biological  function is cons idered  to be unambiguous.  

Many inves t iga tors  have repea ted ly  a t tempted  to find cha rac t e r i s t i c  fea tures  in the distr ibution of 
a lka lo id-bear ing  plants  in the f lora  of the t e r r e s t i a l  globe [5, 6]. Apart  f rom the poss ib i l i t ies  opened up 
for  the guidance of d i scovery  invest igat ions,  the phylogenetic affinity of plants would pe rmi t  an approach to 
an explanation of the role  of alkaloids in the life of the plants.  But he re  difficult ies a r i s e  that a r e  connected 
with the imperfec t ion  of botanical  c lass i f ica t ion  and the absence  of exhaust ive information on the p resence  
of alkaloids in plants .  

Various s y s t e m s  permi t t ing  the authors  to recons t ruc t  an approx imate  h i s to ry  of the development  of 
vegetation, and to deduce the p r i m a r y  (ancient) f o r m s  f o r m e r l y  populating the ea r th  and the secondary  fo rms  
produced in the p r o c e s s  of evolution have been proposed .  

Such s y s t e m s  a re  cons t ruc ted  on the pr inc ip le  of pass ing  f rom the s imple  to the complex,  mainly  on 
the bas i s  of ana tomic -morpho log ica l  d i f fe rences .  As an auxi l iary  c r i te r ion ,  the resu l t s  of palebotany, 
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cytology, and b iochemis t ry  a r e  used. But it is not so s imple  to deduce with the des i r ed  re l iabi l i ty  the t rue  
affinity re la t ionships  between taxonomic ca tegor ies  (species ,  genera ,  f ami l i e s ,  and orders)  and to show what 
took p lace  in the cour se  of many  mil l ions of y e a r s  under  varying conditions with the action of mutagenic  
f a c to r s  and the immutable  laws of na tura l  se lect ion.  

While ontogenesis  is p r o g r a m m e d  by the genetic code in a definite manne r  and can be repea ted ly  r e -  
produced in exper iment ,  evolution is a p r o c e s s  of probabi l i ty  envisaging accidents ,  exceptions,  and p a r a l -  
lel developments  [8]. All phylogenetic  sy s t ems  a r e  c rea ted  on speculat ive  p r e m i s e s  and a r e  a r b i t r a r y  to a 
g r e a t e r  o r  s m a l l e r  degree  [9]. 

We have made use of Eng l e r ' s  sys tem,  which is the mos t  popular  and in con t ras t  to o t h e r s  has been 
developed as f a r  as genera ,  inclusive,  and on i ts  bas i s  we have cons idered  the l i t e ra tu re  m a t e r i a l s  on the 
a lka lo id -bea r ing  p r o p e r t i e s  of p lants .  

The appendix shows the 60 o rde r s  of h igher  plants  of Eng le r ' s  sy s t em.  Of them,  34 include a lkaloid-  
bea r ing  spec ies .  The re  a r e  140 fami l i es  (40%) containing at leas t  one a lka lo id-bear ing  plant.  Of the 10,615 
genera ,  a lkaloids have been r eco rded  in 926, or  8.7%. Informat ion on the number  of generas  is  given only 
for  f ami l i e s  in which a lka lo id -bear ing  spec ies  have been found. These  plants make  up a compa ra t i ve ly  smal  
sma l l  pa r t  of the world of f lo ra .  

It is imposs ib le  to give the total  number  of spec ies ,  just  as it is imposs ib le  to take into account a lka -  
loid product ion among them accura te ly .  Roughly, about 2% of species  contains alkaloids.  In var ious  l i t e r a -  
tu re  sou rces ,  informat ion on the number  of spec ies  in f ami l i e s  and genera  is not unambiguous,  and s o m e -  
t i m e s  they a re  given in round f igures ,  and the re fo re  the f igures  given in the fourth column of the appendix 
only roughly c h a r a c t e r i z e  the " sca l e s "  of each fami ly .  

As Amer i can  authors  have shown [7], the 3,670 a lka lo id-bear ing  species  of ang iospermous  plants  of 
the t e r r e s t r i a l  globe that  have been cons idered  make up 8.4% of the genera  and 1.9% of the total  number  of 
spec ies  in Hande r sen ' s  sy s t em.  

It would appea r  that the impor tance  of a lka lo id-bear ing  plants can rea l ly  be de te rmined  with a full 
invest igat ion of a definite t e r r i t o r y ,  but such information is unfortunately s p a r s e .  Of the 4,000 spec ies  in 
the USSR that have been t e s t ed  qual i ta t ively for  alkaloids [10], about 400 gave a pos i t ive  react ion.  In a study 
of the wild plants  of Moldavia we found alkaloids in only 6% of spec ies .  Aplin and Cannon [11] invest igated 
the vegetat ion of Wes te rn  Aus t ra l ia .  They analyzed the epigeal  organs  of 1,301 spec ies  of plants  (in the 
f lowering per iod) .  A posi t ive  resu l t  was r eco rded  in 25% of fami l ies ,  14% of genera ,  and 8% of spec ies .  
A high index of alkaloid product ion is given by S. Yu. Yunusov [12] for  plants of the Central  Asian Republics .  
The approach  proposed  by him in the sea rch  fo r  new useful plants with r e spec t  to the s tages  of vegetat ion 
does,  in fact ,  enable them to be taken into account m o r e  fully. 

The d i sc repancy  in the f igures  is obviously due to the c h a r a c t e r i s t i c s  of the regions and the methods 
of ana lys i s  and counting adopted. In this case ,  it is imposs ib le  to expect unambiguous information,  s ince 
alkaloid fo rmat ion  by plants  depends on the ecological  conditions, and the i r  a s s ignment  to the group of 
a lka lo id -bea r ing  plants  (par t i cu la r ly  when they a r e  t es ted  by quali tat ive react ions)  is s o m e t i m e s  given a r b i -  
t r a r i l y  on the bas i s  of subject ive  e s t ima te s  by the authors .  

Never the less ,  although the inventory of a lka lo id-bear ing  plants is not comple te  eve rywhere ,  and the 
informat ion avai lable  cannot be cons idered  sufficiently s t r ic t ,  the genera l  tendency of the i r  d isseminat ion 
and dis tr ibut ion in the s y s t e m  can now be de termined.  

At the end of the 20 's ,  about 300 alkaloids were  known [13], and the s t ruc tu r e s  of only some  tens  of 
t hem had been re l iab ly  proved.  A book by A. P. Orekhov [1] that  was issued in 1938 a l r eady  mentions 500 
vegetable  bases  (the s t r u c t u r e s  of one fifth were  descr ibed) .  

In the f i r s t  edition of Manske ' s  monograph (1950) m o r e  than 1,000 alkaloids a r e  named.  In Raffauf ' s  
detai led handbook [14], which made use  of the information published up to the f i r s t  half  of 1968, inclusive,  
m o r e  then3,500 a re  r ecorded .  This  book gives the names  of the genera  and spec ies ,  and also the alkaloids 
in a lphabet ica l  o rde r .  In addition, the mos t  impor tant  constants ,  the i r  molecu la r  weights,  and the i r  e l e -  
men t a ry  composi t ions  a r e  given (the t abu la r  detai ls  a r e  suitable for  compute r  process ing}.  

We have supplemented this handbook by m a t e r i a l s  for  the following five y e a r s .  The resu l t s  obtained 
a r e  given in the appendix.  This  shows the number  of a lkaloids  belonging to each fami ly .  The total  number  
of alkaloids and genera  is obtained by adding up the individual l is ts ,  with the exclusion of synonyms and 
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cases  where numbers  of compounds a re  found in plants  of different spec ies .  Alkaloids dist inguished as 
s t e r e o i s o m e r s  have been counted sepa ra te ly .  

Up to the middle of 1973, 4,959 alkaloids had been d i scovered  and descr ibed,  and the s t ruc tu r e s  of 3,293 
had been es tabl ished.  Our  s u m m a r y  gives information which is not a m a t t e r  of doubt, being conf i rmed,  as 
a rule,  by the empi r i ca l  fo rmula  of the alkaloid or  by i ts  constants .  

Attention is a t t r ac ted  by the cons iderable  inc rease  in the r a t e s  of studying alkaloids.  This  is due to 
the i r  g rea t  p rac t i ca l  value, to the per fec t ion  of the technique of l abora to ry  exper imen ta t ionwhichpermi t s  the 
s t ruc tu re  of even minor  compounds to be es tabl i shed rapidly,  and, to some extent, to the act ive pa r t i c ipa -  
t ion of the sc ient i s t s  of the Soviet Union who succeeded A. P. Orekhov.  

It is c h a r a c t e r i s t i c  that  in recent  y e a r s  the main subject  of invest igat ion has become plants  belonging 
to f ami l i e s  and genera  p rev ious ly  known to be a lka lo id-bear ing .  The number  of spec ies  and of alkaloids 
isola ted f rom them of which the s t r u c t u r e  has been es tab l i shed  is r i s ing  cons iderably .  

The lower  plants  have been li t t le studied for  alkaloid content; although l i t e ra tu re  information is given 
in the s u m m a r y ,  it has  not been included in the count. The predominat ing number  of a lka lo id -bear ingp lan t s  
is included among the f lowering and ang iospermous  plants .  Among them broad  taxonomic ca tegor ies  a re  
known which combine tens of thousands of spec ies  in which: up to the p resen t  t ime  not a single a lkaloid-  
bear ing  plant has been found (the o rde r s  Pandanales ,  Sal icales ,  Fagales ,  etc.} or  have been found only in 
isola ted ca se s  (the fami l i e s  Amaran taceae ,  Ulmaceae,  Bromel iaceae) .  

Even the re l iable  absence  of a lka lo id-bear ing  plants  in taxonomic groups is  a not unimportant  fact  
for  botanical  s y s t e m a t i c s .  The re  a r e  plants  in which the p r e sence  of alkaloids is a cha r ac t e r i s t i c  b io-  
chemica l  f ea tu re  for  al l  the fami l i es  or  genera .  In the Apocynaceae,  fo r  example,  897 different alkaloids 
have been found. 

The a lka lo id -bea r ing  c h a r a c t e r i s t i c  is a lso  concent ra ted  in the fami l i es  Li l iaceae  and Amary l l idaceae  
among monocotyledonous plants ,  and in Ranunculaceae,  Men i spe rmaceae ,  Papave raceae ,  Leguminosae ,  
Buxaceae,  Logamiaceae ,  Solanaceae,  and Rubiaceae among dicotyledonous plants .  

Such specia l iza t ion  appea r s  even m o r e  c l ea r ly  fo r  individual genera .  The genus Aconitum has proved  
to be the r ichest :  p rac t i ca l ly  all  spec ies  of this genus a r e  a lka lo id-bear ing .  The re  a r e  a lso  many  a lka -  
loids in the genera  Strychnos,  Corydal is ,  Lycopodium, Buxus, Senecio, and Vinca. 

The informat ion given above is insufficient for  m o r e  profound genera l iza t ions .  The alkaloids differ  
fundamental ly  f r o m  one another  in the s t ruc tu re  and p r o p e r t i e s  and, the re fo re ,  it is not just i f ied to expect 
s i m i l a r  functions in the me tabo l i sm f r o m  them.  

It was of in te res t  to e s t ima te  how alkaloids a r e  d is t r ibuted in plants  as a function of the i r  chemical  
specif ic i ty .  In the m a j o r i t y  of monographs  on alkaloids,  they a re  subdivided accord ing  to the nature  of the 
carbon skeleton and the posi t ion of the amine  ni t rogen in it. However,  authors  approach the detai ls  of c l a s s i -  
f ication different ly .  In Bot t ' s  book [15], for  example ,  al l  the compounds with a proven  s t ruc tu re  a r e  divided 
into 58 individual c l a s s e s .  

Mothes [4] c l a ss i f i e s  alkaloids in a s m a l l e r  number  of groups  on the bas i s  of the typical  mechan i sms  
of b iosynthes is ,  which co r r e sponds  m o r e  c lose ly  to biogenetic pr inc ip les .  We have adopted this c l a s s i f i c a -  
t ion as  a bas i s  but have somewhat  modif ied it as  applied to the t a sk  in hand. 

Below we give the abbrev ia ted  indices that  have been used to denote the types  of alkaloids p r edomin -  
ating in each individual fami ly .  

ALP - 

BEL -- 

ISQ- 

ILZ - 

IMI -- 

IND- 

CLC - 

PEP - 

PYR - 

PRZ - 

al tphat ic  amines  P R L -  
belladonna, lycor tne ,  and galanthamine P U R -  

alkaloids  STE - 
isoquinoline and phenanthridinc TER - 

a lkaloids  T R P  - 
indolizidine alkaloids Q Z L -  
imidazole  alkaloids Q I N -  
indole and carbazo le  a lkaloids  
colchicine alkaloids QLZ - 
peptide alkaloids P E N -  
pyridine alkaloids  E R G -  
pyr ro l iz id ine  alkaloids 

pyrro l id ine  alkaloids  
pur ine  alkaloids 
s te ro id  alkaloids 
t e rpene  alkaloids 
t ropane  alkaloids 
quinazoline alkaloids 
quinoline, acr id ine ,  and 

furoquinoline alkaloids  
quinolizidine alkaloids 
phenylethylamine alkaloids 
ergol ine  alkaloids 
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The alkaloids a r e  d is t r ibuted nonuniformly over  these  c l a s se s .  A predominat ing  number  of them 
comes  into the isoquinoline and indole c l a s se s ,  and a compara t ive ly  smal l  number  is known in the purine,  
peptide,  and pyr ro l id ine  c l a s s e s .  

If the alkaloids of definite types  a r e  dis t r ibuted with r e spec t  to taxons,  some  of them prove  to be lo-  
ca l ized in individual fami l i es  or  genera ,  while o thers  a r e  s ca t t e r ed  through ve ry  d ive rse  plants .  Thus,  the 
s te ro id  alkaloids mus t  be cons idered  as typical  for  the fami ly  Buxaceae and the quinoline alkaloids fo r  the 
fami ly  Rutaceae .  

The isoquinoline alkaloids a r e  cons idered  as de r iva t ives  of a roma t i c  amino acids which, in the sub- 
sequent phases  of b iosynthes is ,  undergo complex t r ans fo rma t ions  and give a range of der iva t ives  beginning 
f r o m  s imple  compounds with a hydrogenated he te rocyc l ic  r ing and ending with ba se s  of the b i sbenzy l i so -  
quinoline type.  They a re  a lmos t  cha r ac t e r i s t i c  fo r  the fami l i es  Papave raceae ,  Be rbe r idaeeae ,  Ranuncula-  
ceae,  and Magnol iaceae.  

A typica l  taxonomic cha rac t e r i s t i c  of the fami ly  P a p a v e r a c e a e  is the alkaloid protopine,  which has 
been detected in al l  a lka lo id -bear ing  genera  of this  family .  

The c lass  of indole alkaloids is  p robably  the mos t  he terogeneous .  The initial s tage of the i r  f o r m a -  
tion takes  place ,  as in the case  of the isoquinoline compounds,  through the t ryptophan me tabo l i sm,  leading 
to abundant branching of the d i rec t ions  of b iosynthes is  and to s t ruc tura l  d ivers i ty .  The mos t  typica l  " in-  
dole" f ami l i e s  a re  the Apocynaceae,  Loganiaceae,  Rutaceae,  and Asclepiadaceae ,  fo r  which alkaloids se rve  
as an ex t r eme ly  specif ic  chemotaxonomic  cha rac t e r i s t i c .  

It is r e m a r k a b l e  that  some spec ies  of plants  a re  dist inguished by an exceptional  d ive r s i ty  o f  indole 
de r iva t ives .  Thus,  Vinca rosen  contains 64 different  alkaloids,  and Rauwolfia vomi to r ia  35. This  shows 
some  specif ic  role  of tndole compounds in the vital  ac t iv i ty  of the plants .  

The s te ro id  and t e rpene  alkaloids,  which a re  dist inguished by a pecu l ia r  mechan i sm of b iosynthes is  
and a r e  concent ra ted  in the fami l i es  Buxaceae,  L i l iaceae ,  and Solanaceae,  a r e  of undoubted in te res t  for  
chemotaxonomy.  

Organic  bases  widely dis t r ibuted in plants  a re  known which a re  not connected to one another  by a c lose  
phylogenetic  re la t ionship.  As a rule ,  these  subs tances  a r e  of low molecu la r  weight and of compara t i ve ly  
s imple  s t ruc tu re .  They a re  apparent ly  not so specif ic  and show no value for  taxonomy.  F o r  example ,  
pu t re sc ine  (C4H12N2} has  been r eco rded  in nine different  fami l ies ,  h is tamine  (CsHsN 3) in 23, t y r a m i n e  
(CsH4NO) in 20, s tachydr ine  (CTHI3NO 2) in 10, serotonin (CIoH12N20) in 13, and caffeine (CsH10N402) in 16. 
Hegnauer  [16] does not even cons ider  such subs tances  to be alkaloids and cal ls  them protoalkaloids  or  b io-  
genic amines ;  they a r e  obviously d i rec t ly  re la ted  to the amino acids .  They a re  widely dis t r ibuted in plants  
(but do not accumulate},  playing the role  of act ive in te rmedia te  products  of the me tabo l i sm .  

All known alkaloids vary  in mo lecu la r  weight within wide l imi ts .  But the predominat ing number  of 
them a re  compounds with f rom 15 to 27 carbon a toms and one or two ni trogen a toms .  Alkaloids with m o -  
l ecu la r  weights g r e a t e r  than 500 a re  found in plants  r a r e ly ,  and among them bases  of the b imolecu la r  type 
and glycoalkaloids p redomina te .  Biogenetically,  they are  cons idered  as  o rd ina ry  alkaloids.  

The scope of this pape r  does not pe rmi t  a d iscuss ion  in it of the m o r e  profound consequences  a r i s ing  
f r o m  informat ion on the dis tr ibut ion of a lka lo id-bear ing  plants and alkaloids.  We cons ider  that  this cove r s  
e x t r e m e l y  in teres t ing  poss ib i l i t i es  for  general izat ion,  pa r t i cu l a r l y  if the informat ion on alkaloid product ion 
is  cons idered  in the light of o ther  phylogenetic s y s t e m s  and also if s im i l a r  counts a r e  made in the t e r p e n -  
old, s teroid,  coumarin ,  and flavanoid s e r i e s .  

Having avai lable  m o r e  or  l ess  comple te  and re l i ab le  information on the specif ic  subs tances  of plants ,  
i t  is poss ib le  not only to deduce phylogenetic in te r re la t ionsh ip  s and cha rac t e r i s t i c s ,  but a lso,  by using a 
computer ,  rap id ly  to obtain e x t r e m e l y  valuable informat ion of a chemica l  na ture  on substances  with a given 
composi t ion and phys ica l  constants  and also on plants  in which they a r e  p resen t .  

The tota l  number  of f ami l i e s  in this s y s t e m  is 327, of which 140 include a lka lo id-bear ing  spec ies .  
The tota l  number  of spec ies  in the fami l i es  given is about 10,0O0 and of these  a lmos t  one tenth include 
a lka lo id -bea r ing  plants .  

It is  imposs ib le  to total  the number  of alkaloids in this  case ,  since identical  subs tances  a r e  found in 
different  taxons .  
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A P P E N D I X .  D i s t r i b u t i o n  of  A l k a l o i d - B e a r i n g  P l a n t s  and  
A l k a l o i d s  * 

Taxonomic groups 
(classes, orders, 
families) 

Lower plants 
(for refereaoe) 

Agarlcaceae 
Fungi 
Algaceae 
Claviceps 
Pteridophytes 

Eq ulsetaceae 
' Lycopodiaceae 

Flowering plants, 
gymnosperms 

1. O~kgoales 
Oinkgoaceae 

2. Oonlferae 
Taxaceae 
Cycadaceae 
Plnaceae 

3. Onetales 
Ephedraceae 

Angiosperms, mono- 
coty~edom 

4. Pandanales 
5. Heloblae 
0. Trlurldales 
7. Glumfflorae 

Cyperaceae 
Gramlneae (Poaceae 

8. Princlpes 
Ralmae 

9. Synanthae 
10. Spath i[Iorae 

Araceae 
l l .  Farlnoaae 

Bromellaceae 
12. Lll l f lorae 

Stemonaceae 
Llllaceac 
Amaryllldaceac 
l)loscoreaceae 
lrldaceae 

13. Scltamlneae 
biusaceae 

14. bllcrospermae 
Orchid aceae 

Dicotyledons 

1.5. Vertlcillatae 
10. Plperales 

Plperaceae 
17. Hydrostach iales 
18. Sallcales 
19. Garrlales 
20. blyrlcales 

Mvrlstlcaceae 
21. BalanoFsidales 
22. Leltnerlales 
93. Juglandales 
24. Julianlales 
25. Batldales 
26. Fagales 
27. Urtlcales 

Ulmaceae 
Moraceae 
Urtlcaceae 

28. Podoatemonales 
29. Proteales 
• 30. Santalales 

Santalaceae 
Loranthaceae 

31. Arlstolochlales 
Aristolochlaceae 

39. Balanophorales 
3.3. Polygonales 

Polygonaceae 

Total No. of 

--1 

9 250 

-io[ 

352 

;3 

1 
1 
1 
1 
1 
1 
4 

45 
1 
1 

40 1 
8 

21 ~3  
1 

No. of 
alka- 
loid- 
bearing 
species 

l~otal No. /I 
o f a l k a - /  [ 
[°idSAth l 

~tructures I 

Symbol for the 
predominating 
type of alkaloids 

21 
9 
3 
I 

-i 

1 
-? 

m 

m 

2 
16 
-? 

8 

1 

32 
36 

1 
1 

10 

-i 

I 
5 
8 

5 
2 

4 

35/~ 
4~/33 
5/5 
52/4,5 

5/3 
] 0 0 / ~  

~0 

9:2 
66  
2/2 

9/6 

m 

~/7 
46/40 

1312 

70 

228/120 
187/117  

6i6 
2i 2 

~0  

401--.37 

1~14 

!/o 
15i12 
11/8 

8/2 

21/14 

ALF, IND, IMF 
PYI~ ALF, ERG 
PRL, ALF 
ERG 

PYR 
QLZ, QIN 

PEN 
ALP 
PYR 

PEN 

IND 
PRZ, IND 

PYR 

ISQ 

IND 

ILZ 
STE, CLC 
BEL, ISQ 
TRP 
CLC 

PEN, PYR 

TER, P-RZ 

PYFL P-P,L 

IND 

PRY 
PYR, IMI 

PRZ 
PEN 

ISQ, PEN-" 

IND 
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APPENDIX (continued) 

Total 
Taxonomic groups 
(classes, orders, .~ 
families) ~ 

, v~. 

34. (entrcspermae 
Chenopod iaceae 
Amaranthaceae 
Nyctaglnaceae 
Phytolaccaceae 
Atzoaceae 

35. Ranales 
Nymphaceae 
Ranunculaceae 
Berber Idaceae 
Men icpermaceae 
Magnol iaceae 
Hlmantandraceae 
C~lycan t haceae 
A n o n f l t ' e a e  

Mort Jmlaceae 
Lauraceae 
Hernand iaceae 
Eupoma t laceae 

36. Rhoeadales 
Papaveraceae 
Cappar idaceae 
Crueiferae (Brassl- 

caceae) 
Resedaceae 
Morlngaceae 

37. Sorraceniale~, 
Sarracen iaceae 
Nepenthaeeae 
Droseraceae 

38. Resales 
Crassulaceae 
Saxlfragaceae 
Hamamelldaeeae 
Rosaceae 
Legunllnosae (Fa- 

baceae) 
39. Pandales 
40. Oeran lales 

Oeranlaceae 
L|naceae 
Erytroxylaceae 
Zygophyllaceae 
Rutaceae 
S lmarubaceae 
Meliaceae 
Malpighi aceae 
Polygal/aceae 
Euphorblaceae 
Pand aceae 

41. Saplndales 
Buxaceae 
Anacard laceae 
Aquilollaceae 
Celastraceae 
Icaelnaceae 
Aceraceae 
Saplndaceae 
Mellanthace ae 

42. Rhamnales 
Rhamn aceae 

43. Malvales 
Etaeocarpaceae 
Malvaeeae 
Bombaceae 
Stercul laceae 

44. Par letales 
Dlllen!aceae 
Theaceae 
Flacourt iaceae 
Tovarlaceae 
Vlolaeeae 
Turneraeeae 
Passlfloraceae 
Carlc aceae 

45. Opunt lales 
Cactaceae 

23 

2 

8 

33 

No. of 

12 
84 

1 

45 
150 

6 
1 

3 
1 
4 

35 
35 
24 

lI5 
550 

8 
C 
4 

21 
18( 
3C 
5( 
6( 
14 

29( 

I 
3( 

4 
5t 
4t 

c 

14(: 
q 

61 

1( 
9C 
2~ 

-6( 

8C 
1 

2( 
4 

2O( 

~0  

120 
450 

650 
450 
213o 

50O 
000 

 -oo 
900 

3000 

75 
10 

16 
75 

100 

1450 
6OO 
100 

3OOO 
20OO 

8OO 
250 
200 
250 

1600 
200 

1400 
87O 
900 

7500 
26 

6O 
6OO 
440 
85O 
40O 
150 

1600 
35 

80O 

4OO 
1570 
190 

I000 

5.30 
55O 

1250 
2 

850 
120 
650 
45 

20O0 

alka- 
loid- oids / 

species / l i s h e d  
/~tlllCtUreS 

Symbol for the 
predominating 
type of alkaloids 

50,37 
l /1  
4 ,'2 
3/2 

20/16 

37 ~31 
312/170 
75/61 

210,151 
65732 
15 '6 
5/5 

38/31 
52;47 

I01/83 
27;25 

l / I  

378 ~220 
7/6 

23 17 

2!2 
I ' I  

1¥ 
11 
1 / 1 

6/4 
1/0 
4,,'4 

342 i'241 

1 [  
20)20 
19 17 

3o9i'248 
9 6  
6 0  
5,4 
1/o 

13o,99 
3,2 

153~26 
2"1 
3~3 

37,18 
3/2 
1/l 
6/4 
6,0 

39~ 
19 ;T9 
4/4 
4/4 
7/5 

6/6 
2/2 
3;3 
2/2 
1[l 
4f3 
2/2 

53 i-~1 

PYR, Qf'Z, ISQ 
IND 
PEN, PUR 
PEN,PUR 
!ND, PEN 

iSQo QLZ 
TER, ISQ 
QLZ, ISQ 
ISQ 
ISQ, PYR 
ext', T~-R 
ND 

ISQ 
ISQ 
ISQ 
ISQ 
ISQ 

1SQ 
PRL 
IND, PEP, ALP 

END 
PEN 

[MI 
[M1 

PYR 
QLZ • 

PEN 
PLZ, QLZ, IND 

ALP, PEN, PUR 
IMI 
TRP, PRL 
QLZ, IND 
QIN, ISQ, IND 
IND 

IND 

IS~, ILZ, TER 
PEN 

s& 
IND 
PUR 
TEll, PEN, ISQ 
PUR, QLZ 
IND 
PUR 

P ~ ,  ISQ 

IG 
PEN, IND, IMI 
PEP 
PEP, PUR 

PIER, TRP 
PUR 
TEl1, PEP 
IND, ALP 
QLZ, PYR 
PUR 
IND 
PYR 

PfN, ISQ 
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APPENDIX (continued) 

Taxonomic groups 
(classes, orders, 
families) 

,16. Myrtiflorae 
F.laeagnaceae 
Lythraceae 
Pun lcaceae 
Rhlzophoraceae 
Combretaceae 
Myrtaceae 
Aral iaceae 

47. U mbelllflorae 
Umbelllferae 

(Aplaceae) 
Cornaceae 
Nyssaceae 
Alangaceae 
Oarryaceae 

48. Dlapenslales 
49. Erlcales 

Erlcaceae 
,,50. Primulales 

Myr~t,accae 
51. Plumbaglnales 

plumbaglnaceae 
52. Ebenales 

Sapotaceae 
Symplocaceae 

53. Contortae 
Oleaceae 
Salvadoraceae 
Loganlaceae 
Gentlanaceae 
Apocynaceae 
Asclepladaceae 

54. Tubtllorae 
Convolvulaceae 
Boraglnaceae 
Verbenaceae 
Lablatae (Lamla- 

ceae) 
Solanaceae 
Scrophul ar iaceae 
Blgnonlaceae 
Orobanchaceae 
Lentr lbular laceae 
Acanthaceae 

55. Planlaglnales 
Plantaglnaceae 

56. Rublales 
Rublaceae 
Caprlfoltaceae 
Valerlanaceae 
Dlpsacaceae 

57. Cucurbttales 
Cucurbttaceae 

58. Campanulatae 
Campanulaceae 
Composltae (Aste- 

raceae) 

Total No. of 

23 ,500 
1 2 

16 120 
18 550 

100 1000 
TO 850 

5 - -  - -  

300 ~000 

15 110 
2 [ 9 
1 I 20 

21 '7 1 - -  
4 . . . .  

30 I 2500 
3 

38 1(~)0 

1 
10 25O 

7 
6O 800 

1 610 
6 

29 6OO 
3 12 

32 100 
70 1100 

200 2000 
290 2000 

2 
50 1150 

1 O0 2000 
100 2600 
200 3500 

85 2500 
2OO 3OOO 
120 I 800 

1:3 . 160 
5 :300 

250 2600 

3 265 

7OOO 
19 950 
13 420 
10 v80 

1 12o 
6 - - -  

1000 

No. of TotalNo./1 
of alka = /  

alka= . loids//wit h Symbol for the ) loid= predominating 
bearing .,~stab= type of alkaloids 
species Aished 

/~tmctuxes 

toy 
42,39 
5/5 
6/4 
3~2 
1/0 
4[4 

15 ~) 

1;1 
2i2 

:32 I t  
5i5 

4 /3  

l / l  

4/3 

2fl 
3/8 

178/95 
31/1o 

897/643 
20/14 

22/15 
64/56 
7/2 

17/10 

1621115 
17/19- 
9/8 
1/0  
2<2 

23/12 

174/'i-07 
4/1 
8,5 
2,2 

s,o 

40/30 
134,70 

5 
I 
zt 

2 
1 
2 

9 

1 
1 
l 
1 

2 

3 

-i 

1 

3 
1 
7 
7 

55 
13 

5 
15 
5 

11 

27 
7 
4 
1 
2 
4 

-i 

4 

IND 
QLZ, PYR 
PYR 
PRZ, PRL 
PYR 

QZL, PYR 

P'TR 
PEN 
QIN 
ISQ, IND 
TER 

PfRB ISQ, IND 

ISQ 

P,TR 
PP, Z 
ISO, IND 

PTR 
PYR 
IND 
PYR 
IND, STE 
ISO, PYR 

ERG, IND 
PRZ 
PRL 
PRL, PYR 

STE, TRP 
PYR, QLZ 
PYR, IND 

TRP, IMI 
QLZ, IMI 

PYR, IMI 

IND, QIN, QLZ 
PEN 
PYR 
ISQ, PYR 

P~R, PRZ, ISQ 
PRZ, PyR, TER 

* T h e  n u m b e r  o f  f a m i l i e s  a n d  g e n e r a  i n  t h e  f l o r a  of  t h e  t e r r e s t i a l  g l o b e  
w a s  t a k e n  f r o m  t h e  m o n o g r a p h  o f  V. S. S o k o l o v  " A l k a l o i d - B e a r i n g  

P l a n t s  o f  t h e  USSR" (1952)  a n d  w a s  s u p p l e m e n t e d  b y  i n f o r m a t i o n  f r o m  

A.  L .  T a k h t a d z h a n :  . S y s t e m  a n d  P h y l o g e n y  o f  F l o w e r i n g  P l a n t s "  (1966) .  

T h e  n u m b e r  o f  s p e c i e s  i n  t h e  a l k a l o i d - b e a r i n g  f a m i l i e s  i s  a p a r t i c u -  

l a r l y  r o u g h  e s t i m a t e .  
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