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CHAPTER I 

INTRODUCTION 

A. An Introductory Note 

Taxonomy has been defined as "the study of classificat­

ion, including its bases, principles, procedures and rules;" 

(Simpson 1961). An alternative definition (of systematics) 

is "the sc1ent1fic study of the kinds and di veral ty of organ­

isms and of any and all relationships among them." Taxonomy 

is therefore, one of the oldest fields of biological science; 

because in order to classify, even at the most elementary 

levels, man had to identify organisms. This necessitated 

observing, and making comparisons, 1ntegrating specifie data 

and developing generalizations from these. Since this 1s the 

case, one may suggest that taxonomy is an outdated science, 

as almost everything has been nsmed and 'pigeon-holed' already. 

It must be borne in mind, however, that early scientiste were 

merely concerned with writing descriptions and giving names, 

while in modern days taxonomists are interested in more than 

describing and naming species. Now they attempt to establish 

relationships and affinities with more accuracy. 

Any attempt by man to categorize naturel variations must 

by necessity result in differences depending on the approach used 

in distinguishing various observable criteria. Terms (categories) 
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like species, genus, tribe, family, order, etc. may be 

regarded as highly arbitrary. For exemple, one worker 

might recognize ten or fifteen genera as a given family, 

while another might designate a single genus for the same 

group, and place ten or fifteen species within this major 

taxon. While both agree on the number of biological entit­

ies involved, they differ as to their rank within the larger 

group. Since the early 1900 1 s taxonomiste have been employ­

ing new methode to gather data and make their interpretations 

regarding the limita and degrees of existing relationships. 

These methode include cytology, serology, genetics, anatomy, 

embryology, statistics and chemistry. 

Chemo-taxonomy has a vital role as a complementary method 

to taxonomy. Chemistry enlarges the scope of taxonomie research, 

and many more characters are available for comparison and eval-

uation through 1ts use. While leaf shape, flower colour and 

other obvious morphological characters are very valuable, the 

infinite number of chemical constituants of plants, which may 

be s1gn1f1cant in illustrating relationships, provide an 1ncreased 

basis for finding affinities. T.hese "secrets" of nature can be 

revealed by the use of various chemical tests, in whlch, not 

only the abundance of occurrence, but also the restricted pres­

ence or lack of certain constituants become important. For 

exemple, the alkaloid protopine is considered an indicator of 

the family Papaveraceae, since it is rarely found elsewhere. 
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In this osse the restrioted occurrence mskes the constituent 

signi.t'ioant in a study of' at.t'i,ni ty. On the other hand, 

suorose oocurs commonly throughou t the plan~ kingdom, and 

is there.t'ore chemo-taxonomioally4 not important. However, 

if it were disoovered that a certain group of' plants was 

entirely suorose-.t'ree, then this oharaoter would assume prom­

inenoe in regard to its relationship to other ~oups. Suoh 

possibilities exist and 1t was through ohemo-taxonomy, that 

researohers round new elues and .t'ollowed them up with a new 

surge of' interest. This paper is oonoerned with some aspects 

of' this type of' investigation. The order it is dealing w1 th 

is well known and of' importance .t'ar beyond its mere botanioal 

aspects. The order Rhoeadales is oamposed of' .t'am1lies grow­

ing all over the world. Members of the Cruciferae ( oabbage, 

turnip, radish, rape, etc.) serve as food .t'or man and animals. 

Spices (mustard .t'rom the Cruoi.ferae, and oapers .t'rom the 

Capparidaoeae) and narcotics (opium, morphine, etc • .t'rom the 

Papaveraceae) are produced within this order. Besides these 

use.t'ul oommodities are seme other produots which are suspected 

of' being dangerous, for exemple, the goitregenic substances of 

the Brassicae, which are of great lnterest to researchers for 

their medical implications. 



- 9 -

B. The Purpose of this Research 

Several years ago, (at least ten) Prof. R. Darnley Gibbs 

realized that the order Rhoeadales presented an interesting 

taxonomie problem by virtue of the many and diverse opinions 

which had been expressed on i ts clc.ssification. He also 

felt, that having only seven families (according to Engler 

and Diels) this order could be worked on from many points of 

view more readily than a larger, less manageable one. With 

this in mind, he did some preliminary research, and later 

passed the problem on to a former student, who investigated 

the cyanogenetic glycosides1 ~ The findings of both these 

workers are incorporated in this paper. In 1961 Dr. Gibbs 

suggested that I should investigate the family relationships 

of the same order in the light of a wider array of chemical 

constituants. 

. .. 2 
Despite a recent work of Hegnauer on the classification 

of the order Rhoeadales, it was felt that further research was 

necessary, as his survey considered only a few chemical char-

actera. However, his paper served as a spring-board for this 

work, in which the purpose was to investigate the order Rhoeadales 

iJ.M. Honeyman, (1956) "On the occurrence of cyanogenetic 
glycosides in the O. Rhoeadales". Taxon Vol. V, No. 2, pp. 33-34· 

2R. Hegnauer, (1961) Die Gliederung der Rhoeadales sensu 
Wettstein im Lichte der Inhaltstoffe. Planta Medica 9: 37-46. 
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using chemical tests with a view to add some research find­

ings about: (a) f'u:rthe:r chemical characte:rs or the familj~s, 

(b) affinities and/or absence or affinities between the 

ramilles gene:rally conside:red to cons ti tu te the orde:r • ( c) 

gaps in the knowledge or these familles, which might rac11-

1tate any fu:rther work done on this group. It was hoped that 

these investigations would lend support to, o:r aid in refut­

ing some or the more recent classifications of the o:rde:r. 

Hutchinson's "Familles of flowe:ring plants", (1959) was used 

as a general frame or :ref'erence for a critical review or 

o:rthodox taxonomy as opposed to the olde:r views or say Engler 

and Diels. 

c •. Bistorioal Background 

Taxonomy was first based on cha:racte:rs identifiable by the 

human senso:rium. The earliest classification g:rouped plants 

according to f'orm and aize into trees, sh:rubs, and herba. In 

the years between 1686 - 1704 a step fo:rward was made by John 

Ray, who in "Historia Plantarum", divided plants lnto two groups: 

'"Imperfect" ·- apparently without flowers or seeds and spring­

ing up spontaneously (Fungi, Algae and some kind of Mosses)"', 

and '"More nearly perfect" - wi th flowers and seeds11 1 • He 

turther divided the second group on the basis of their seeds1• 

lR. Darnley Gibbs, Botany (Philadelphia: Blakiston 
Company, 1950), P• 338. 
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Later, gradually also content matter of plants was 

considered~ chiefly in relation to drug plants. In those 

deys the physicien was a botanist, wi th his indispensible 

herb garden, and his interest was the grouping of plants 

having similar "virtues" or medicinal properties. For ex­

ample1, in 1699 James Petiver reported that •••• "the Herbae 

Umbelliferae" were generally round to be endowed with a 

'Carminative Teste and Smell', powerful expellers of Wind, 

and therefore good in all flatulent Diseases, and of great 

use in the chollick, etc. To cite a few for exemple, as 

Anisa, Caraway, Cummin, Angelica, Smallage, Parsley, Lovage, 

etc." Petiver also mentions the Cruciferae as follows: 

"3· We proceé'<l to those herba wh1ch have a Tetrapet­
alose Reguler Flower ••• the most Essentiel Vertue 
and use of the Herbe of this class I observe are more 
particularly in the leaves and seeds, and next them 
the r.oots, and if any part is slighéd it is the 
Flowers and Podds. The leaves are more particulsrly 
used in the Water ànd Garden Crasses, Sea and Garden 
Scurvy•grass, Hedge-Mustard, Iberis ·~· Others of 
this ramily that are more peeuliarly eminent tor the 
Vertue contained in their seed, are the common Mustard 
and Rape ••• I am certain the affects of many of these 
herba ••• are by most, if not all Physi tians, as well 
Antient as Mordern, allowed to be extraordinary 
Di ure ticks and An tiscorbu ticks. tt 

The history of the various classifications of Rhoeadales 

by eminent taxonomiste over the years is rather ln teresting2• 

lR. Darnley Gibbs, "History of Chemical Taxonomy", in 
Chemical Plant Taxonomy, Edit. T. Swain, (London. New York: 
Academie Press_, 1963), PP• 42·44• 

2a. Harms, Die natürliohen Pflanzenfamilien, (Leipzig: 
Engelmann, 1936) Vol. 17b, PP• 1-4. 
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According to Linné's sexual system (1738), the largest group 

of the Cruciferae was the 15th Class Tetradymannia, which was 

divided into Siliculoae and Siliquose; also Cleome was con­

aidéred t.o belong to them. In the draft of his "natural syst­

ems", Papaveraceae were in Ordo XXX, Capparidaceae in the next 

one, Hypecoum and Fumaria in Ordo XXVIII; the Cruciferae were 

far removed in Ordo LVII. 

Earlier systematists had already sorne recognition of the 

"natural" system: Caesalpinus (1583) included Cruciferae in 

his group VII: ijerbaceae bin's conceptualis. Morison (1680) 

considered the main relatives of his Siliquosae to be the 

Cruciferae and sorne of the typical Papaveraceae. Joh. Rajus 

(1682) and H. Boerhaave (1710 - 1720) had somewhat similar 

opinions. Their group Te talae, Cruciformes, Siliculosae, 

~ Siliquosae comprised Cruciferae, Papaver and Cleome (as 

Sina;istrum). Tournefort (1694) related Cruciferae under the 

name Cruciformes, together with Hypecoum, Chelidonium and Cleome; 

he made sorne quite unique deviations too. A.L. de Jussieu (1789) 

places Papavera:ceae · a:Cter. ,Rannnaùlaceae:'~àlllo"Wèd <9Y' 'Crruai'fera~, 

.Capparides and Sapindalea. Resedales he grouped under "Genera 

Capparidibus affinia" whereas ~arcgravia, Norantea, Drosera, and 

Parnassia, were placed in far removed areas of the system. 

Moringa he included in Leguminosae. Bartling's (1830) Rhoeadeae 

comprised Tremandreae, Po , Fumariaceae, Papaveraceae, 

Cru ci ferae, and Capparidacêae. End,lichér' s ( 1839) Rhoeadales 
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consista of Papaveraceae, Gruc!ferae, Resedaceae, Datiscaceae; 

the la St· ., one now belonging to the Parietales. Moringeae are 

still under Leguminosae. L!ndley (1836) comb!ned Alliance I, 

Cruciales of the Parietosae,the Cruciferae or Brassicaceae, 

· Capparidaceae and Resedaceae; on the other band, Pa pavera ceae 

with its suborder Fumarieae, are assigned to Renales and 

Moringaceae to Violales. In a later work (1853), he separated 

Fumariaceae and included them ln Berberales. This list of 

early systematists could be prolonged and great variances shown. 

Sorne of the more controversial ones were A. Brongniart (1850), 

Bentham and Hooker (1862), Baillon (1872), A.W. Eichler (1878), 

A. Kerner etc., un til via the· "Konigsberger Stammbaum", 

Wettstein in his handbook (1924) concludes about Rhoeadales 

(Papaveraceae, Tovariaceae, CaEparidaceae, Cruciferae, Resedaceae 

and Moringaceae) that •••• 

"the relatlonship of the familles comprising this order 
is wi thout any doubt; as was recently proven serod1ag­
nost1cally in c1ear reactions by Alfred Preuss and 
morphological1y by thorough investigations of Murbeck." 

Also in.1924, Engler and Gilg olassified Rhoeada1es. 

Their system was as follows: 

Suborder 1. Rhoeadineae. Flowers heterochlamydic; mostly 

on1y two petals. Papaveraoeae • 

.Suborder 2. Cam>atfdineàEJ. Flowers heterochlamydic; four or 

,. tl:~.5,.e pe tala. CapparidaceaE!, Tovariaceae, Cruc­

iferae. 

Suborder 3· Heséq~neae. Flowers spirocyclic, heterochlamydic. 

Re sedsoeae. · 
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Suborder 4. Moringineae. Flowers cyclic, heterochlamydic, 

zygomorphic. Moringaèeae. 

Sùborder 5. l3retschneiderineae. Flowers slightly zygomorphiç, 

heterochlamydic. Bretschneideraceae. 

The same order is followed in the second edition of Engler and 

Prantl's "Die Natürlichen Pflanzenfamilien" (1936). 

Engler recognized that morphological criteria alone are 

insufficient, and studies in floral anatomy (Saunders, Eames, 

Wilson, Dicksen) in the early 30's called for newer and more 

differentiated criteria for taxonomical considerations. 

Engler was not alone in this feeling, because around this time 

other taxonomiste began to realize that "the connection between 

the natural relationships of plants and their chemical compos­

ition" could be significant. These were the beginnings of 

"comparative phytochemistry". Between 1917 and 1945 McNair1 

published several papers in which he attempted (unsuccessfully) 

to apply comparative chemistry generally, to taxonomy. Since 

that time, the concept has gained ground, and increasing 

research is being done to solve problems of disputed relation­

ships using this method. 

Consider the order Tubiflorae, for example. According 

to the Engler and Diels classification (1936 1 llth edition) the 

Tubiflorae (6th order of the Sympetalae) is an order of twenty-

1
Gibbs, op. cit. p. 47 
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two familles, including more than 1000 genera and about 

20,000 species. In this order are auch well known familles 

as the Solsnaceae, Labistae,Convolvulaceae, etc. One would 

think that relationships of· auch economically important 

familles would have been rully estsblished long ego. However, 

this is not the case. Hutchinson (1959) splits some of Engler 

and Diels fsmilies, resulting with twenty-eight familles in­

stesd of twenty-two; and these he distributes in four major 

groups as end lines of evolution1 • If Hutchinson ,is t!ight, 

there should be considerablt.t differencet between the groups; 

but on the other band, if Engler and Diels were right1 these 

familles should be a homogeneous' group, and thererore of sim­

ilar chemical characteristics. Dr. Gibba2 worked on this order 

using comparative chemistry, and concluded that the group wss 

homogeneous, more.in agreement with Engler and Diels. 

Another disputed order. is the Geraniales; in which Engler 

and Diels put twenty-one ramilles. Hu tchinson; spli ts them 

up into woody and herbàceous linas; and instead of twenty-one, 

his arder Geran1ales4 bas only three familles, developing from .. 

1R. Darnley·Gibbs, "Comparative Chemistry of Plants 
as applied to a Problem of Systematics: The Tubiflorae," 
'Trans. Royal Socle tt or Canada, Vol. LVI ; Series lll : 
June, 1962. :Sect. 11 • PP• 14li, 145· 

2 Ibid• P• 158. 

;J. Hutchinson, The Famllies of Flower1ng Plants, 
(Oxford: 2nd ed., Vol. I~ 1959) p. 12o. 

4rbid. PP• 108, 117. 
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the herbaceous Renales. The other familles are distributed 

along branches from the woody Magnoliales. Currently 

research ls underway at McG111, lnvestlgatlng the chemo­

taxonomy of this order. 

A thlrd exemple of controversy ls to be round ln the 

order Rhoeadales, wi th which this paper is concerned. Engler 

and Diels (1936) place seven familles· ln this order: Crucif-

~~ Capparidaceae, Resedaèeae, Papaversceae, Morlngsceae, 

Bretschnelderaceae and Tovariaceae. Hutchinson1 (1959) con­

sidera these familles as being representatives of two distinct 

llnes of development. 

In his 1959 edition of "Familles of nowerlng plantstt, 

he mada a slgnlflcant rearrangement of the order Rhoeadales 

(sensu Wettsteln 1935). In the soheme of Wettsteln and many 

other taxonomlsts, the Rhoeadales (= Brassicales according to 

Pulle) ls a naturel unit derivlng direotly from the Polyoarplcae. 

In this order they place the familles Papaveraceae, Capparidaoeae, 

Cruclferae, Moringaceae, Tovariaceae. In 1956 Moritz and Rohn2, 

uslng lmproved serologlcal methods, showed that the familles 

1 
Ibid. PP• 108, 117. 

2o. Moritz and H.L. Rohn, "Untersuchungen zum Problem 
der serologlschen Fernreaktionen", Planta, ~7: (1956) PP• 16-~6. 
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oombined as Rhoeadales form a natural group. Hutohinson on 

the other hand, believes that in the old Rhoeadales there 

are representatives of two entirely different lines of dev­

elopment (herbaoeous and woody). Aocordingly, he has made 

a new classification of the order. Capparidaceae, Tovariaoeae, 

and Moringaoeae form for hlm the order Capparidales; whioh 

derives from the Pittospora~s~- The remaining familles he 

inoludes in three monof~~ilialorders, deriving from the 

Renales. (See Fig. 1). 



Figure 1. The position of Familles of Rhoeadales {scoording to Wettstein), 
in the System of Hutchinson (1959). 

Magnolisles~ ~1llen1sles ~ Bixales____, Pi ttosporales~ Cap__E!ridales 

1 
(~Earidaceae) 

(Woody) (Moringacese) 

( Herbaceous) 

,Proa\permaa 

Rans les 
~ Rh.oeadale.s~ Cruciales ~Resedacese 

(Papa vers ceae) (Cruciferae) (Reseda ce se) 
(Fuma ria ceae; 

(Tovariaceae) 

Figure 2. The Position of the Familles of the Rhoeadales {aocording to Wettstein), 
in the System of Takhtajan {1959). 

7 
Magnoliales 

Papavers les 
(Papa vera ceae ~ 
(Fuma ris oeae) 

~ . 
· Dilleniale s--> Cistales ~ Capparidales 

(Reseda ce se) 
(Capparidaceae) 
(Moringaoeae) 
(Brassicaceae) 

1-' 
C:J 
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Also in 1959, Takhtajan made a new classification of 

the Rhoeadales. He split off Papaveraceae, and included 

them in the arder Papaverales (as Papaveraceae s. stricto + 

Fumariaceae). The remaining families he combined in the 

t;;rder Capparidales; deriving from the Cistales (possibly 

Flacourtiaceae). 

Hallier had made a similar limitation of the Rhoeadales 

in 1912. He tao included the Papaveraceae in his Ranales. 

The Moringaceae he placed in the Caesalpinioideae of the 

Leguminosae; and in an arder Cruciales, deriving directly from 

the Ranales, he has Cruciferae, Resedaceae, and Capparidaceae 

(including Koeberlinia and Tovaria). In Table I. these views 

and sorne others are shawn. 

'. 
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Table I. The Familles wh1ch have composed the Order Rhoeadales, 

in some classifications. 

- -Il"\ "' - Il"\ Il"\ 

"' "' "' 0'.1 1<\ ,..... ,..... ..., 
"' 0'.1 r-1 .. - .. 

...... - 0 - Il"\ - co s -=t ['- 1<\ 0 -=t 
0 0'.1 "' Il"\ - "' Il"\ "' s ,..... r-1 "' Il"\ ,..... "' - ,...._ CD-- ,....._ 

r-1 - r-1 :0 -'-0 
~ ..-tO -N a--- - 1<\ Il"\ 

~ ALl"\bO Ll"\ ,..... N"'tf\ "' co--
"'~ +lo-- -1<\C c ,..... Or-1 

~r-I Cl) Vl,-1 C1'..-t Cl) - co-
1 -.o ..,..._ r-1 ,..... f) Vl c ,.. 17) ::s ~-..., ~ f) .... c CI)CI)+l O'CD CD Vl CD ,..... .!: ..... ,.....,........, Cr-I Vl~..., '0 '0 01> 

t.Or-1 0 0,-1 Vl ..., § c ..., ..... 

c::s~ l;i. CDOCI) Cl) ::so 
lï:IIJolc;l) r!l«l!i!!: 0 Il:: :X:: ill 

Femilies 

PapaveraceaeK + + + + + + 

Fumariaceae .... + 

Capparidaceae + * + + + 

Cruciferae * * + + + 

Tovarieceae + + + ; ! ~, 

Resedaceae + ... + + 

Moringaceae + + + 

Bre ts ehne ide ra ce a.e + 

x Papaveraceae includes ~f~pavéro;i<i'ea.e,; Fumarioideae. and 
Hypecoideae. 

1Bessey also includes in his order the Nymphaeaeeae 
(exclud1ng Nelumbonoideae and Cabomboideae). 

2so6includes Bretsehneideraeeae in the family Koringaeeae. 

3wettstein' s opinion on classification 1s shared by 
Hegnauer (1961). 
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D. The Problem 

The preceeding paragraphe of the background serve to. 

illustrate the widely divergent views on classification or 

the arder Rhoeadales which exist. In this research projecti 

efforts were directed to answering some of the questions which 

arose from these disputes. The problem was considered as 

follows: 

Does chemical evidence indicate the ramilles of the order 

Rhoeadales (according to Engler and Diels ,1936} to be am !hO,IJ10gen­

eous group, or does it rather support splitting off some mem­

bers into other orders? 

Are the chemical characters of the Capparidaceae, Moring­

aceae and Tovariaceae distinct enough to warrant the hypothesis 

that they stem from a line of development different from the 

Resedaceae, Cruciferae and Papaveraceae? 

Are the characters of the Papeveroideae and Fumarioideae 

sufficiently distinct to merit their being classified as separ­

a te familles? 

In pursueing the previous questions we were led to consider 

aspects that only accentuated the complexity of our problem. 

For instance, similar characters may be used to support differ­

ent arguments depending on the frame of reference used. Can 

conclusions besed on chemical characters, therefore, be considered 

va11d enough to justify changing hltherto acceptable and work­

able taxonomie schools of thought? 
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CHAPTER Il 

LITERATURE SURVEY 

A. Comparative Phytochemistrz 

"We are impressed, eaoh time we look into the history 

of a particular topic, with the difficul~ of disoovering 

the real beginninga." This statement by Gibbs1 in his "Hist­

ory of ohemical taxonomy" was made with reference to phyto­

chemistry, and is a very apt one.. Alston and Turner2 report 

that as early as 1909 Greshoff used the term "comparative 

phytochemistry" and defined i t as: 11 the knowledge of the 

connection between the naturel relationsh1p of plants and 

the ir che mi cal oomposi ti on". Gre shoff further suggested, the t 

a short chemical description should be part of the "formel 

description" of a new genus or species. Such a ohemical des­

cription Alston and Turner would like to be .called the 11 bio­

ohemioal profile" of the plant. At present auch a step does 

not seem imminent, and this may be due to the fact that commun­

ication between various branches of science (especially chemistry 

and botany) is still minimal. Chemists msy be interested to 

isolate and identify specifie oompounds produoed by plants, but 

1R. Darnley Gibbs, 11History of Chemioal Taxonomy", in 
Chemical Plant Taxonomz, Edit. T. Swain, (London, New York: 
Academie Press),19~3J, p. 41. 

2Ralph E. Alston and B.L. Turner, Biochemical Syste•atios 
(N.J.: Prentice-Hall , Inc.,)l963, PP• 46-47. 
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it is unlikely that they would undertake a survey of the 

complément of constituants present, which would b~ of more 

concern to the phytoohemist. Robinsonl makes the keen and 

relevant observation, that al though ohemistry is a very 

essentiel tool in biolog1oal soienoes, the approaoh must of 

neoessi ty be different sinoe "the kinBs of things he (the 

biologist) needs to know are not necesaarily the seme things 

which a chemist needs to know. 11 Robinson .rurther points out, 

and his viewpoint is shared by Hegnauer2 and others, that the 

literature on plant ohemistry extends aoross several special 

fields, eaoh with a different view. However, in spite of 

these diffioulties, phytoohemistry is increasingly being 

employed. 

E.C. Bate-3mith3 has reviewed the subject reoently, and 

reels that not only are the ohemical constituants of plants 

important, but also their variations and the prooesses by which 

these might arise. He believes that two kinds of research are 

needed: 

1Trevor Robinson, The Or,anio Constituants of higher 
plants, (Minn.: Burgess Pub. Co. , 1963, preface, 1. 

Ba sel 

Edit. 

2rt. Hegnauer, ChemoTaxonomie der Pflanzen, (Birkhaüser, 
und Stuttgart), Vol. 1, 1962, preface pp5-7· 

3E. C. Ba te-Smith, "~-~a-~~ .~-l~~J:!e_!n~_s t~z~in Vi stes in Botan_z, 
W.B. Turril, (Pergamon Press), 1959, pp. 100-122. 
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1. Extensive survey, employing indicative reactions; and 

2. intensive researoh, detailed studies of restrioted 

groups of plants with reference to specifie, identified con­

stituants. In the ares of extensive survey, he. states that 

Gibbs has made "the most determined attempt to date to bring 

ohemioal considera ti ons to bear upon the Taxonomie si tua ti on. 11 

Over the years Gibbs has published several papers on the 

role of comparative ohemistry in systematics and he emphasises 

the point that ohemistry is invaluable 11 to supplement" but not 

'' to replace" morphologioal oharacters.l Another worker who 

gives attention to survey of many characters is Hegnauer2. 

Vfuen in 1962 the first volume of his Chemotaxonomy of Plants3 

appeared, it oovered the lower plants and Gymnosperms. Hegnauer 

felt that ohemical compounds may be of more value to the system­

atists after their biosynthesis has been olarified. On the other 

rù;ind,,;_' :e:r:.ouvier4 expresses the opinion that 11la présence ou 

l'absence d'un composé determiné constitue un caractère chimique 

simple et précis, pouvant servir è distinguer des groupes. 11 

1R. Darnley Gibbs, "Comparative ohemistry of fi>lants as 
applied to a froblem of Systematics: The Tubiflorae. Trans. 
Rozal Socle ty of Canada, Vol. LVl : Series 111 : June, 196~. 
Sect. 111. p. 143. 

2R. Hegnauer, "Chemotaxonomic ma tters 11: Phytochemica1 
indications of the position of the Aristo1ochiaceae in the system 
of Di cots. 11 Pharmazie 15 (11): ( 1960) pp. 634-642. 

~. Hegnauer 1 op. ·ci t. 

4vio tor Plou vier, "Le caractère chimique en taxonomie 
vé"géta1e". Rev. Gen. B6i. Pures Appl. Bull. Assooi. Franc. Av~~a.Sci. 
~~ (1962) PP• 331-46. 
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These few examples should suffice to show that the approaches 

and methode of phyto-chsm~stry are quite varied, although the 

aims are the s~me; i.e. to obtain mor~. reliable bases for 

plant classification. 

B. Chemotaxonomic Methods 

Advances have been made in chemotaxonomy, due to the 

improvement of old techniques along with the development of 

new one s. For example in Serology, Als.ton and Turner1 gi ve a 

good summary of the hist·orical developments in this technique. 

They recall the early work of Nuttall (1901). Alston and 

Turner also summarize a series of papers by Chester (1937) on 

the controversy between the Berlin and Konigsberg schools of 

thought on Serology. Interest in this method waned until the 

work of Moritz and Rohn2 (1956). Their work is especially 

significant for this paper, as they applied serological techniques 

to the arder Rhoeadales, and on that basis pronounced the order to 

be "a natural group". In è later paper Moritz and Frohne criticized 

1 R.E. Alston and B. L. Turner, op. cit. pp. 68-90. 

2o. Moritz and H.L. Rohn, "Untersuchungen zum Problem 
der Serologischen Fernreaktionen." Planta 47: (1956) pp. 16-46. 
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the primary interest of taxonomists in the quantitative 

statement of serological method. They suggested that the 

_qualitative approaoh was essentiel. ~Ve translate from their 

paper as follows: "No systematist would assume that three 

kinds of plants of wnioh A would yield a result of 100 grams, 

B of 50 grams and G of 25 grams of apooarp fruits of pod 

oharaoter, that B would for this resson be oloser related to 

A than to G. He would, however; inolude A9 B and G as pod­

bearing fruits." Therefore, they argue, it is equslly false 

to apply only quantitative resulta from s~rology to answering 

questions in biological taxonomy1 • or even greater interest 

is the most recent paper by Frohne2 { 1962) where he di sous ses 

the relation of comparative serobotany to comparative phyto­

chemistry, exhibited by serological investigations in Rhoeadales. 

A most widely used method in phytochemistry, is Chromato­

graphy. A good summary of the history of this technique has 

been made by Gibbs3. The role of paper ohromatography in taxo­

nomy has been discussed by Hagen4, who is optimistic of the 

1o. Moritz and D. Frohne, "Form and Beais of quantitative 
statements in serological taxonomy", Flora, Vol. 146, (1958) 
pp. 442-443· 

2n. Frohne, "Relation of comparative serobotany to compar­
ative phytochemistry, exhibited by serological investigations in 
Rhoeadales". Planta Medioa, 10. (1962), pp. 283-97· 

3R. Darnley Gibbs, "His tory of Chemical Taxonomy", in 
Chemioal Plant Taxonomy, edit. T. Swain, {tond., N.Y.: Academie 
Press, 1963) ,pp 69-70. 

4c.w. Hagen, Jr., "The role of paper chromatQgraphy in 
Taxonomy", Proc. Indiana Acad. Soi., 70: (1960), p. 207. 
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importance of this technique to the taxonomist, s1nce far 

more attributes can be determined from s single specimen 

using this method, than can be conveniently assessed by any 

other. He does caution, however '· that serious errors may 

be made if rigid evaluation of the attributes revealed is 

not made. This piti'àll however, is ever present for any 

method employed. 

Bate-Smith1 has attempted to solve a taxonomie problem 

in the Rosaceae by u.sing chroma tography, whilè.~ Kjaer2 and 

his co-workers ccmtinu.e• -to in.vestigate the. su1phur, compounds by this 

method. Other types or chromatography (basides paper) are 

also employed by sorne researchers. 

Increasing need for quick detection of various chemical 

constituants (especially in the field) has led to the develop­

ment or methods requiring little equipment and time. Such a 

technique has been applied to alkaloid determi.na tion by Kraft;. 

He. removes a few dr~ps of plant juice from the le ar by means 

of a special pressure plier, and these are tested immediately 

with Dragendorff's reagent (Potassium bismuth iodide) paper. 

The breath and depth of ~olouration as compared with st.andards, 

1&.C. Ba te-Smith, "Chromatography and taxonomy in the 
Rostu)ese, wi th special reference to Potentille and Prunus." 
1. Linn. Soc. (Bot. ) 58, 370, {Nov. 1958) p. 39· 

2A. Kjaer and H. Thomsen, tt Isothiocyanates. XLIV. 
The isothi.ocyanate glucoside (glucooa~psrin) in Crataevs rox­
burghii," Acta Chem. Scand. 16, (1962), PP• 783-T=Sl"i. 

3n. Kraft, "A simple field method for a1kaloid deter­
mination", Pharmazie, 8 (2) : (1953), PP• 170-17;. 
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gives quantitative information on the ·alkaloid strength of 

the plant. He applied this method to Papave.r, Datura, !.!..!.2.:. 
otiana, Conium, Atropa, and other spe.cies. There is also 

an added advantage, in tha t the juice qbtaine d by this me thod 
; 

may be studleo later by paper chromatography. Kraft recomm-

ends this method for other components (e.g. Vitamine, Tannins, 

etc.,) using different reagent papers. Resulta for species 

of Rhoeadales, tested for tannic acid by a sirnilar method will· 

be reported later in this paper. Other simple methods such 

as the ones carried out during this reseàrch will be discussed 

later too. 
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c. The Order Rhoeadales 

The ramilles included ln the order Hhoeadales (Engler and 

Diels) have been placed in several dirrerent arrangements and 

grouped under various names over the years. Table lA. shows 

the ramilles and orders as included by sorne taxonomiste. 

This table does not show all the other ramilles which some 

or the systematists include, but rather gives the more common 
; . 

ones and the narnes of the orders under which they have been 

grouped. Another question in dispute has been the derivation 

of the group and the affinities of the faMilles. A few exemples 

follow whioh should illustrate these points. 

Pulle (1952) included all the seven familles of the Engler-

ian Rhoeadales in an order Brassicales, deriving from the Glus­

isles and adjacent to the Batidalea. Nhile Nakai (1943) includes 

in his order Brassicales only Resedaoeae, Capparidaceae, and 

Brassicaceae. The Papaveraceae, Fumariaceae, Hypecoaoeae and 

Fteridophyllaceae form his Papaverales. On the other hand, 

Benson (1957) calls the order Rhoeadales of Engler and Diels 

the Papaverales. Bentham and Hooker's Parietales are essentially 

the Rhoeadales, but they inolude also, the Sarraceniaceae, 

Cistineae, Canellaceae, Bixineae and Violarieae. Caruel (1881) 

and Lindley (1833) had also placed the Bixaceae, Cistaoeae, 

Frankeniaceae and Sauvasesiae in a relationship with the Resed­

aceae and other members or the H.hoeadales. The Datiacaceae have 
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+ + + + + 'I'akhtajan (1954) CapEaridales 
+ + + Hu tchinson ( 1959) Capparidales 

f--J 
+ Davy J. Burtt(l937)CaEEaridales 
+ + Hallier (1912) Cruciales 
+ Hu tchinson (1959) Cruciales 

+ + + Lindley (1836) Cruciales 
+ + : + Dru de (1886) Cruciferae 
+ -1- + + Dru de n387) Cruciferae 

+ + Dumortier (1329) Cruciferarieae 

+ Boi vin (1956) Cruciferales 
... + Caruel ( 1881) Crue ifl orae 

+ + .;. Klotzsch œ Garcke(lÜ62) C..ruciflorae 

+ +'Il( + H.eichenbach (1828) Cruciflorae 
+:0: 
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+ + + ~ Gunder sen (1950) Pa pa vera les 0 

+ Van Tier;hem & 

+ Constantin (1950)~averales 
+ + + + + + + + Ben son (1957) ~averales 

+ + -r 
( 1954) Takhta jan Pa pa vera les 

+ + + + Hakai ( 19L!3) _?~avera les 
+ + vumortier (1829) Papaverarieae • t 

+ + Klotzsch & Garcke ( 1862) · Papave r 1lflor-a, 
~ 

+ + Li nd ley (1833) Parie ta les 
+ +~ + + + 3~~ J?_e.~l th an & Hooker ~ l_G~2) E a rie ta les 

- -- -~ 

+W. 4 Hallier (1912) Han ales 
+'li. Lindley ( 12?3) Hana les 

T --
+ -1- Caruel (1881) Haniflorae --

+ Hu tchinson (1943) Reseda les 
+ Boivin ( 19 56) Hesedales 

+ + Kerner (1891) rlo se dale s 

+ ' lJumorti er ( 1829) 1-<.esedarieae 
+ + + + + + + Copeland (1957) Rhoeadeae 

+~ + +- + indlicher (1836) Rhoeades 
+ +Il( Grisebach ( 1851-l) Rhoeade s 

+ + Ma rtius '1835) ~iliquosae 

-+- .... Lindley ( 18 36) ~iolales 

+ -~-~ + + +- + Horaninoro ( 18L+3) Violastra 

i Papaveraceae inc1udinG Fumariaceae. 

l cruciferae is not treated as a far· ily. .burtt :tncludes Cruciales in Capparidales. 
2ca pna rldaceae includes Y.oeberlinia and Tovaria. 

3!3enthan, llooker ù.: Lindley include other families in their Parietales 

4Hei l lier places J...or inca and bretschneidera in Lecuminosae of the order ;lesculinae but 
inr.l11de1'l seveT'al other> familiR."'. in t .h P. ~<$1nR1P""-
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been mentioned in this connection too. Other taxonomists 

have considered the group to have affini tie s wi th the Violales. 

For exemple, Ho.ran:i:now- ( 1843) included in an order Violas tra, 

the familles Capparidaceae, Moringaceae, E.esedaceae, Cruciferae, 

Papeveraceae and Violeceee, es well as several ether familias. 

Bessey1 (1915) and Boivin2 (1956) and ethers believed that 

the Rhoeadales were derived from the Renales. Pulle thought 

them to be derived from a line between the Renales and the 

Hamamelidales. Hutchinson believed the t the Papaveraceae and 

Fumariaceae derived from the Renales but the ether familles 

(Capparidales) he thought came from the Pittosporele~~ Takhtajan 

considered the Gapparidale s de ri ving from the Cis tales. 'Ne ttstei n 

considered the Rhoeadales to be derived from the Polycarpicae 

and Hegnauer3 supports this point of view. However, Hegnauer 

also d iscussed various ether posai bi li tie s, such as connB·cticOn.~· wi th 

the Centrospermae and Passiflorales. An interesting opinion was 

expressed by Norris4 ( 1941). He made an anatomical study of the 

1c.E. Bea se y, 11 The Phylogene tic Taxon orny of Flowering Plants" 
Ann. Missouri Bot. Gard. 2: (1915), pp. 106-164. 

2B. Boivin, "Les familles de tracheophytes, "Bull. Soc. 
Bot. France, 103: {1956), PP• 490-505. 

3R. Hegnauer, "Die gliederung der Rhoeadales sensu Wettstein 
im Lichte der Inhaltstoffe'~ Planta Medica 9: (1961), pp. 37-46. 

4T. Norris,· 11 T.orus anatomy and nectary characteristics 
phylogenetic criteria in the Rhoeadales." Amer. Jour. Bot. 28: 
(1941), pp. 101-113. 

are 

--------'-----""-~-----------------'-----'---'---- -····~-··---
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necteries of these familles, and on this basis concluded that 

"in general, i t appears tha t the Re sedaceae and the Capparid~ceae 

are the most primitive familles of the existing Rhoeadales 11 
•••• 

and concluded that "the Papaveraceae, the Fumariaceae and the 

Cruciferae, by subsequent parallel evolution derived from a common 

ancestral group, somewhat resembling the existing Resedaceae and 

Capparidaceee ••• " He con tinued • • • 11 Consider ing the absence of 

nec taries in the tori of the Papaveraceae 1 i t se ems· cle ar tha t 

this family cannot be regarded as having given rise to any other 

family of the Rhoeadales. 11 

Another aspect of study bas been whether the Rhoeadales is 

a naturel group or not. Moritz and Rohn (1956) de.cided on the 

basis of serological studies that the Rhoeadales were a naturel 

group. Copelan~ 1 (1957) reported an order Rhoeadeae (9) composed 

of the familles Papaveraceae, Tovariaceae, Fumariaceae, Capparidac­

~~ Cruciferae, Moringaceae and Violaceae which was derived from 

the Multisiliquae. Order 10 in this classification was the 

Centrospermae, but Copeland expressed doubts about these placements. 

As pointed out earlier in this paper, Hutchinson and Takhtajan 

using morphological criteria disagree with the ides of a naturel 

order, and favour instead a splitting of the group into the Papaver­

ales and Capparidales. In this context a recent study by 

1 
H.F. Copeland, 11 Forecast of a system of the dicotyledons,"' 

Madrono, 14: {1957), PP• 1-9· 
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Frohne1 {1962} deserves special attention. He demonstrated in 

the order Rhoeadales, the relationship between serobotany and 

comparative phytochemistry,and his resulta indicated that a 

separation of the order into Papaverales (Papaveraceae s. str. 

and Furnariaceae) and Capparidales (Cruciferae, Capparidaceae,.._liesed­

aceaèfi'·::.fi~d perhaps also Moringaceae and Tovariacea,e) was desir­

able. He round the Papaveraceae and Furnariaceae closely re la ted 

serologically, and also that a clear relationship of the Papaverales 
' 

to the Ranunculaceae existed. Wi th this he seemed to support 

Hegnauer's2 findings in his investigation of the b~ochernical char-

actera of the order. 

D. The Taxonomie Significance of Sorne Constituents 

Alkaloid s 

Substances too narrowly restricted in their distribution, or 

those too gene~ally present can be of little use as taxonomie indices. 

As yet the information about the classification of biochemical sub­

stances and processes is limited and not too well established. How-

ever, for sorne time certain substances have been used for chernical 

research with only marginal consideration of their taxonomical 

significance. The alkaloids fall into this category. For years 

they have been of economie importance, and as auch much was done 

on their chemistry. 

1n. Frohne, "Das Verhaltnis von vergleichender Serobotanik 
zu vergleichender Phytochem:ie, dargestel1 t an serologischen Unter­
suchungen irn Bereiche der "Rhbeadales~ Planta Medica, Vol. X, No. 
3, (Sept. 1962), pp. 283-297. -- · 

2 
R. Hegnauer, Op. Cit. 
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Recently (1963) Hegnauer1 reviewed the taxonomic'significance 
' 

of alkaloids, and he stated that alkaloid chemistry began 

about 140 years aga wi th Serturner, who recognized morphine 

as the effective principle in opium. Since 1950, Manske 

and Holmes2 have contributed greatly to the information on 

alkaloids. Willeman and Schubert3 have done much on the taxo­

nomie distribution of these compounds; and earlier (1935) 

McNair4 made valuable contributions in the field. Recent 

publications on alkaloid chemistry have been made by Boit5. 

Hegnauer6 defines alkaloids in the context or chemical 

plant taxonomy as "more or lesa taxie substances which act 

primarily on the central nervous system. They have a basic 

character, contain heterocyëlic nitrogen, and are synthesized 

in plants from amino acids or their immediate derivatives. 

In most cases they are of limited distribution ln the plant 

kingdom." He considera that sin ce they are present in about 

J.R. Hegnauer, "The taxonomie significance of alkaloids", in 
Chemical Plant Taxonamy, Edit. T. Swain, {Land., N.Y. : Academie 
Press) 196;, chap. 14. 

2R.H.F. Manske and H.L. Holmes, (Edits.) The Alkaloids, 
(N.Y. : Academie Press) Vols. 1-Vl, 1950-1960. 

3J.J. Willeman and B.G. Schubert, "Alkalo1d-bear1ng 
plants and the ir contained alkalolds", A!ric. Res. Ser. U.S.D.A. 
Tech. Bull. No. 1234, (Washington), 196 • 

4J. B. McNair, "Taxonomie and climatic distribution of 
alkaloids•, Bull. Torrey Club, 62: (1935), PP• 219-226. 

5a. Hegnauer, op. cit. 

6a. Hegnauer, ibid. 
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1/6 of vascular plants, they are most useful chemotaxonomically 

if their biosynthesis is studied. He noted that Hakim et al 

(1961) showed that coptisine and sanguinarine are equally well 

distributed as protopine in the Papaveraceae, and felt that the 

alkaloids are strong evidence for removing the Papaveraceae from 

the Rhoeadales, to the Polycarpicae, with Nymphaeaceae and 

Berberidaceae as close relatives. However, Hegnauer does point 

out the very important fact, that although alkaloids have an 

important role, more information is required about their 

chemistry, biogenesis and distribution. 

It may be significant that certain v1orkers have found 

changes in the alkaloid content of plants under varying conditions. 

Heydenreich and Pfeifer1 report diurnal variations in the prod-

üction of alkaloids. Tests made four times a day showed that 

morphine was produced in the roots especially at night. 

Aksanowski, Jurzysta et al 2 found that alkaloids in Papaver 

somniferum vary during vegetation and also throughout the plant. 

Ignorance of such variations could account for significant 

discrepancies in analyses for alkaloids.made by different 

workers. 

1 . 
K. Heydenreich and S. Pfeifer, "Alkaloid metabolism 

in Papaver somniferum V. Changes in a1kaloid content depend­
ent on time of day." Sei. Pharm. 30. (1962), pp. 164-73., 

2R. Aksanowski, M. Jurzysta, et al. "A1ka1oids of 
Papaver somniferum during vegetation", Dissertationes Pharm. 14, 

. (1962), pp. 47-58. 
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Henryl (1949) refera to a1ka1oids of Papaveraceae·as .. 
the "Opium a1ka1oids", and inc1udes them under the .. J1eading 

of "Isoquino11ne group of a1ka1oids". A simila:r· arrangement 

is made by A1ston and Turner2 also. These a1ka1oids are deri­

vatives of isoquinoline and are g:rouped as follows: 

1. Tetrahy9ro1soqulnoline derivatives. 

2. Benzylisoquinoline derivatives. 

;. Cryptopine type 

4. Morphine type 

5· Alkaloids of unknown constitution. 

6. Synthetic isomerides of Laudanine. 

7• Phthal1de isoquino1ine derivatives. 

8. ~Nap~thaphenenthridine derivatives. 

9· Tetrahydroprotoberberine derivatives. 

10. Aporphine type. 

11. Minor Corydal1s alka1oids. (Not assigned to chemical 

groups). (Fig. ; shows some basic for>mulae of the se 

alks1oids). 

A list camp1led from various sources, Qut ohief1y·from 

1T.A. Henr,-., Tbè:~l~:mt Alkaloids, 4th ed. (Phil., Tor.: 
Blakiston Co.), 1949, P• i7S. 

2R.E. Alston and B.L. Turner, Biochemical s;ystema tics, 
(N.J.: ~rentice-Hall, Inc.), 1963, pp. 158-160. 
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Uanske and Holmes1 and Willeman and Scbubert2 abo•a the 

distribution of the groups of· $lkalo1ds in the Papaveroideae 

and Fumarioideae.(See Appendix Table 5.) 

1 .. 
R.H.F. Manske and H.L. Holmes, ibid. 

2J.J. Willeman and B .• G. Schubert, ibid. 
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Fig. 3 

Same basic structural formulee of alkaloid groups ln Papaveraceae 

(1ncluding Fumar1oideae and Hypeco1deae). 

(1) Isoquinoline 

~ 
~ 

(2) Benzylisoquinoline, e.g. Papaverine 

:.w ;;2 

(3) Cryptopine type, e.g. 
Protop1ne 

YOCH3 
OCH3 Phthalide isoquinoline deriva. e.g. Hydrastine 

Barberine type. e.g. Barberine Aporphine type e.g. Boldine 

01-1 
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When the alkaloids contained in these families are 

considered as chemical groups, some interesttng variations 

are revealed (see Table II). There are five groups of alk­

aloids restricted to the Pspaveroideae (including HlPecoideae). 

These are, the benzylisoquinoline derivatives occurring in 

Papaver somniferum and a variety; the morphine type, also 

round mostly in Papaver spp.; alkaloids of unknown constit­

ution, of which the chief ones are rhoeadine and rhoeaginine, 

are spread mainly among Papaver spp.; and lastly:, the oe -Naphth­

aphenanthridine serivatives, spread in Papaveroideae, but with 

a notable exception: Two of these alkaloids occur in Dicentra 

spectabilis of Fumarioideae. 

In the Fumarioideae there are three exclusive groups. 

The Phthalideisoquinoline derivatives, spread throughout this 

sub-family, (only narcotine occurs in Papaver pseoniflorum and 

P. rhoeas). The tetrahydroprotoberberine sub-group is predom­

inantly Fumariacious, except for barberine which is spread in 

the Papaveroideae as well; and dehydrothalictrifoline found in 

Glaucium flavum and G. serpieri. Finally, the minor Corydalis 

alkaloids are restricted to the genus Corydalis, the only except-

ionnoted being roemeridine, occurring in Papaver pavonium. 

The three groups common to both sub-families are, the 

tetrahydroisoquinoline d~rivatives; with hydrocotarnine reported 
"" only in Papaver somniferum var. polycepharum, and corypalline 

reported in Co~dalis sures and c. pallida. Secondly, the cry­

ptopine type are the most ubiqui tous. Protopine is not absent 
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Table II. Surnmary of Alkaloids in Papaveraoeae (inoluding 

Hypeooideae and Fumarioideae). 

Alkaloid grouE Papaveroideae Fumarioideae 

1, Tetrahydroisoquinoline + + 

2. Benzylisoguinoline + 

3· ,Cryptopine + + 

4. Morphine + 

5· Unknown constitution + 

6. Isamerides of laudanine + 

1· Phthalide isoquinoline + 

8. d.. -Na ph thaphenan tbridine + 

9· Tetrahydroprotoberberine + 

10. Aporphine + + 

11. Minor Corydalis alkaloids + 
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from any genus, and alloeryptopine is also of wide distribution. 

The other alkaloids of this group are not so widely spread, 

but oeeur in both sub-families. Thirdly, the aporphine group 

is eommon to both sub-families, al though some of these alkal­

oids are more prevalent in Fumariacious species, and bulbo­

capnine occurs only in the Fumarioideae. 

Alkaloids are quite scarce in the other familles of the 

Rhoeadales, and those few which do occur are not of the seme 

chemical group as the ones of the Papaveraceae. This feature 

tends to separate the Papaveraceae from the otper familles. 

A detailed list of distribution of alkaloida of .erru..~f.!ra.e ·. 

~~~~~~iflaceae ~~PJ!.éars in the appehdix. 

Fatty Acids 

Alston and Turner1 quote Hilditch (1956) as saying that 

fatty glyceride compounds could be made the basis of a system 

of classification of plants. They, however, felt this propos­

ition to be rather dii'i'icult due to the wide distribution of 

fatty acids in quite unr'elated tamilies (with some exceptions, 

e.g. the Flacourtiaceae and their cyclic unsaturated acids) as 

well as the large number of acids occurring within the same 

group or family. While fatty acids alone may not be a good 

"basis of a system of class1f.1cation11
, they can act as 

~.E. Alston and B.L. Turner, op. oit. p. 119. 
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1nd1cators of relationships. The chief drawback to this 

approach is the lack of application of these constituants 

to taxonomie problems by competent workers; since fatty acids 

were ot interest primarily to chemists, from their viewpoint. 

Hopkins and Chisholml have made several analyses for fatty 

a cid s, while Ecke,.? and Hildi tch3 provide a weal th of inform­

ation on the chemistry of fatty acids. They all mention the 

occurrence in plants and in sorne cases mske comparisons between 

familles. For exemple, H1ld1tch4 noted that erucic acid forma 

a large proportion of the component acids of seed fat of Cruci­

ferae and Tropaeolaceae. He stated that this acid had not been 

detected with certainty in any other seed fats. .Surely this 

kind of approach is taxonomie; not a classification in itself, 

but certainly a recognition of a taxonomie relationship from 

the viewpoint of fatty acids. 

A comparison of fatty a cid oompos1 tion of rape seed and 

mustard seed oils was made by Cra1g5 in 1956. He analyzed 

1c.Y. Hopkins and M.J. Chisholm, "Identification of 
oonjuga ted triene fatty ac ids in oerta in seed oils", c.an. J. :o:f:: Chem. 
!f:.Q, (1962), 2078. 

1954· 

2E.W. Eckey, Vegetable fats and oils, (N.Y.: Reinhold) 

3T.P. Hilditch, The chemioal constitution of naturel fats, 
(London, Chapman and Hall,) 3rd. edit. 1956• 

4rb1d. 

5s.M. Craig, "Comparison 'Gr a fatty acid composition of 
rape seed and mustard seed oils;"· Canadien Jour. Technol. 34 (5): 
1956, PP• 335-339• 
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different commercial stocks of seeds from various parts of 

the world, and round that iodine values rsnged from about 

101 in Argentins to 123 for Turkish mustsrd seed oils. 

Smsll variations were round in the total amounts of 016 and 

o20 acids; end large variations in 018 end 022 aoids. The 

variations in the content of palmitic, steario, hexadecanoic, 

arachidio and behenic acids were small. The linolenic acid 

contents of Turkish rspe seed ànd mustard seed Qils were 6~ 

higher than for other oils, whioh were different from one 

snother by less than ~. Linoleic, oleic,snd erucic acids 

showed maximum variations of 16 to 27; 7 to 27; 18 to 52% 

respeotively. This work indicates thst significsnt differ-

ences can ocour in the seme species from different sources. 

Perhsps this might be worth oonsidering when making distinct-

ions at the genus and species levels. 

In his examina tion of the Rhoeadales in the light of 

content matter, Hegnauer1 paid sorne attention to the fatty 

acid content of the familles Oapparidaceae, Resedaoeae, as 

well as Limnanthes douglasii. He fel t the t the Cappsridaceae, 

Oruoiferse and Resedaceae partioularly, seemed closely related 

biochemically. "They all have oily seeds, wi thout endo_sperm. 

In the se seed oils oocur oleic a cid, eruolo ac id, linoleic 

1R. Hegnsuer, "Die :(lliederung der Rhoeadales sensu 
Wettstein im Lichte der Inhahstoffe. Plantâ Med1ca 9: (1961), 
PP• 37-46. 



a cid and linolenio a cid as the main fatty aoids." This 

exemple 1s another one in the application of fatty aoids 

to a taxonomie problem. 

An exam1nation' of the distribution of fatty aoids in 

the Rhoeadales reveals that the familles have all moderately 

oily seeds. The saturated acids do not acoount for more 

than 25% in them. Unsaturated acids of more than one double 

bond are found to be linoleic and linolenic acids. In the 

Papaveraceae linoleic forma the greater peroentage, composing 

up to 70% of the total fatty acid content. This family is 

very poor in linolenic acid. In the other familles, 11noleic 

and linolenic aoids occur in almost equal amounts. 

Unsaturated acids of only one double bond, show signifi­

cant differences. The Cruciferae stand spart from the others 

in having erucic aoid as the major fatty acid. Oleio and 

eicosenoic also occur in this family. In the other familles, 

eicosen oie is absent, and the major ac id is oleic. It is 

partioularly interesting to note that the pattern of fatty 

acids in the Tropaeolaceae is very similar to that of the 

Cruoiferae. This point has been noted by Hilditch1 and other 

workers and shows up clearly in Table III. 

At the genus level there are sorne striking resulta too. 

l · T.P. Hilditch, op. cit. 
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Table III. A summary of the distribution of fatty solda in the 

familles of the Rhoeadales. 

-._. Ill 
'0 '0 
a - c 
0 Ill 0 
.0 '0 .0 ..... 
Q) Oc..> cu 
M c..> C:OH M 
..0 H 

~~ 
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5 0 :;jH 
:z: Orr:l 

'0 ~ c..> o:z: '0~ 
c..> H ~H 0 

CD H 0 c..> 'OU i~ ,g fj c..> ::::;, ~H 
H IX: .S::I::t:: ...,~ 

.......... 0 ri! ri~ - -
Seed Seed Sat 'd. Unsat'd Un sa t'd 

Fsmily Protein Oils Aoids Ac ids 
018 0

20 
0

22 
018 020 0
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Papaveraoeae ++ ++ + ++ +++ 

Capparidaoese ++ ++ + ++ ++ 

Moringaoeae ? ++ + +++ (+) 

Resedaoeae ? ++ ? ++ ++ 

? ? ? ? ? Tovariaoeae 

Cruoiferae 
++ ++ + + ·+ ++-1 ++.ft +++.ft ++ 

Tropae olaoese 
++ ++ {+) + + ++-1 (+) 

Key to · amo11nts .. (average approxima ti ons) 

l+) trace, lesa 
. , 
th an 5% 
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Ji Applicable only to ge nus Lesg.uerella. 

--
'0 
s:: 
0 
.0 

cu 
M 
.0 

6~ 
'0~ 
Q)~ 
CDO 
~~ 
:S~ -

0
18 

++ 

? 

++ 

' 



- ~6 -

In the Cruciferae, Lesquerella is different in having no 

erucic acid, but a large amount of unsaturated hydroxy 

acids, mainly the C2o acid, ana also the C18 ricinoleic 

occur. Also a few species are worth mentioning due to the 

absence of erucic acid. These are Capselle bursa,..Eastori~ 

Hesperis matronalis, Lepidium montanum var. angustifolium1 

and Merisyrenia camperum. In the PaEaveraceae, Argemone 

mexicana stands out in having palmitoleic (6%) and ricinolic 

(10%) acids. These resulta were compiled from various 

sources, but a large part ·was taken from Mikolajczak1 ~ !!• 
They also analysed the protein of seeds, and found that these 

familles al1 have moderate amounts of it. 

hc.L. Mikolajcz~k, et al, 11 Search for new industriel 
oils. Oils of Cruciferae."10ur; Amer. 011 Chem. Soc. 38 (12): 
1961, PP• 678•6!!. 

--·······------__;_ _______________ ___;_ ________________ __ 



- 47 -

Myrosin and Myrosin Cella 

Myrosin was first described by Busseyl in 1840. Later 

it was discovered that this enzyme was capable of catalysing 

the hydrolysis of na turally occurring t1.1oglticosides {a rare 

group of' glycosi~s), and ict was· call'ed "thioglucosidase".Now 

it is usually· designated as myrosin~ myrosinase or sinigrase, 

the latter being named after its best-known substrate, the 

mustard ail glucoside sinigrin. 

At first the secretory cella were called "Proteid-sacs" 

due to the proteid reaction of their contents, and later when 

these contents were found to be myrosin, the name was changed 

ta "myrosin cells 11
• As early as 1893 auch cella and cell lay­

ers were isolated mechanically from the pericycle of Gheiranthus 

stems. The anatomical features of these idioblasts were dealt 

with in detail by Metcalfe and Chalk2 , and they also discu::>sed 

their distribution in the Rhoeadales. They can be demonstrated 

bistochemically be staining with Millon's reagent, i.odine or 

orcinol in hydrochloric acid. I found during another project, 

that these cella may also be demonstrated by a method using 

alcohol, iodine and aniline blue solution. K jaer3 men tiens tha t 

1A. Bussey, "Sur la formation de l'huile essentielle de 
moutarde, 11 J. Pharmac. Chim., 26. (1840),·p. 39· 

2c.R. Metcalfe and L. Chalk, Anatom~ .of Dicotyledons, 
( Lond.: Oxford Clarendon Pr~ss.) 1950, .PP• 4-97. 

3A.Kjaer, "Naturally Derived Isothiocyanates {Mustard 
Oils) ~nd their Parent Glucosides", Fortschritte d. Ghem. org. 
Natu~stoffe, 18, (1960), p. 136. 
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Peche employed a technique whereby a precipate of barium 

sulphate was formed inside the enzyme containing cell, and 
1 thus they could be identified. Kjaer has given an interest-

ing and informative summary of the history of myrosin. 

A great surge of interest in myrosin arose about 1953 and 

has continued since. For exemple, workers2 in India investig­

ated how the yield of volatile musta·rd oil is related to the 

amount of myrosin present in seeds. They found that by mixing 

black or brown mustard seeds (Sinapis nigra and s. juncea 

respectively) with white mustard seeds {S.alba var.) the yield 

of volatile oil could be increased considerably. They con­

cluded that the amount of myros~n in Sinapis nigra and s. juncea 

is insufficlent to effect complete hydrolysis of the slnigrin 

present. Another team3 there, considered methods for the removal 

of myrosin during the refining of mustard oils. In Finland, 

Virtanen and Gmelin4 investigated the chemistry of the enzymatic 

cleavage performed by myrosin. They agreed that the clesvage 

1 
A. Kjaer, ~~ 136-138. 

2A~B. Datte, "Interesting variations in the volatile­
oïl Iield of mixed Indien mustard seeds," Sei. and Culture, 24, 
(1955), PP• 182-184. . 

3~1 Bahadur Ma thur and Ha jeshwar Sahel, 11Refining of. 
Oi1s11

, Indien, _22, ('March 12, 1958), p. 859. 

4Ro1f Gme1in and Artturi I. Virtanen, "A new type of 
Enzymatic C1eavage of' ~ustard 011 Glucosides. Formation of 
Al1y1 thiocyanate in Th1aspi arvense t. and Benzy1thiocyanate 
in Letidium rudera1e and t. sativum L, "Acta. Chem. ·scand., 
1_2, ( 959), P• 47. 
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of mustard oil glucosides to isothiocyanate, aulphate and 

glucose, was considered to be a specifie enzymatic process 

responsible for the characteristic pungent odour and taste 

of many Cruclfers and other familles. They found that efforts 

to separate a thiocyanate-forming enzyme led in every case to 

myroslnase activity; and concluded that this new type of cleav­

age of mustard oil glucosides to thiocyanates is common ln the 

Cruciferae. Ettlingerl and his co-workers in Texas studied 

the chemlcal formula of mustard oil glucosides ln an effort 

to discover the way the enzyme really sets. They also establ­

ished convinoingly the structure of sinlgrin, thus improvlng 

the earlier structure proposed by Gadamer. The following re­

action bas been suggested by them. 

K ~S---C6Hll05 
R~ 

'\- o - x+ 
+ + 

N- -so2--o 
isothlocyana te 

Mustard ail glucoside 

x , Where R= CH2=GHCH2 , and X= K, 

the compound is sinigrin. 

If R= (p) HOC6H4CH2 and X= s1napine, 

the compound is sinalbin. 

C 6H12o 6 + HSOi;_ 

glucose sulphate 

\i.a. Ettlinger and A.J. Lundeen. "The structure of 
sinigrin and sinalbin; an enzymatic rearrangement. 11 J. Am. 
Chem. Soc., 78, (1956), p. 4172. 
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In another investigation, Ettlinger1 et al found that Sinapis 

..!!.2!, aontains at leest two enzymes that catalyse the seme 

reaction, viz. the hydrolysis of mustard oil glucosides or 

glucosinolates {a name they have suggested and prefer). One 

enzyme is, like fungal sinigrase2 , indifferent to vitamin C 
' ' 

and is the classiaal myrosin. The other enzyme requires the 

vitamin C as aofaator and this they have aslled sn "ssaorbate­

aativsted glucosinolase". This says Kjser3 is the first clesrly 

demonstrated physlological function of sscorbic acid. They 

have found this second enzyme to be' a 11 specifia thiogluaosid­

ase", and their psper de scribes the reaction ih detail, illust­

ra ting the report with formulee and equations. Gaines4 et al 

also studied this enzyme system, and ~oncluded it was a two 

enzyme system. On the other hand, sbme Japanese workers, Zenj1 

Nagash1ma5 and M. Uchiyama, who set out to examine Neuberg's 

hypothesis that myrosinase was a mixture of two enzymes, tended 

~.G. Ettlinger et al, "Vi ta:rrdn C as a coenzyme: The 
hydrolysis of mustard oirg!ucosides," Proa. Nat. Acad. Sai., 
Vol.; 47, No. 12,. (Dec. 1961,), ;pp~ 1875:..1880. .. . 

2E.T. R.eese, et al, "A thioglucosidase ln fungi", Arch. 
Biochem. andBt6J?hys.,(5\l) : (1958), PP• 228-242. -

3A. Kjaer, nThe distribution of sulphur compounds,uin 
Chemical plant tsxonomy," (Lond.:Pergamon Press},(l963),P• 463. 

4R.D. Gaines and K.J. Goering, "Myrosinase II. The 
specifiai ty of the m:yrosinsse system," Arch. Biochem. and Bio­
phys., 96 (1); {1962), pp. 13-19. 

5zenj1 Nagashima and Masaaki Uchiyama, "Studies on 
myrosinsse part III," NipJ?on Nogei-Kagsku Kaishi, Vol. 33, (1959), 
PP• 881-885. 
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to conclude that it was a single enzyme. They considered the 

activity ratios of myrosulfataae and thioglucosidase and 

reported that their findings were contrary to the hypothesis 

of Neuberg. Al~~ough they did not prove conclusively that 

the system was a single enzyme, their work is significant for 

this paper, because during their investigation they considered 

the distribution of myrosin in 110 species of plants from 

thirty-seven familles be sidas the Cruciferae. The:r round all 

twen ty-one species of the Cruciferae tested con tained myrosin, 

regardless of the part of the plant. It was also identified 

in Tropaeolum, but in none of the other species, which included 

two species of Papaveraceae, five species of Liliaceae, six of 

the Leguminosae, and one from the Euphorbiaceae. They concluded 

tha t myrosin. could be a useful cri teri on in the classifies tion 

of plants. 

Hegnauer1 reports t~t Prof. Van Stenis wa s alerted to the 

probable relationship between the Cruciferae and Capparidaceae 

when he became aware of the occurreno.e of myrosin cella in the 

Cappa rida oese. Hegnauer oonoluded the t the fa ct the t myrosin 

cella were spread in the Cruciferse, Capparidaoese, Resedscese 

à nd Moringsceae indics ted a close re la tionship be tween them. 

He also raised the question of homology of the laotiferous cella 

of the iapaveraceae with the myrosin cella of the other familles 

of the Rhoeadales. The alkaloids of the Papaveraceae are localized 

1R. Hegnauer, Planta Medica, Vol. 9, (1961), pp. 37-46. 
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in segmented milk canals or alkaloid idioblasts, Hegnauer 

points out. It was with great interest, therefore, that I 

noted during an anatomical survey of members of the Rhoeadales, 

(for another project) that the myrosin idioblasts appear to be 

arranged in rows, as along a canal. This fe a ture can be se en 

in figure 4 which is 'a photograph of a section of root of 

Cochlearia armoracia L. taken with polarized light. The sect­

ion was unstained, but haq been treated with 50% sulphuric acid 

for half an hour. 

Table IV gives sorne indication of the distribution of 

myrosin outside the Rhoeadales. Early reports of myrosin 

occurrence in sorne familles are questioned, since techniques 

in the past wer~ not as accurate or discriminate as those of 

recent ti~es. For instance, Wehmer and Hadders1 (1933) list 

Allium satiVUJ!.var. vulgare (garlic}, and..!! CJD;!!_(onion}, 

members of the Liliaceae, as produc 1ng myrosin in the ir bulbs! 

They also report a "myrosin-like substance" in the leaves of 

Bocages dalzelii Hook. (Anonaceae). No recent reports of' myro­

sin in th~se familios have bëen noted. However, Mazelis2 (1963) 

round an enzyme {L-3-alkyl sulphinylalanine) in members of the 

genus Brassica which degrades cysteine sulfoxides, and this 

1c. Wehmer and M. Hadders, 11Systematic occurrence and 
distribution of Enzymes," ·Hand. der Pflanzenanalyse. Edit. 
Klein {Berlin, 1933) Vol. IV, pt. ~~ p. 867. 

~endel :Mazelis, "Demonstration and characterization of 
cysteine sulfoxide lyase in the Cruciferae, 11 Phytochemistry, 
Vol. 2, (1963), PP• 15-22. 
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Fi6 . 4 

Photo~roph of Cochlearia Ar~oracia L . (root) 

tsken with polarized li~ht and showin linear arranGement 

of Myrosin cells. (Loncitudinal section) . Law power, 

enlRrged twice. 

Myrosin cell renre~ented by the tlack spots in ''linear 

arrangement " in parenchyme tissue . 
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Table IV. Tlie r.eporJted oceurrenée of Myrosin,,and M11rosi:rt Cells, 

in Familles Outside the Rhoeadale s. 

Species Seeds Roots Stems Leaves Reference 

' 
Anonaceae 

Wehmer1 x :Socasea dalzelli Hook. + & 
Iladde:rs 

Caricaceae 
x Caries ESEa~a L. + + + + Wehmer & 

Hadders 

EuEhorbiaceae ' 
ManHiot s;e. Wehmer & 
PutrsnJiva roxburshii Wall~ · . ~adders 

Kjaer 

Lesuminosae 
ScorodoEhloeus SE· Harms. Wehmer & 

~.-·~·--

Hadders 

Eiliaceae 
Aliium ce~a bulb 'vVehmer & 
AIIIum sa-Ivum v. vul~ere bulb Hadders 

Limnantheaeee 
Limnen thes douslesii R.Br. + + Wehmer & 

, Hadders 

Ph~tolaccaceae 
Coë! onoaerEus cotinifolius Kjeer 

(De sr. ' 

Plantasinaceae 
Pian~aao maJus L. + Kjaer 

salvadoraoeae 
Salvaaora ole iodes Den. + Kjaer 

'~ 

J[ 
Reported es a "myrosin-like enzyme". 

1 & Hadders, Hand. der Pf1ànzenana1yse. Vol. IV, pt.2, Wehmer 
p. 867, ( 1~33). 

Kjaer, Fortschri tte d. org. Che m. Na tur., 18, P• 168, 1960 .. 

----- -
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Table IV. {con t' d. ) 

Species Seeds Ho ota Stems Leaves Reference 

Tropaeolaceae 
TroEaeolum maJus L. + + Wehmer & 

Hadders 

Violaceae ' 

VIola tricolor L. + Wehmer & 
Hadders 

Fungi 
Reesel Aspergillus szdowi 

'1 
' 

: 

~eese, 
< :· 

et !l• Arch. Bi oc hem. & Biophys. 75 ( 1): pp. 228-242, 
( 1958 ). 

: ; 

"'' ' 

,, 
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enzyme is similar in its mode of action to alliinase which 

has been described in Allium species. Kjaer1 in his discuss­

ion of sulphur compounds also mentions that a thiol (1-propan­

ethiol) was present in Allium ceps. In another paper2 he 

refers to (-)- J3 -amino isobutyric acid isolated from the bulbs 

of Iris tingitana, which is very similar to the non-hydroxylated 

1sopropy1 mustard oil. These exemples suggest that the ident­

ity of compounds with auch s1ight ohemica1 differences may have 

1ead to erroneous conclusions. 

1A.Kjaer, "Distribt1~iotl of su1phur compound s'~ inChemica1 
llant taxonom~, Edit • .Swain .'{Lond. New York : Academie Press) 
963, p. 456- 6241 

2A. Kjaer, 11Mustsr4.ofls and their Parent Glucosides," 
Fortschr1:tte,~ d. Chem. Org. Naturstoffe. 18, (1960), p. 153· 
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Mustard Oil Glucosides 

"Even the mere knowledge of the distribution pattern of 
1 a given compound, if critically evaluated and presented with 

due consideration of evidence provided by entirely different 

approaches, may frequently give considerable help in taxonom­

ical problems. The organic sulphur compounds in plants prov­

ide an exemple." This statement by Kjaerl is applicable part-

icularly to the isothiocyanates and familles of the order 

Rhoeadales. Contrary to myrosin which 1s located in idioblasts, 

mustard oil glucosides are scattered throughout the parenchyme 

tissue. Myrosin usually accompanies thioglucosides or mustard 

oil glucosides in the plant, but they only interact when the 

tissues are crushed, then the characteristic pungent odour and 

sharp taste of, for exemple radishes, mustard and other Crucifers 

becomes evident. Thioglucosides undergo hydrolysis by myrosin 

to glucose, sulphuric acid and isothiocyanates. (The equation 

was given earlier). The classical representatives of the group 

are sinigrin and sinalbin. Kjaer2 maintains that all mustard 

oil glucosides have the same basic structure, that of sinigrin; 

their individuality depends on the side chains. The simplest 

side chain is a methyl group, found in the compound glucocapparin. 

Kjaer3 lists these groups in order of increasing complexity. 

1A. Kjaer, "The distribution of sulphur compounds",in 
Chemical :plant taxonomy, Edit. Swain, (Lond. New York, : Acad­
emie Pre~s), (1963),· P• 454· 

2 

3 

___ ibid, P• 463. 

-- ibid, p. 465-466. 
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Ettlin.ger1et al suggested a form of nomenclature for these 

oompounds of a systematio nature, and Kjaer supports this 

ides. In this new system, sinigrin beoomes identioal with 

potassium aUylgluoosinolate, and sinalbin wi th sinapine 4-

hydroxybenzylgluoosinolate. 

Kjaer and his oo-workers have done muoh researoh on the ohem-

istry and distribution of mustard oil glucosides, and have 

published many papers. Especially noteworthy is his review 

of the subjeo t whi oh a_ppeared in 1960. In this oomprehensi va 

sur vey, Kjaer2 di sous ses the historical development and ohem­

ical methode used in isolating and identifying these oompounds. 

He men ti ons about 200 speoie s of plants te sted and the cons ti t­

uent thiogluoosides present in them. He oonoludes tha t iso­

thiooyanates are reguler constituants of the Cruciferae, but 

are not restrioted to this family. Another constant source 

is the CapEaridaceae, as well as the limited number of species 

of Resedaoeae and Moringaoeae tested. He noted however, that 

the thioglucosides in about 40 species of Capparidaoeae3 which 

were investigated differed significantly from those encountered 

\i. G. Ettlinger et al, 11 Vitamin C as a coenzyme: The 
hydrolysis of !!lUS tard oil glÜëoside s, 11 Proc. Ua t. Ac ad. .Sei., 
Vol. 47, No. 12, (1961) PP• 1875-1880. 

2A,. Xjaer, "Mustard oils and their parent glucosides," 
For tschri tt d. Chem. org., Na tu:rs toffe, 18, ( 1960), pp. 123-169. 

3A. Kjaer and H. Thomsen, "XLV. Isothiooyanate-producing 
f>lucosides in .species of Capparidaceae," Phytochemistry, Vol. 2 
(1963), pp. 29-32. 
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in the Cruciferae. Glucocapparin bas not been detected with 

certainty in any Grucifers, but is widely distributed in 

Gapparidaceae. The glucoside wi th an e thyl aide cha in -

glucolepiàiin -bas been found only once; in Lepidium 

Menziesi1 DC., a North American species. In contrast, the 

· thioglucoside with an isopropyl-grouping appears rather widely 
' 

distributed, and is often accompanied by glucocoehlearin. 

Over twenty years ego, Hopkinsl made an investigation 

of a sulphur containing substance of Conringia oriental!~ seed. 

He found that this Crucifer had a bitter teste instead of the 

usuel sharp one known in mustards. From bis analysis he con-

cluded tha t the bitter principle. was a sulphur compound, but 

one different from the isothiocyanates, and he suggested it 

was 2 mercapto-5, 5-àimethyloxazoline, wi th sn empirical form­

ula c
5
H

9
0NS. In 1950 Ettlinger's2 work led to the correçtion 

of Hopkins' formula, and recently Kjaer3 et!! isolsted the 

parent glucoside - glucoconringin. Kjaer stated that Schultz 

and Wagner also reached conclusions similar to his about the 

iàentity of the glucoside. Glucoconringin has also been founà 

1c.Y. Hopkins, "A sulphur-containing substance from 
the seed of Conringia orientalis, 11 "G'dian. Jour. of Research, 
B, 16 , ( 19 38 ) , PP • 341-344 • 

2M. G. Ettlinger, "lm:frared Spectre and Tautomerism of 
2-Thiooxazolldone and Gongeners," J. Amer. Chem. Soc., 72, 
(1950), p. 4699· .. . 

3 A. Kjaer, "Musts rd oils and the ir parent glucosides," 
Fortschritte à. Chem. org •. Naturstoffe, 18, (1960), p. 150. 
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ln various species of Cochlearia. 

Another interestlng development reported by Kjser1 is the 

establishment of the chemical configuration of goitrin and 

progoitrin (glucorapiferin). He states that Astword in 1949 

isolated from yellow turnip and other Brassica sp. an anti"!"' 

thyroid factor, {-)-5-vinyl-2-oxazolidinethione, which they 

believed was desended from an isothiocyanate glucoside; and 

later Greer isolated the glucoside (progoitrin) from rutabaga 

seeds. Progoitrin is a precursor of goitrin and occurs pre­

dominantly in the seeds of Brassica spp •• It is remarkable 

that little is found ln fresh cabbage. The structure of goit-

rin is shown below. 

Jl CH=cH 

S=C/ ~ 2 

' 1/ J. "-HN-G H 
1 

H 

In this seme peper just mentioned, Kjaer reports that 

experimenta in Australie have indicated that cheirolin isolated 

from the ripe fruits and leaves of Rapistrum rugosum (L.) All. 

was goitrogenic in rats. This could be significant in animal 

feeding •. Another discovery of potentiel interest to .farmers 

1A. Kjaer, ~, P• 151. 
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is the fact that certain insects could be induced to feed on 

leaves which they normally refuse, by spraying the leaves 

w!th s!n!grin or s!nalb!n solutions, but not allyl !sothio-

cyana te. 

Recently two. new glucosides have been reported. In 

Hesperis matronalis seed, a glucoside for which Kjaer1 sugg­

ested the name glucohesperin, was round. He mentions that in 

1956 Wagner and Schultz on the ba sis of chromatograms, con-

cluded tha t He s:peris ma trona lis con tained one min or and three 

major thioglucosides; and one of them (glucomatronalin) formed 

a crystalline heptoacetate. The second one, glucolesquerellin, 

was discovered by Daxenbichler2 et al in the seeds of Lesquer­

ella lasiocarEa• 

Chemotaxonomic differentiation at the genus level is 

much less common than other stud !es. However, Kjaer} a ttempted 

to use data of isothiocyanate glucosides for this purpose. He 

1 .. 
A. Kjaer. "A mustard oil of Hesperis matronalis seed, 

6-Methylsulphinylhexyl isothiocyana te, 11 Ac ta. Chem. Scand. 
17, No. 3 ( 1963), PP• 846-847 • 

2 
M.E. Daxenbichler, 11 Isothioct(anates from enzymic 

hydrolysis of Les~uerella seed meals,' J. Am. 011 Chemists' Soc.,i2. 
(1962), PP• 244=2 5· . 

3A. Kjaer and S.E. Hansetl, "Isothiocyanates XXXI: The 
distribution of mustard oil glucosides in sorne Arabis species. 
A chemotaxonomic approa ch, n Saertryk Af Botanisk""'Tfd'Sskr1 t, .21!, 
(1958), PP• 374-378. 
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and his co-workers chose for investigation the complicated 

genus Arabis, and they were able to observe distinctly diff­

erent patterns in the various strains of Arabis. From their 

resulta they concluded that their method was potentially use­

ful at that level. 

a somewhat similar study was made by Delaveau1 on 

Brassica. He collected the essentiel oils liberated by myro­

sinase from mustard seed and analysed it chromatographically. 

He found that the oil from Brassica nigra contained allyl 

isothiocyanate and a small amount of phenethyl isothiocyanate. 

On the other band, B. Juncea produced mostly allyl isothi.o• 

cyanate as well as sorne butenyl, pentenyl and phenethyl iso­

thiocyana tes. The se re sul ts led him to regard B. juncea as an 

arnphidiploid hybrid between B. nigra and B. rapa sylvestris. 

From surveying ~he literature it was evident that the thio­

glucosides are predominantly characteristic of the Cruciferae, 

but also occur in the Capparidaceae, Resedaceae and Moringaceae. 

None have been reported in any mernbers of t~e Papaveraceae or 
-

Fumariaceae. There are sorne cases of occurrence of thioglucosides 

ou tside the farnilie s of the Rhoeadale s, and perhaps they will 

prove significant when filrther studies have been made. At 

present such occurrences are considered a typical for the 

1P. Delaveau, "Chromatographie study of' a case of amphidi­
ploidy in Brassica,n Compt, rend. Soc, Biol, .l5.3, (1959), 
pp, 579•581. 
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Caricaceae, Euphorbiaceae, Limnanthaceae, Phytolaccaceae, 

Plantaginaceae, Salvadoraceae and Tropaeolaceae. Very 

common among these familles is glucotropaeolin and glucoco-

chlearin. 

Table V shows a brief summary of the chemical groups 

of thioglucosides found in the familles of the Rhoeadales. 

A plus sign indicates that a certain family has one or more 

glucosides of a particular chemical group; whioh may be pres-

ent in one or several species. The detailed occurrence in 

various species is given in Table 4 of the appendix. Kjaer1 

has pointed out the interesting fact that the keto substituteè 

side chain compounds, e.g. glucooappasalin, glucooapangu11n 

and gluconorcappasalin are found mainly in the South American 

species of the Capparidaceae, in which glucocapparin is far 

less prominent •. 

lx.Jaer, "The distribution Qf sulphur compound s", in 
Chemical plant taxonoml, (Land.: Pergamon Press, )(1963), p. 470. 
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Table v. A Summary of the Chemioal Groups (of R of derived· 

Isothiooyanates R-NCS) Represented in Familles of 

the Rhoeadale s • 

• 
~ 

'-4 
0 ~ 

tl) >< a lt.l ~ 0 
'0 ~ ~ ::s s:::: 

0 ::s E-t 0 

~ 0 Cil H 
Po ~ fil ...:1 
El Il:: Cil fil ~ o8 0 0 

r-+ 0 ~ Ci Cil H ~ 
al 0 ~ H z ~ ;3 8 0 
0 E-t >< 0 t1 < 0 ..... >1• z Cil 0 ::r:: 

~ 
0 :.t:: ::r:: ffi s Cil 0 ~ 

p. z ~ 0 P.. 
Jj ~ ~ 

H ...:1 ~ E-t H 8 

~ ~ t:> ~ Cil Cil ...:1 ~ 0 <( <C Cil P.. Cil ~ < 

Cruciferae I 

Cruciferae II + + + + + + + + + + 

Cruoiferae III 

Cruciferae IV + + + + + + + 

Capparidaceae I + + + 

Capparidaceae v + + 

Morin~aoeae + 

Resedaoeae + + 

Papaveraoeae 
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Miscellaneous Compounds. 

Amino acids are the building blocks of proteins and as 

such are rather common metabolites of organisms. They become 

taxonomically useful only when unusual ones are involved, as 

for exemple in the work on the genus La thyrus (Leguminosae) 

which Alston and Turner1 attribute to Bell (1962). An earlier 

study was made by Reuter2 (1957). He investigated the principal 

forma of soluble nitrogen in various parts of 166 species from 

48 familles. Reuter tried to interprete the relative quantities, 

rather than presence or absence only. 

In his presentation of patterns of amino acids of storage 
' 

organs of several species not closely related, sorne resulta of 

interest to this paper were noted. Dicen tra eximia and N,_mphaea 

hybrida both have glutarnic and aspartio acids, as well as alanine 

and glutarnine. Altogether their patterns are very similar. 

This point should not be over-stressed, however, as there were 

other species, e.g. Bowiea volubilis and Carys amara which a1so 

had patterns similar to Dioentra eximia. J-acetyl ornithine was 

round by rleuter to be restricted to the Fumarloideae, where it 

formed the chief amino acid ln 19 speoies from 4 genera. It dld 

~.E. A1ston and B.L. Turner, Bioohemica1 systeme tics, 
(N.J.: Prentice-Hall), 1963, p. 100. 

2 G. Reuter, "Die Hauptformen des loslichen '3t:l:èkstoff!s . :, 
·in vegeta;~iven .pflanzl.iêl!i'èn ·Spëiçh erorgan~~ .uJ:!d ·::thre, systeme t­
ische Bewertbarkei e', Flora 145, (1957-58) PP• 326-338. 
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not occur as the principal acid in any of the species of 

Papaveroideae tested. Hylomecon, Chel1don1um majus and 

Glauciurn flavum have small amounts; but there is no mention 

of occurrence in other familles of the Rhoeadales. 

Kjaerl discussed the non-protein sulphur amine acids, 

and an interesting point is brought out. (+) - S-methyl­

L-cysteine sulphoxide was isolated from cabbage juice and 

turnip root, but also occurred outside the genus Brassica. I.t 

has been detected in Allium ceps and Capselle bursa-pastoris, 

as well as in Cheiranthus cheiri L. and Sinapis alb~. It is 

believed that S-propenyl-L-cysteine sulphoxide gives rise to 

the lachrymatory principle in onions. 

1A. Kjaer, "The distribution of sulphur compounds," i:p. 
Cbemical Plant Taxonomy, Edit. Swain, (Lond., New York: Academie 
Press), 1963, P• 459. 
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Crystals have been used as taxonomie indices in various 

familles, e.g. in the Liliaceae, where the shapes of Calcium .. 
1 oxalate crystals are considered significant in Allium • One 

~ 

type of crystal which bas been used frequently :ie:' the 

re::ph,±defo ~BapJ~~ are bundles of needle-shaped crystals of 

calcium oxalate which occur in special sacs and are visible 

through the microscope. The history and significance of these 

in taxonomy have been well discussed by Gibbs2 in a recent 

paper. In an earlier article3 he described a method by which 

the distribution of raphides and syringin could be investigated. 

Alston and Turner4 also review this subject in their book. 

Not much significance has been attached to crystals from the 

point of,view of the Rhoeadales. However, it is interesting 

that gypsum crystals have been recorded in several members of 

the Cappar1daceae5, while ether crystals have been noted in 

species of the Cruciferae. Raphides have never been recorded 

in any of the families concerned here. 

1R. Darnley Gibbs, "His tory of Chemical Taxonomy", in 
Chemical Plant Taxonomy, {Lond.: Pergamon Press), (1963) 1 ~·55 

to a 
LVI: 

(N • J • 

2 
----' .!!?.!È.• PP• 51·57 • 

~ , "Comparative Chemistry of Plants as Applied 
Problem of' Systematics~" Trans. Roy. Soc. Canada, Vol. 
Series III, (June 1962), p. 146. 

4R.E. Alston and B.L. Turner, Biochemical Slstematics, 
Prentice Hall}, 1963, p. 271. 

5G1bbs, op. 61t. P• 57· 
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Glzcosides are defined by Paris1 as "organic compounds 

in which there is usually a semi-acetal linkage between the 

reducing group of a suger and an alcoholic or phenolic hydroxyl 

group of a second molecule called an aglycone. This link, 

being effected through oxygen, gives rise to the 0-glycosides 

which are most common in pl;ants." There are several different 

types of glycosides, and one type - mustard oil glucosides -

have already been dlscussed. 

Cardiac glycosides are compounds related to the steroids, 

having ln addition a lactone ring and a suger (often a tetra­

saccharide) attached to carbon ; of the cyclopentanophenanthrene 

skeleton. The aglycones are rarely found in a free state but 

they can be divided into two classes: cardenolides which have a 

five-membered ring, and bufanolides with a six membered ring. 

Cardenolides have been detected in the Cruciferae. For exemple 

alleoside A ( also called hel veticoside and erysimin) ha s be en 

reported in Erysimum and Cheiranthus. Cheiranthus also contains 

cheiroside A or cheiroside H, cheirotoxin and corohallin. 

Erysimoside and syreniotoxin occur in Erysimum. Bufanolides 

have been detected in' the Ranunculàceae. Strophanthidin coeurs 

in Adonis, and also in Cheixoanthus and Erysirrium. 

The sugar moiety varies widely, but Paris2 says that normal 

hexoses like glucose are rare. However, cheiroslde A is hydrolysed 

1R. Pàris, 11 The distribution of plant glycosides," in 
Chemical Plant Taxonom~, Edit. Swain, (Lond, New York: Acad­
emie Press), 1963. p. 37· 

2 
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to D-glucoae and desglucocheiroaide A. Perhaps this could 

prove to be of taxonomie value~ Alleoside A is hydrolysed to 

D-digitose and Strophanthidin {alao called eryaimidin). 

Cyanoi$ene tic glycosides are produced by many plants, and 

they yield hydrocyanic acid on treatment wi th enzyme or a cid. 

Theae glycosides are difficult to obtain in crystalline state, 

and it is therefore impossible to atate with certainty that 

the compound indicated by a colour reaction is really a cyano­

genetic glyooside. Hegnauer1 investigated the distribution 

of cyanogenesis in oormophytes and the taxonomie significance 

of this product. He examined 400 species using the sodium 

picrate test and 29 were round to be oyanogenetic. Among those 

he round positive were sorne members of the Rhoeadales. He 

reported it for the first time in Cardamine pratensis L, and 

Lepidium latifolium L •• From his survey, Hegnauer estimated 

3-5% of cormophytea to be cyanogenetic and considered this 

oharacter to be of limited taxonomie aignificance until the 

chemical nature of the parent substance is known. He believed 

that a genus or tribe may contain the asme cyanogenetic compound, 

while a family may produce different ones, and felt that phyto­

chemical research did not seem to support Ha111er'a (1912} ides 

that different phyletic ;tines of dicotyledons contained similar 

cyanophoric compàunds, although more investigation was still 

needed to disprove the point. 

lR. Hegnauer, "Over de verspreiding van blauwzuur bij­
vaatplanten," Pharmaceutisch Weekblad, Vol. 93, (Sept.1958), pp.SOl-
819. 
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1 Al s ton and Turner agree wi th Hegnauer' s opinion ba sioally, 

but believe that the systematic importance cannot be denied, 

in spite of the limited chemical knowledge about the group. 

They cite the work of Dilleman (1958) who found cyanogenetic 

substances to consist of a suger, a cyanhydric acid and a third 

substance whose nature is variable. He classified true cyano­

genetic heterosides in three groups, which are disoussed fully. 

They doubted the suggestions that their role was perhaps that 

of protective agents, wastes or reserve energy sources. In the 

seme review, Alston and Turner report on the recent findings 

of Trione (1960} that hydrogen cyanide was sensitive to environ-

mental oondi tians. He observed diurnal variations, and re-

actions to light, sail moisture and temperature. 

Indican is a chromogenic glycoside found in the Cruciferae 

and other familles. It is the glucoside of indoxyl, and it is 

hydrolysed by the enzyme lndemulsin. The essentiel dye-stuff 

of this ohromogenic glycoside is indigo, formerly of great econ­

omie importance. In 1961 Berk1ey2 made a study o.f the content 

of Woad ~Isatis tinctorial and reported it to be very 1ow 

compared wi th the poorest Indigofera leaf ( viz. Indigofera 

sumatrana). Rich Ipdigofera leaves yie1d 30-70% of indigotin, 

whereas Isatis tinctoria yielded outy o.os%. Indican occurs in 
.Î 

3 other familles, Legumfru)sae ( Indigofera tinctoria), Polygonaceae 

1 R.E. Alston and B.L. ~1rner, op. cit. p. 182. 

2c. Berkley, "Indigotin content of Woad," Nature, Vol. 
191, No. 4796, (Sept. 1961), PP• 1414-1415. 
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(Polygonum tinctorium), and Apocyanaceae (Wrightia tinctoria). 

Paris1 discusses these and ot...l-J.er chromogenic glycosides, con­

cluding that the present state of knowledge does not permit 

them to be of much value in comparative phytochemistry. 

Saponins are another type of glycoside: which ar~ detected 

mos tl y through the ir abili ty to haemolyse blood. 'lhey have 

been found in about 70 familias, but their complete distribution 

is not known. Steroidal saponins are less widely spread but 

have been discovered in the Papaveraceae, Ranuculaceae and 

Violaceae, epart from other unrelated familles. 

~. Paris, op. cit. p. 356. 
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Phenolic substances. 

Phenolic substances are a part of the primitive meta­

bolic pattern, associated with, but not essentiel to the 

woody habit of growth. Phenolic compounds appear to be meta­

bolically inert and in living cella are recognized as stable 

oharaoteristic end produots. They are present universally 

and are of extraordinary diversity. To gain signifioance as 

taxonomie indicies, their pattern of distribution oould be 

aonsidered from various points of view, e.g. a small number 

of oommon phenolic con.stituents in a large number of familles, 

or a partioular uncommon cons ti tuent oould be traoed for i ts 

limited distribution. 

Leuoo-an.thoa:anlns are oonsidered to be ·phenolic substances. 

Bate-Smith1 (1954} found them more common in plants of woody, 

rather than her'baceous habit; and he considera the abili ty to 

produce these compounds to be a primitive character whioh the 

herbaceous groups have 1ost. He correlates it with the trend 

from woody. to herbaceous habit. Bate-Srnith2 tested several 

members of the Rhoeadales, and found them without leuco-antho-

oyanina in their leaves, although he round that frequently 

1euco-anthocyanina were present in their aeed costa. In another 

, 1E.C. Bate-Srnith, and N.H. Lerner, "Leuco-anthocyanins 
2. Systernatic distribution of 1euco-anthocyanins in 1eaves," 
Biochem. Jour., Vol. 58, No. 1, (1954), pp. 126-132. 

2
E.C. Bate-Smith, "Plant pheriolios as taxonomie guides " 

Proo. Linn. Soc. Lond., Session 169, (Dea. 1958) Pt. 3· pp. 19S-
211. 
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article Bate-Smith1 suggests that many woody familles without 

leuco-anthocyanins are a typical in the phyletic series, and 

that apparent conflicts occur in large familles where many 

species may not have been tested. The Limnanthaceae, a herb­

aceous family has leuco•anthocyanin~. Swain2 reported that 

Masquerlier et al found that leuco-anthocyanins stimulate cell 

division, and they attributed the increase in toughening of 

the testa of bread beans on ageing to the formation of leuco­

an thocyanins and not to lignification as is the ca se in ether 

vegetables. Such an effect they believed indicated that the 

leuco-anthocyanins are polymerie molecules capable of binding 

the polysaccharides in cell walls very firmly. 

Another type of phenolic compound i·s~,_the gr.oup <:>.~, h;y;dr:~~X" acids, 

for exemple caffeic and ellagic, di- and tri- hydroxy acids 

respectively. These are fairly wide-spread, so their absence 

becomes -taxonomically significant. Bate-Smith3 found many 

members of the Cruciferae without hydroxy acids. Methoxy acids, 

for exemple ferulic and sinapic, are generally absent, there­

fore the ir presence in the Capparidaceae, Cruciferae and Papaver­

aceae may be significant. Bate-Smith remarks also, that sinapic 

1 E.C. Bate-Smith and Lerner, op. oit. 

2T. Swain and E.C. Bate-Smith, 11 Leuco-anthocyanin~",in 
The Chemistry of vegetable tannins, (1956) pp. 109-120. 

3E.C. Bate-Smith, "Plant phenolics as taxonomie guides" 
Proc. Linn. Soc. Land., session 169, (Dec. 1958), Pt. 3· PP• 19S-
211. 
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acid is especially interesting because it is the twice 

methylated derivative of trihydroxycinnamic acld missing 

in na ture. Fur thermore, 11 feru li c and s ina pic ac id s pr ov-

ide •••• a strong chemical link between the cellular phen­

olic constituents and lignin, and it is therefore important 

that these acids are found especially in herbaceous plants, 

where the lignification of the cell walls and vessels is 

leest in evidenoe.11 

Tannins are another class of phenolics of interest. 

Bate-Smith and Lerner remark on the "congruence between tannins 

and leu co-an thocyanins": e.g. leu co-an thocyanins rea ct wi th 

ferric salt reagents used for, tannin detection. It is believed 

that leuco-anthocyanins sometimes interfere with the product­

ion of good le a ther.. In a s tudy of the occurrence of leuco­

anthocyanins and tannins, Bate-Smith1 was able to recognize 

three categories of plant familles. Firstly, those which were 

tanniferous, secondly those wh~ch were mostly negative, and 

thirdly, those which were cornpletely negative. In the last 

group were the Capparidaceae, Cruciferae, Fumariaceae and 

Resedaceae. Their tannin content was determined on the basis 

of anatomical examination, and cella with tannins were ident-

ifled by their colour. Petioles were examined mostly, but 

lE.C. Bata-Smith and G.R. Metcalfe, "Leuco-anthocyanlns. 
3· The nature and systematic distribution of tannins in dicoty­
ledonous plants," Jour. Linn. Soc. Lond, (Bot,). Vol. LV, No. 
362, (1957) PP• 669-705. r--
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they suggested that the tannin content of a plant may vary 

wi th the or gan • 

It is interesting to note that from the eight most common 

phenolics of dlcots several different types of compounds are 

derived by various substitutions. Su~~ derivates include 

i soquinoline alkalOld s like laud ani ne and the me thyla ted der­

ivative of the phenolic prototype -barberine. A·specLfîc·consti­

tuent ·...:. nud.icaul;üi. - ïs thè yellow flower .. }lignfènf of Papaver 

mu di c·aule and: ''Q.tJr.et1 m-ember::f of t'lie fami l:y~ · ·Nua"ibaulln ha!s a: ·N- · .. 

containing anthocyanin-like structure, which is not completely 

known. In the Cruciferae, sinapin - an ester of sinapic a cid 

wi th choline - is present, frequently in combina ti on wi th the 

mustard oils. In the Resedaceae the mustard oil in the root 

of Reseda officinalis does not appear to contain sinapic acid. 

Luteolin is a characteristic cons ti tuent of Heseda luteola. 

(Sinapin, choline and acetyl choline are often discussed as 

alkaloids;they are aliphatic quarternary bases}. 

Figure 5 shows the common phenolic compounds and sorne of 

their derivatives produced by certain chemical transformations. 

To sorne of these transformations members of the Rhoeadales owe 

their economie importance. For exemple, in Capparis spinosa 

flower b4ds form "capers", the rnuch used spice, and these oontain 

flavonols and sinapic acid. In the Cruciferae, leaves of 

cab bage (Br~ ssica sp. ) ore.ss {LepidiutJ'I sa ti vum), wa ter creas 

(Nasturatium officinale) contain sinapic acid. 

··----··--------'---'-----------------------------------
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Fig. 5 The eight common phenolic constituants of dicotyledons, 

and sorne of their derivatives. 

Trihydroxy. 

Dihydrox;t• 

Monohydroxy. 

Leuco-antho~yanins 

(1) Leucodelphinidln 

{2) Leucocyanidin 
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( 3) ~~yri ce tin 

( 4) Que roe tin 

Hydroxycip.:p.ii~.ic 
acids 
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es the tri-. 
hydroxycinnami c 
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( 7) Caffeic 

(Leucopelargonidin: (5) Kaempferol (8) p-Coumaric 
rare in na ture} 

l 
Ca te china 

'j 

Fla~ones l FlLanonols/1 CoumaLns 
1 Aurones ,' Flavo~oids 

Flavanones ... 
1 
, Isoflavonoids 

1 

V; 
Isoquinoline alkaloids: 

Chalcones 

~ 
Dihydrochalcones 
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Geissmann1 a1so reports anthocyanins in many Cruciferae. 

Seeds of mustard (Brassica nigra) may have. 1euco-anthocyanins 
~-

in the seed coat, whi1e roo'ts 1ike turnip, rutabaga and radish 

are a1so economica11y important on the basis of their f1avon­

oid compounds. Hattori 2 reports a g1ycoside of a f1avone-

diosmin or diosmetin-7~rhamnog1ucoside- which.is found in 

the 1eaves of Capse11a bur"sa-pastoris. 

Coumarine _are formed by addi tiona1 ·oxida.ti ve ring closure 

in the ortho-position of the cinnamic acids. Dean3 remarked 

what he considered a striking fact: "·· apart from coumarin, 

hydrocoumarin and dicoumaro1, a11 natura11y occurring cou-

marins •••• can be regarded as derivatives of umbe1liferone, 

which is one of the most widely distributed compounds of this 

c1ass." These compounds are not very important as yet in 

considerations of the Rhoeada1es. 

(New 

Chem. 

1The chemistry of f1avonoid compounds, Edit. Geissman:Q., 
York: MacMillan), 1962, Chap. 16. 

2Shizuo Hattori, ibid, Chap. 11. 
3F.M. Dean, "Natura11y occurring coumarins", Prog. 

Organic Nat. Prod., 9: (1952), pp. 225-291. 

,,., 



CHAPTER III 

EXPERIMENTAL 

A. :Methoàs 

. The samples testeà throughout this research were mainly 

leaves, wi th small bits of petiole or stem a ttacheà. In 

some cases (where stateà) seedlings and seeds were also exam-

1ned. Specimens were obtained from Botanical gardens all 

over the world. A large proportion of the plants investigated 

were cult1vated in McGill greenhouses from seeds obta1ned 

chiefly from Kew and the Montreal Botanical Garàens. Tests 

were carried out on freshly picked materiel, while importeà 

specimens were shippeà airmail in plastic baga to·maintain 

the ir tre shne s s. 

Species from all familles of Rhoeadales were tested, 

except for ma teri al of Bretschneidera sp. , which wa s unavail­

able. Five tests were employeà and some additions! ones where 

applicable. The follo~ing description gives the highllghts of 

each method; but the details appear in là.pp&n;d;i·x :A,:;{<fp.l07). 

(1) The Leuco-anthocyanin test A, is carried out according 
1 to the method of Bate-Smith and Lerner (1951~). In this process, 

colourless wa ter soluble Leuco.-anthocyanins ( which are considered 

phenolics) are hydrolysed and oxidized to the corresponding 

lE.O. Bate-Smith and N.B.· Lerner, "Leuco-anthocyanlns (11). 
Systematic distribùtion of teuco•anthocyanins in leaves." 
Biochemical Journal, Vol. 58, No. 1 ( 1954) PP• 126·1;2. 



colored an~hocyanidins. These coloured substances, for exemple, 

Pelargonid:i.n, Cyanidin and Delphinidin, are soluble in tsà­

amyl alcohol; thus becoming identifiable. In 1933 Rob1nson1 

proposed structure (1) ·ror leuco-anthocyanins. Later, Bate­

Smi th2 { 1953) suggested the structure (11) to be that of an 

o.xidized 11Flavandt4ll'! 11 .instead of a "Flavantriol" as proposed 

by Robinson. The most recent structure (lll) is given by 

Clevenger3 (1964). This structure demonstrates the marked 

similarity to cathechins and gallocetechins, as is shown in 

A:laiDn and Turner4 {1962). (See Fig. 3). 

The Leuco-anthocyanin test 1s carried out on finely chopped 

leaves and a positive result 1s the formation of a cherry red 

colour, soluble in the amyl alcohol layer. Bate-Sm1th5 round 

Leuco-anthocyanins more common in woody than herbaceous familles 

1G.M. Robinson and R. Robinson, "XXXI. · A survey of antho­
. cyanins. lll Notes on the distribution of Leuco-anthocyanins". 
Biochem. Jour. 27: (1933) PP• 206-212. 

2s.c. Bate-Smith, "Colour reactions of flowers attributed 
to (a) flavonols and (b) caro;tenoid oxides"; Jour. ExEer. Bot. 
4: (1953) PP• l-9· 

3sarah Clevenger, "Flower Pigments" Scientific American, 
Vol. 210, No. 6 (June 1964), p. 88. 

4Ralph E. Alston and B.L. Turner, Biochemical Systematics 
(N.J.: 'Prentice-Ha11), Inc., 1963, p. 280. · 

5s.c. Bate-3m1th and N.H. Lerner, 11Leucoanthocyanins 11 • 
.&ys tema tic distribution of 1euco-anthocfan1ns in leaves." Bio­
chemica1 Journal, Vol. 58, No. l, (1954> pp. 126-132.· 
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and believes that the ability to produce these compounds 

is a primitive chsracter which herbsceous groups have lost. 

He correlates this abili~ with the trend from the woody to 

herbaceous habit. 
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Fig. 6. Struo tural Formulee of Leu co-an thocyanidins:,à.nd,,aorae 

related compounds. 

( l) trFlavantrioln According to Robinson. 

ov~H 
1 -·w_;oH 

~ ?HOH 

HhOH 

(11) "Flavand~'oiJ•' According to Bate-Smith. 

«0 .+1 ~H 
HO Y~-'\ OH 

0 ~'~ . 
H H 

{111) Leuco-anthooyanin (from Ole venger) 

(IV} Anthocyanidin {fran Clevenger) 

Catechin 

1-tO 

HO 
Gal loc a te chin 
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As an addltional test the HClLMethanol test was used. 

It was flrst introduced by Isenberg and Buchanan1 (1945>· 

It ls applicable only to woody ma terial, and as the specles 

in the order Rhoeadales are mainly herbaceous, it was used 

rarely in this project. Wood shavings are treated with a 
2 mixture of HCl and ~ethanol. A positive result is the dev-

elopment of a magenta colour in the wood. The oolo~ or 

the solution is noted also. What compounds cause the devel­

opment of this purple colour is not defini tel y known, but i t 

has been suggested that catechol tannins may be responsible. 

These condensed tannins yield polyphenols on hydrolysis, and 

may be condensation products of oompounds auch as oatechin 

or gallooatechin. Therefore they are olosely related to .-the 

leu co-an thocyanins. A positive HCl/methanol test-d::s vèry è!l.,osely 

oorrelated with a posl tive leuco-anthocyanin. test. 

(11) The Ehrlich test, for Aucubin and Aucubin-like 

substances, is performed also on leaves from whiah an alocholic 

extraot is prepared. Spots of the extract are made on filter 

paper and the development of a deep blue colour on the spot 

after trestment with Ehrlich reagent {p-dimethylamino-benzslde­

hyde: HCl: 95% ethanol) is a positive reaction. This reaction 

seems to be oaused by Auoubin; although 1t is·suspeoted that 

other oompounds may give the blue oolour as well. Reoently 

of wood 
( Wash., 

a. few ml. 

1r.H. Isenberg and M.A. Buchanan" "A colour reaction 
with methanol-hydroohlorio acid.' Journal of Forestrz 
D.c.), 43: ll9k5) .. 't:>P'< 888-890. 
2The mixture is of 25 ml. conc. HCl: 1000 ml. methanol,and 
are used to steep shavings of freshly eut sap-wood. 
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the structure of aucubin (Fig. 7(a)) has been elucidated1. 

(111) The HCN Test (for Cyanogenetic Glycosides). 

The occurrence of Prussic acid or Hydrogen cyanide was fi~st 

2 reported in 1803 (~y E&hm). ~e found it in the water after 

bitter al~onds had been steeped. Cyanogenetic Glycosides 

of which over twelve are known, yield Hydrogen cyanide when 

hydrolysed by water, emulsin and chloroform. Amygdalin 

(Fig. 7 (b)) was the first glycoside found. A positive re-

action to this test is the formation of an or~nge brown or 

red colour on sodium picrate paper, suspended in a sealed test 

tube above the material being examined. 

(IV) . The Juglone ·Test. Juglone is a naphthoquinone 

(Fig. 7 (c)) which may occur in plants as the glycoside of 

hydrojuglone (1, 4, 5 trihydroxynaphthalene). A filtered 

chloroform extract from leaves is evaporated to dryness, and 

the residue is dissolved in ether, and then shaken with an 

equal amount of ammonium hydroxide solution. If a brilliant 

purple colour develops at once in the ammonia layer, the re-

action is positive. A bright yellow colour in the aqueous layer 

instead of purple may be due to flavones (Fig. 7 (d)); and in rare 

cBses a blue or blue-green colour may develop on standing. These 

a.re referred to as Test B. Sometimes this· layell'. ·is· :fluorescent when 

1R. Darnley Gibbs. "Comparative chemistry of plants 
applied to a problem of systematics;" Trans. Roy. Soc. Can., 
Vol. LVI : Series III : Sect. III (June 1962), p. 148. 

2 
E. Shaw. "Comparative chemistry and taxonomy of the 

as 

~~~~~~~1idales '': A the sis, McGill Uni ver si ty, April, 1g;6D, p. 69. 



- 84 

examined by ultra-violet light and may indicate ooumarins 

(Fig. 1,(c). Such an examination is referred to as Test c. 

( 5) Hot Wa ter and Cigarette 'lfè:sta w'erà' 'fi:r!StJ·,d:esdribèd 

by Miss Dagmar Dykyj-Sajfertoval, and arebelieved to indicate 

the presence of polyphenola ses. -·(Thé se are respira tory enz-

ymes which act upon sui table substrates in leaves ). A frèsh:'leaf 

is dipped part-way into water at 85°C and held there for 5 

seconds. Rapid darkening along the water-line erre i-il' the: dipped 

portion is a strongly positive reaction. Dark~ning after 

sometime is a weak positive;nocol:our-~:a:-fter'30 m:i.ns'. i.e negative. 

Dykyj-Sajfertova noted that leaves with acid cell-saps gave 

a ye~low colour in this, as well as the Cigarette Test, and 

called the phenomenon the "oxalis reaction" because i t was 

given by spec1es of Oxalis which she tested. The cigarette 

test is very simple to perform. A glowing cigarette is applied 

to the beek of a leaf for 3 seconds. In positive species, a 

dark ring appears rapidly. 

Two further tests ~sed were the tennie acid test and 

chromstograms for phenolic acids. Both of these were carried 

out by Mrs. P. Bahr and the resulta are included in this paper. 

1H. Darnley Gibbs, "Comparative Chemistry of plants as 
applied to Problems of Systems tics. 11 Recent Ad van ces in Bot­
any, 1961. P. 68. 
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The Tannio Aoid Test was per.formed by Bates1 method. 

Tannins are best oonsidered as phenolios. Hydrolysable 

tannins yield gallio or e!lagio aoid and glucose when heated 

with mineral aoid. Leaves are plaoed between two pieces of 

filter paper moistened with ferrio ohloride solution, and· 

squeezed with a pair of pliera. The development of a dark 

blue-grey spot indioates a positive reaction. 

Phenolie Aoids were sought by chromatography. The 

method of Ibrahim and Towers2 was used. The solvants were 

benzene: acetio acid: water and formic acid. The ohromato-

grams were sprayed with ferrio ohloride and sulfan111o aoid. 

~-.P. Bates'and P.R. Henson, "Studies of inheritance, 
photoperiodic response, and determination of tannin content 
of Lespedeza ouneata Don.n J. Agron.,V~;t._. 41J~BoL~l{Nov. 1955), 
P• 503. 

~.K. Ibrahim and G.H.N. Towers, "The 
by chroma tography, of plant phenolic aoids." 
and Biophys. 87: ( 1960),, PP• 125-120. 

identifias tion, 
Arch. Bioohem. 
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Figure '1 Structural Formulee of sorne Compounds. 

(a) Aucubin (revealed by the Ehrlich test.) 

HO 
H 

Glucose 

0--CHz 

. 0~ 

Glucose 

(b) Amygdaloside (revealed by the HCN test.) 

HOWI D,--
~ . 01'1 

0 
H 

( c) Naphthoquinone {d) Basic Flavonol 
{Test A) Structure {Test B) 

(revealed by the Juglone tests.) 

()A 
~0 

{e) Coumarin 
(Test C) 
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B. Resulta 

The present writer's resulta using members of the families 

and subfamilies studied are listed in the tables following; the 

individual species are shown in the appendix. 

(l) Leuco-anthocyanin (test A) 

All specimens tested from the six families gave consist-

tently negative resulta. Only in the Cruciferae were there sorne 

doubtful specimens; these were Isatis glauca and !· tinctoria 

which developed a purple-brown colour, and so the true reaction 

to the L.A. test was undeterminable. On the other hand, 

Diplotaxis catholica and Peltaria allicea gave a pale pink 

colour. It was not a positive result, and its cause was uncert-

ain. The other species tested gave either yellow or green col-

ours with this test. 

Few species of the families examined were woody, hence this 

test was not applicc:ble in most cases. However, a few woody 

members were obtained and as would be expected, all proved ~ 
;y t 

be negative to the HCl/Methanol test. 

(}') Ehrlich (test A). 

> < '.Gêne~è,lcag;c-eemen.-t amongLallf the famillies testedf was'' found 

for this test also. No me.mber wes fouhd to be positive. The .. 
"'ot •t, 

colours with Ehrlich reagent were mostly yellows, but a few 
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greys and greens were also noted. With ammonium hydroxide the 

specimens remained colourless or turned to a pale yellow. 

None suggested even a lim1 ted presence of Aucubin or related 

compound s. 

(~) Hydrogen cyanide (HCN test A) 

The resulta indicate that· Hydrogen cyanide can be produced 

by t:hree familles; although they are predominantly negative to 

this test. In the Capparidaceae leaves of two or three species 

of Ca2paris and the tuber of Courbonia s2• were cyanogenic. In 

the Papaveraceae, very strongly positive species were observed 

in the genera Dendromecon, Eschscholtzia and Papaver; all of the 

Pa2averoideae. Only Dicentra s2ectabilis was found to be posit­

ive in the Fumarioideae. In the Cruciferae, more positive species 

occurred in the Sina2eae than in the Hesperideae; and on the 

whole. the Pa2averaceae geve more strongly positive reactions 

than did the other :t:àm~l~.e.s. One species of Reseda was positive, 

and none from Moringaceae or Tovariaceae, but only few specimens 

of the se familles were examined. 

(5} Juglone (tests A-C). 

Quinones and naphthoquinones appear to be completely absent 

from all of these familles. In no case was an immediate ar de­

layed development of a purple colour observed. Neither were 

any brillian t yellows noted. Nothing remarkable sbowed up on · 

standing either. With ultra-violet light a few species produced 
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. 
a pale blue fluorescence. This re sul t wa s ob served in Capparis 

cynophallophora of the Capparidaceae, Dicranostigma lactucoides, 

Eschscholtzia sp., Romneya coulteri, Corydalis sempervirens of 

the Papaveraceae, and Stanleya pinnata inyvensis, two Aethion­

ema. spp_., Turritis glabra, Alyssum argenteum, Cheiranthu·s cheirl, 

Erophila varna, of the Cruciferae; as well as in Reseda luteola 

of the Resedaoeae. In all cases the fluorescence was p~le, 

though unmistakable. It is noteworthy that the aubstan&e eaus­

.ins~ fluorescence can be produced by all these familles. It 

was also observed in -sorne seedlings. 

( Ç) The Hot Wa te:r Test. 

A slight difference be tween the ·rap_avera ceae and the ether 

familles was revealed by this test. In the Papaveraoeae several 

positive species were found (some of them gave an·immediate re­

action). .In the ether familles there were a few doubtful posi t­

ives (class 111 reactions) but in no case was an immediate re-

action observed.; 

The resulta of this investigation, were similar to those 

of ether workers for all tests. It was found too, that the re­

actions of se.edlings were in accordance wi th those of ma ture 

plants. Seeds tested for HCN did not indicate any greater freq-

uency of cyanogenesia than was evident amng the leaves of these 

plants. In general these tests appear to indicate no marked 

variations between the six familles examined. 
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Tannio Aoid Test. 

From the survey of Tannio aoid made by Mrs. P. Bahr, the 

Papaveraoeae stands spart from the others. All members of the 

Papaveraceae tested were positive or contained at !east a 

trace of Tannic acid. The other familles tested were all neg­

ative, except for two species of the Capparidaceae; Crataeva sp., 

and Capparis jamaicensis. 

Phenolic Acids. 

Protocatechuic, Vanillic, Phenyl lactic and Syringic acids 

were absent from all the six familles, except for a few traces 

· (e.g. Eschscholtzia californica and Dicentra canadensls had a 

trace of Protocatechuic; while some Vanillic ocourred in Aub--
rietia tauricola and Lepidium sativum. Phenyl laotio was 

observed in Esohscholtzia californioà). On the other hand, all 

the familles contained sorne Gentisic, Ferulio, Sinépio, Caffeio,Para­

coumario and Ellagic acids. These resulta of Mrs. P. Bahr 

C<?mpiled from chromatogrsms also indicate general similarity 

between the familles being considered • 

. , 
• 
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CHAPTER IV. 

DISCUSSION 

.A. Analys:h:s of Rêstti ts 

Eate-Smith has said that the distribution of leuco­

anthocyanins seemed to substantiate somewhat Hutchinson•s 

division of plants into 'Lignosae' (woody) and 'Herbaceae' 

(non-woody). We were therefore very curious (in view of his 

arrangement of the Rhoeadales) to see whether our results of 

leuco-anthocyanins suggested two cl8sses of plants. In accord­

ance with Butchinson's hypothesis, Capparidaceae, Moringaceae, 

and Tovariaceae, which are developed along the woody side, 

should be po si ti ve for leu co-an thocyanins. Con trary to this 

expectation, however, all specimens tested from all six families 

were negative to the leuco-anthocyanin test, and no evidence to 

support two phyletic lines of development. was observed. The 

only two questionable resulta, viz. Diplotaxis catholica and 

Pel tari a alliacea, have not been rep.orted as positive elsewhere. 

What crmsed the pale pink colour noted is still in doubt. Simi­

larly in the Ehrlich test, all resulta obtained were negative. 

No pink colour was ever noted in any of the species tested, as 

might have been predicted for those species placed by Hutchinson 

in the Lignosae. The resulta of the Ehrlich test were consistent 

with those of the leuco-anthocyanin test, as was also true for 

the few HCl/Methanol tests performed. Development of a magenta 

colour in the Ehrlich test is closely correlated with a positive 

ien.co···•antth0cyan:ti.rn test. 
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Oyanogenetic glycosides are rather widely distributed in 

dicotyledons. Our results for seeds, seedlings and leaves 

indicated that hydrogen cyanide can e~è does occur to a limited 

extent in these familles. Hegnauer found HCN in 12 species 

from 3 genera of Papaveraceae, and 15 species from 3 genera of 

the Cruciferae. Our resulta show that 6 species from 3 genera 

of the Papaveroideae were strongly positive. Only one (Dicentra 

spectabilis) fro~ the Fumarioideae was observed to be positive. 

I t wa s remarka ble too, th at members of the Papa veroideae gave 

more imrneQiate and stronger positive reactions than did any of 

the others. 

Juglone - a hydroxynaphthoquinone included in the class of 

phenolic subs~ances - also was found to be absent from the species 

tested. This does not seern to suggest two groups of famili"e-&~· 

The pale blueflUorescence observed was not intense or brilliant 

enough to be caused by coumarins. Neither did coumarins appear 

on the chromatograms for phenolics. It is uncertain what trace 

compound wes responsi}?le for the fl.ilorescence, however, all fam­

illes, including seedlings showed an ability to produce it. 

Differences between the .. Papaveraceae and the ether familles 

were noted in the Hot Wa ter Tes,t · ·(and the Giga.re,tte· Test-·· 

:whèn· it, was applied) ~ ' None :of the other families examined 

gave a strongly positive (i.e. class I or II) reaction. In the 

tennie acid test the Papaveraceae and 2 species of Capparidaceae 

were po si ti ve. This is noteworthy, sin ce Ba te-Smith reported 

tha t all f'amil:J.e s of the Rboeadale s were wi thou t tannins. A. few 



Br a cke ted number s be si de the subfam llie s are the approx. genera and spe cie s incl uded. (Engler &. Di el s) 
Under the name of each test, is the number of genera ~nd srecies tested. + are posit ve 

? are doubtful 
- are negative 
Bl. Fl. Blue florescence 

. 1 
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Table Vll. Experimental Hesults (Bahr). 

The occurrence of Phenolic acids, Acid hydrolyzate. 

Group A Group B 

"0 
..-1 "0 
0 ...-! 
Cil 0 

"0 ct! 
..-1 0 "0 "0 1: ...-! 0 "0 ...-! 

...-! "0 "0 "0 "0 .a ..-1 ...-! 0 
0 ...-! ...-! ...-! ...-! ~ 0 Cil 
Cil 0 0 0 0 0 0 ct! 

Cil ct! ct! ...-! ct! Q) ro 0 
0 ~ ~ ...-1 0 •r-I 

...-! (.) (.) (.) ct! (.) Cil ...-! ~ 
al ...-! ...-! ...-! E ...-! (.) ...-1 !::0 Q) 

...-! ...-1 p. Q) ~ t.O 0 ~ s:: ~ ~ :.:1 ct! ~ 0 Cil ~ s:: ...-! 0 Gen 1~ 
~ s:: ~ Q ...-1 0 Q) 

~ ...-1 

~ 
Q) ..-1 Cil ,~ ...-1 ~ ~ ..c !S .. Cl) Q rr:t ~ ~ Cl':l A.. 

Capparidaceae haste à 

11 Capparioideae 1 2/2 1/1 2/2 2/2 1/1 1 - 1 1/1 

v Cleomoideae 1 1/1 - 1/1 1/1 1/1tr 

Moringacea_~~ 1 1/1 - - - 1/1tr - - l - 1 - 1 - 1 -
1/1 

Tovariaceae 11/1 1/1 1/1 - 1/1 1/1 1/1 

Cruciferae 

11 Sinapeae 113/16 5/5 10/10 7/7 6/6 1/1 tr j 5/5 1 - ll/1 

IV Hesperideae 1 8/10 7/8 4/4 2/2 2/2tr 2/2 

Resedaceae 1 3/5 2/3 3/3 3/3 - 2/2 1 3/3.tr 

PaEa vera ceae 

11/1 1 -11 Papaveroideae 1 6/7 1/1 3/3 1/1 5/5 1/1 tr 3/3 1 1/1 

111 Fumarioideae 1 3/3 - 3/3 - 3/3 1/ltr 1/1 1 1/1 
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Table VIII List of al+ plants tested (by writer, Honeyrnan, Gibbs and others.) 

Sumrnary of Appendix B ( Table I ) 

Capparidacae (40/660) 

A.2. Capparidoideae 

B.5. Cleornoideae 

Total nos. tested 

Moriggaceae (l/3) 

Tovariaceae (l/2) 

Papaveraceae (28/600) 

l. Hype-coideae 
2. Papaveroideae 

3.Fumarioideae 

Total nos. tested 

Cruciferae (200/1900) 

1 -- · Thelypodieae 

2. Sinapeae 

3. Schizopetaleae 

4. Hesperideae 

Total nos. tested 

Resedaceae (6/60) 

Tr~eolaceae (l/50) 

1 

P L A N T S S E E D L I N G S 
1 

HCL/Meib L.A. Ehrlich HCN Juglone Hot Water L.A. Ehrlich HCN Juglone 
t ? - + ? - + ? - + ? - + t~t - I II III N ? + ? + ? - ... ? - + ? --

l;t. 
flu."r. 

' ' 
, 

. 
~ ~ .:<.h_ '6% x Y,~ '!.% 

~ 

3_6 % % y. y; y. /'1 t;. 
,. 

-
% ~~% Y.% /';~ 3jif % -;._ 1. IZ 1/1 y; ~ y; 

·---

1/1 y, ~ ~ y, y; 

' x •;; y, •;, y; 

y, y, y, y, 
% ~~ '%r %, % :?>hi~ %%%~~ 1/, 4;3 'ti % -if3 

:.2,3 5 

% ~ ~ % !l'';iq t;; ~ ~ ~ h ~ 'h 

:lht 2~ ~ '57 Yrr ~ .33 4JI1~ 1-/ '37 'r7 o/q % 7/,, y, Y,-% -% 3h % 

'/1 •;; ~ Il ~ ~ j,' Y~ 'la 'ft 
% ~ ~ %Y.~ 0 1 ~6 x~ '15 % :39 ~ ::J'-( ~ 3't Yt '% :3.3 ~ 28 

/; ~ /.? ~ )i~ ~ ~ % Yto ){, 1 % ::26 :3 ;;il lb 

~ ~ 1{). ~ 67 %Y.~ 11:> t qo ~% 7 ro1 ~ :5"b 
.2% 11& % x % % 

x ~ x ;,s Y.~ 31 ~ % y, ~ x .. 7 

~ y, Yt /';' ~ Yt /( Yt x 

Fraction beside each farnily indicaté's the genera/species included by Willis. 
* Blue fluorescence in 2/2 genera and species. No doubtfuls in juglone test of plants. 

SEEDS 

HCN 

+ ? -

Y, 

~ 

% 

Y, 

y; 

YJ 
%, 
4;/'o 

'% 'lf'f 

~ :Z.h_ 

%x% ~ 1 0lj 

Y. -x 
~Y.~ 10 t r:w 

A 

~ 
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1 {1 
~ ;::o ::c 0 0 f-:] ~ ole 1~ 
>::: CD CD '-:1 'i 0 0 tu ln 

'~ 3 (IJ (IJ >::: >::: < '-:1 "d 
rn CD CD (";) (";) 00 f-J• "d 

1~ 
'i Q.. Q.. f-J• f-Jo 'i :::l ln rn 
f-'• rn ln !-') rn f-Jo 'i '-:1 
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traces were noted also in the Cruciferae. However, all familles 

except for Papaveraceae and the two species of Capparidaceae 

mentioned above were negative to'the tennie acid test. There is 

a possibility that the colour reaction which formed the basis 

of our resulta was affected by sorne compounds other than tennie 

acid, for exemple alkaloids. 

For easy discussion of the phenolic acids, I have grouped 

them as follows: A, includes gentisic, ferulic, sinapic, caffeic, 

para-cournerie and ellagic acids. Group B has protocatechuic, 

vanillic, phenyl lactic and syringic. Phloretic acid occurred 

abundantly in Moringa oleifera, but as this was the only occurr­

ence, this ac id has not been included in ei ther group. Group A 

acids were present in all six familles, whiie group B ones were 

for the most part absent. The importance of biosynthesis is 

revealed especially in considering phenolic acids, tannins and 

other phenolic cornpounds~ The presence of sinapic acid for inst­

ance, assumes more significance in this respect as the derivative 

of trihydroxycinnarnic_acid. Also the interrelationships of the 

cornpounds needs careful study as to their probable interference 

in chernical reactions. Table VI shows a summary of resulta of 

tests from all sources, that contributed to this paper. 
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B. Chemical Characters of the Familias 

Table IX shows the occurrence of various constituants in 

these familias. An examination of this tablè suggests that 

all six familias are sirnilar due to the absence of condensed 

tannins and leuco-anthocyar:lins, the reri ty of hydrocyanic 

glycosides, the absence of the naphthoquinones and group B 

phenolic acids,. The presence of seed proteine, oily seeds, 

and arnounts of saturated acids, oleic and linoleic acids also 

make them appear similar. Discrepancies occur in the hot 

water test where the Papaver~ceae show a tendency to be positive, 

and may therefore contain polyphenolases. The Papaveraceae also 

are distinguished by positive tannic acid test, alkaloids, 

amine acide and saponine. 

Now we may consider sorne of the questions posed in the 

introduction as problems. 

How does chemical evidence of such complexity influence 

the older opinions of family relationships? .Table IX shows the 

familias arranged according to Hutchinson.. In i t Papaveraceae and 

Fumariaceae differ .in.1.their chemical characters from the rest of 

the group. Cruciferae and Resedaceae show a similarity to the 

Capparidaceae, Moringaceae and Tovariace~. The Papaveraceae and 

Fumariaceae are set epart from the.other familias by their alkaloids, 

and the absence of thioglucosides. Frohne reported that in his "gel 

diffusion" technique, (electrophoresis) the Papaveraceae and 

Fumari:?.ceae were po si ti ve, but members of the Cruci ferae, 
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Capparidaceae, Resedaceae, Moringaceae and Tovar!aceae, also 

Tropaeolum maju,s and Viola tricolor were all negative. The 

s:trt:~ng: 11'ne ': 1:n 'f!aol;e IX would therefore indics te a more desirable 

division of the familles. There seems to be little evidence of 

dissimilarity between the woody and herbaceous groups according 
., 1 

to Hutchinson. However, Bate-Smith has expressed the opinion, 

that .the groups at the ends of two lines of development could 

be similar, despite their different paths of evolution, and if 

there were no transitional forma,· the diffe.rent phylogeny would 

be unrecognizable. ,He fel t tha t the associa ti on of sinapic a cid 

wi th a reduction in woodiness of plants could be interpreted as 

an exemple of a retention in a transitional form. He felt that 

this type of evidence might be useful in tracing the affini ties 

of the Cruciferae and Capparidaèeae, which contained abundant 

sinapic acid, but were not associated with woody familles. Another 

question which we raised was whether the chemical characters of 

the Papaveroideae and the Fumarioideae were sufficiently distinct 

to merit their being classified as separate familles. Contrary 

to the Englerian ides of homogeneity, Hutchinson states that the 

relation between the Fumariaceae and Papaveraceae is "more appar­

ent than real 11 , and accordingly he made them separate familles of 

1Bate-Smith, "The phenolic constituants of plants & 
the ir taxonomie significance", J. Linn. Soc. (Bot.}, 2.§, 371, 
P. 170. 
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his order Rhoeadales. He inoluded HyPecoum and Pteridophyllum 

in F\lmariace.ae. Man ske found no Papavers céâ.tir 0·1n the -~wldè sense) 

investigated to be completely devoid of alkaloids, and proto-

pine occurred in every papaversceous plant he investigated. 

In the Papaveroideae 16/32 genera and species had protopine, 

while in the Fumarioideae 4/46 genera and species had it. Our 

resulta showed the Papaveroideae to be positive for tennie acid, 

and the Fumarioideae had only traces. Also in the HCN test 3/5 

genera and species of Papavero1deae were strongly positive, but 

only one speoiesof Fumarioideae {Dicentra spectabilis) was observed 

to be positive. The se points could be used in favour of a separ­

ation. d-acetyl ornithine has been thought to be a taxonomie 

index ranking with protopine. Reuter found this compound restricted 

to the Fumarioideae. Frohne reported that from his serological 

data, Papaveraceae and Fumariaceae were closely related, and 

should be grouped together in an order Papaverales. Further invest-

. igation is still needed to clarify the closeness of the relation­

ship between the Papaveraceae and Fumariaceae, but at present 

indications faveur separatjcn of familles. Hegnauer suggested 

that phytochemistry supports· inclusion of the Papaveraceae in 

the Polycarp1 cae !' ;,Protopürê.~·: èhè1id'Onùîe: â!'Îd~Gsàrighi'l'i'arine .. ,.' 

làlre the alkë1eicis oharâèt€rîstie &i th~: :Pt:l-pa\taràceae ·~s·: who~te, and 

their closest relati.ves would be the Nymphaeaceae and Berberidaceae. 

A discussion of affini ties must also include mention'.of o'"' 

the great similarity between the Cruciferae and Tropaeolaceae. 
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These familles, one in the Geraniales and the other in the 

Rhoeadales both have large amounts of eruc1c and eicosenoic 

acids, mustard oil glycosides, and are similar due to absence 

of certain constituants, Like leuco-anthocyanins, tannic acid, 

polyphenolases. This congruence warrants a detailed investig-

ation, as there is still the possibility of misplacement of 

the family of Tropaeolaceae in Geraniales, al though most tax­

onomists consider this to be a classical case of parallel 

evolution. 

The use of chemical characters as supplementary aids in 

comparative taxonomy is becoming more recognized as research 

goes on. The abundance of criteria available is likely to sur­

pass those of a morphological taxonomy •. Its application is still 

limited however, as both taxonomists and chemists are still grop­

ing to pool their knowledge and improve communication between 

them. The increasing literature on the subject indicates a grow­

ing interest in this field of study. Chemotaxonomy offers a 
i 

challenge by its very magnitude and complexity, and although IBM 

machines and numerical systems1 of classification mar produoe 

resulta mQre quickly, the lure of greater knowledge and under-

standing of nature and the reward of sorne discovery, however small, 

will continue to fascinate and thus stimulate this kind of research. 

1R;. Sokal and P.H.A. Snes th, Princieles of Numerical 
Taxonomz, ;(San Francisco, Lond.: Freeman & o. ) , 1963. -
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CHAPTER V 

'CRITICIS14 

Perusal of the literature has revealed that communication 

between the verious branches of scientific research is lnadeq-

uate. Genetical findings, chemical advances in technology and 

botanical data are garnered often without thought of thelr 

usefulness ln other fields of study. Hence duplication of 

effort and slower progress result.. The sciences are àivlàed 

tao, by different termlnology,anà specializatlon often loses 

sight of its holistic frame of reference. Hegnauer àescribes 

the dilemme this way1 • 

Linne's opinion (1751) that plants relateà through form 

are as a rule also similar as to their content matter was hither-

tci inaàequately considered in taxonomy. For this there are diff­

erent ressons, mainly methods in systematics and phytochemlstry 

are entirely different, each bas its own terminology and liter­

sture. Ghemical institutes usually have no taxonomical period-

!cals and herbariuœ only 11 ttle phytochemical litera ture. Phyto-

chemical works are of lasser usefulness to the systematist 

because they usually report facts with inadequate interpretation 

and chemotaxonomical discussion. Chemical analysis of plants 

is younger, more time-consuming and expansive than morphological 

1 R. Hegnauei', Chemotaxonomie dei' Pflanzen, (Birkhauser, 
Basel und Stuttgart,) 1962,. Vol. 1, Vorwort. (Preface}. 
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analysis. Knowledge of the former is therefore much more 

incomplete. The systematist is able to tjistinguish sharply 

be tween anal ogy and homology. This is more difficul t on 

phytochemist:5,., Structurally similar matter may develop in 

different ways in different familles. Compounds of little 

relationship to the structural chemist may be produced in plants 

in similar biosynthetical ways. Conclusions as to their value 

in systematics is often only possible after clarifying the bio­

genesis of the compounds. 

The scope of this reaearch was limited by the time avail­

able for completion, as well as the fact that many of the plant 

species were unavailable. It was necessary therefore to make 

assumptions on the basis of relatively small samples. Such evid­

ence though useful for specifie purposes may be inconclusive as 

toits general validity. À survey of chemical characters by a 

few, simple, tests, such as was carried out in this project is a 

very useful method of approach. However many times it would 

have been invaluable to pursue further sorne compound revealed 

by a colour or other reaction. For example, in the case of the 

questionable reaction of Diplotaxis catholica and Peltaria 

alliacea to the leuco-anthocyanin test a follow-up by chromato­

graphy or other method of analysis could have provided valuable 

information like the possibili ty that the colour reaction could 

perhaps have been produced by sorne unknown compound. A clarific­

ation why sorne of our resulta for tannic acid conflicted with 

those of Bate-Smith would also have been very interesting. 
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Similarly, the compounds which produced positive reactions 

to the Hot Water Test mey have mer:tted further investigation. 

There still remain some gaps in the knowledge of the 

comparative chemistry of the Hhoeadales. Little is yet known 

about Bretschneidera. :· :.!c.:: No specimens were available to 

me and no recent resulta from others were noted. Also, the 

ana tomical homology (if any) be tween myrosin cella and the 

lactiferous cella and canals of the Papaverscese may need 

further clarification. An histochemioal survey of the members 

of the Rhoeadales would help towsrd that goal, and it was un­

fortunete that I could not meke such a study concurrently. A 

study of the biosynthesis of sinapine1 has already been done, 

but further examinetion of other compounds might help to increase 

the scope of comparative phytochemistry of this order. 

1
A. Tzagoloff, "Metabolism of sinapine in mustard 

I Degradation of sinapine into sinapic acid and choline," 
Physiol. 1§, (1963}, pp. 202-206. . 

plants. 
Plant 
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CHAPTER .VI 

CONCLUSIONS 

Hegnauer's opinion about the classification of the order 

Rhoeadales was supported by our results. He suggested that 

the separation of the Papaveraceae from the Rhoeada1ea and 
1 

their direct derivation from the Ranales (according to Hutchin-

son) appeared to be justified, since the Papaverales were close 

to the Ranales through oily seeds with endosperm, and tetrahydro-

isoquinoline bases. Their alkaloids were another factor·which 

favoured a separation. The othèr families, Capparidaceae, 

Crucifera~, Resedaceae (perhaps also Moringaceae and Tovariaceae) 

· appeared chemically closely related, having similar seed oils, 

myrosin and musta.rd oils spread throughout them. The 1ack of 

leuco-anthocyanins in the species of Capparidaceae and in the 

Moringaceae tested seems to militate against including these 

fa.milies in the Lignosae (.according to Hutchinson) where leuco-

anthocyanins are widely spread. The chemical characters are in 

the beat harmony with the delimitation of Takhtajan, viz. 

Papaverales (with Papaveraceae, Hypecoacea.e and Fumariaceae; 

or Papaveraceae s.l.), and Capparidales (with Capparidaceae, 

Moringaceae, Resedacee.e, Tovariaceae, Cru ci ferae). Fur th er 

clarification is needed on the derivation of these groups • 

. ~· 

•'. --
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SUMMARY 

A review of the historical and recent literature 

revealed a di ver si ty of opinions, about the family re lat­

ionships and hence classifications of the order Rhoeadales. 

The purpose of this paper was to determine sorne of the 

chemical characters of tJ1;e~·fanfi,l:iJês condër:riëa}; l:>y~'s'è>mè ·simple chem­

ical tests plus a literature survey, in an effort to gather 

more data on the problems of divergent views about the 

classification of the familles of this order, and to contrib­

ute soFe findings to the already existing knowledge about the 

comparative chemistry of the Rhoeadales. 

Phytochemistry was found to be valuable as a supplement-

ary aid to taxonomy, and in this paper, its use has provided 

data substantiating differences between the Papaveraceae, 

Fumariaceae and the other familles of the Hhoeadales, as sugg­

ested by Takhtajan. An arrangement into two orders, Papaver­

ales and Capparidale s, as proposed by him, se ems,; to be suppor ted 

by the findinss of this study. Further research may help to 

clarify the ancestry of these groups. 

:.;_, . 
..... ... , .;.~:c 
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APPENDIX A. 

Methodology 

1. Leuco-anthoclanin Test A. 

Fresh materiel from mature leaves was used. In the case 

of seedlings and species with tiny leeves, the stem and bits 

of petiole were also 1ncluded. The leaves were chopped finely 

with scissors.- When the leaves were reduced to pieces of 

approximately a millimeter in aize, about 0.5 gramsof this 

materiel was put into a small test tube and 5 mls of 2N HCl 

were added. The tube and contents were heated in a boiling 

weter bath for 20 minutes. The tube was then removed from the 

bath and allowed to cool. Then 5 mls of amyl alcohol were 

added and covering the tube with a thumb, the tube was shaken 

vigorously so that the contents were well mixed. The colours, 

if any developed, were noted, after whi ch the tube wa s covered 

with aluminum foil and left overnight. The next day the colour 

of the amyl alcohol layer was recorded. A bright cherry red 

colour was a positive result, while browns and other colours 

were ne ga ti ve. 

In order to check the reagents and technique, as well as 

to havé a colour reference, a known positive ~pecimen (e.g. 

Grevillea robusta) was included in each batch of tests as a 

control. 
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2. Ehrlich Test. 

Fresh leaves were ohopped very finely and about 0.5 

grams were plaoed in a small test tube. A few drops of 50% aqueous 

ethanol were added and the materiel stirred with a glass rod. 

This was done oarefully to avold removing too muoh ohlorophyll 

from the leaves. The tube was then plaoed in a boiling water 

bath and the contents stirred oooasionally. Additional aloohol 

was added to replace that lost by evaporation, but the liquid 

was maintained at a minimum. \Vhen a oonoentrated extraot was 

obtained, the tube was removed from the bath, oooled, oovered 

with foil and left overnight, or for sorne hours. The next day 

the tube oontained a moist maas, with liquid visible only when 

pressed with a glass rod. 

For eaoh specimen te sted, a pie'oe of fil ter paper 

(Whatmanrs No. 1; 7 oms. diameter) was needed. On this paper 

the ide nt i ty of the plant wa s wri tten. · Then i t wa s suppor ted 

around the edges by olean inverted test tubes, and three spots 

of extraot, about dime size, were made with a glass rod along 

the diameter of the paper. The spots were labeled "1, 2, ;" 

and the paper hung up to dry. 

Test A. Spot No. i was left untouched, but to No. 2 a 

drop of Ehrlich control reagent (conc. HCl and 95% ethanol in 

the seme proportions as in Ehrlich reagent) was added. Ehrlich 

re agent (a mixture of 1 gram p-d ime thylamino-benzaldehyde: 5 mls 

conc. HCl: 200 mls 95% ethyl alcohol) was added to the third 
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spot in the same amount as for the control. The filter pape_r· 

was allÔwed to dry, and any colours which developed were noted. 

To intensify these colours, or bring out sorne which did not 

appear in the cold, the paper when dry was placed in an oven 

at l00°C for one minute. Plants which are positive for this 

test, i.~. have aucubin or similar compounds, develop a deep 

blue colour in spot No. 3, which has the Ehrlich reagent. A 

brown colour develops in the control spot (No. 2). A magenta 

colour usually develops in spot 3 if leucoanthocyanins are 

present. 

Test B. After the paper had been .removed from the oven 

and·allowed to cool, a drop of ammonium hydroxide was added 

to spot No. l and the colour n~ted. In species giving a posi-

tive reaction to Ehrlich's reagent, a bright yellow golour 

developed, as for exarnple in Globularia spp. and Plantage spp. 

which were used as controls. 

3. HCN Test A,. 

Special tubes with tightly fitting groùnd glass stoppers 

were used in this test. Picric acid paper, prepared by soaking 

Whatman's filter paper No. l in picric acid and hanging it to 

dry, was eut into small strips of wedge shape:{.l.25''x:;G~5,!inchê~j. 

A stock of these were kept in a slightly moisturized brown glass 
\ 

bottle. To test fœ hydrogen cyanide, a wedge of picric acid 

paper was attached to the base of the glass stopper by means of 

melted wax. A small amount of leafy material (about l gram) 

was ground in a mortar with a few drops of water. Then a pinch 
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of commercial emulsin was added and grinding continued. 

Finally two or three drops of chloroform were added to the 

mixture. When a smooth consistency was obtained, the semi­

liquid maas was poured into the test tube. Gare was taken 

to direct the mixture into the tube without contaminating 

the aides and mouth of it. The mouth of the tube was then 

wiped clean with a little water as the wet surface ensured 

a tight seal. The picric acid paper was dipped horizontally 

into a petri dish of 10% sodium n;;.:arbonate solution, and the 

excess liquid was removed by bringing the paper into contact 

with some dry filter paper. The stopper was then inserted. 

In a strongly positive reaction the yellow test paper should 

change to orange or dull red-brown within a few minutes. A 

negative reaction was recorded when no change had occurred 

after a week. Passiflore caerulea was used as a control with 

each batch of specimens tested. 

~· Juglone Test A. 

About 2 grams ,of ch,opped leayes, petiole and stems (in 

some cases bark was also tested) were placed in a large test tube 

with a ground glass stopper, and ch,lorof'orm was added, _so that 

it just covered the leaf materiel. The tube was covered and 

the steeping proc~eded overnight. Thé ·next morning the mixture 

wa s fil te red and the filtra te evapora ted to dryness in a boil­

ing water ba th. The tube was inverted and the residue allowed 
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to cool. After this, the residue was dissolved in 5 ces 

of ether, and then 5 ces of aqueous ammonium hydroxide .were 
.. 

added and the tube well shaken. The colour in the aqueous 

layer was noted. An immediate development of a purple colour 

would indicate the presence of juglone or related naphthoquin­

ones and is therefore a positive reaction. A bright yellow 

colour may be due to flavones. 

Test B. The mixture was allowed to stand for a few 

hours after Test A and any colour which then developed was 

noted. 

Test C. The aqU:eou:s)~laye.r :wa:.fr,èrxs.rilined Cj!l!)!]; fluor:eecender 

und'e•r' 'Ûlt-ra-vfoJ.Ett. 11gh't .: . ·Brilliü!lrtt~ Tluoresèi;nbê may :be '.;itf<U-

5· The Hot Water and Cigarette Tests. 

The temperature of a water bath was brought to 85°C and 

cere was taken to maintsin it between 85°C and 90°C while tests 

were being made. A leaf was plunged part wsy into the wster, 

and held there for about 5 seconds and then withdrawn. A dark 

band which formed immediately along the water llne dividing the 

lmrnersed and exposed partsJ was classed as strongly positive, 

and recorded as I. A slower development is II, while a doubt-

ful colour or ver:r slow reaction was noted as III. No colour 

and was classified as IV. For the oxalis reaction, refer to 

page 84. 
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The Cigarette Test is very similar to the Hot ïiater 

Test, and the resulta are graded and recorded in like mannar. 

In this test, however, a glowing cigarette was held against 

the back of a leaf for about three seconds. A dark ring dev­

elops around the area of contact in positive specimens. 

Heders helix was 'used as a control for the se tests. 
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APPENDIX B, Table 1. ,A list of all plants tested ( by the writer, Honeyman, Gibbs and others .) 

PLA:f\lTS 

CL/Met 
+ ? -

1 . A . 1 Eh r 1 i ch 
+ ? - + ? -

HCN 
+ ? 

• Capparidaceae 

A . ~ Dipterygiodeae 
11 ~apparidoi dea e 

Apophyllum anomalum 

Fasc i a foetida 

Cad :1ba ,junc ea 
* Cnpparis cynophallophora 

fe rruginea 

flexuos a 

* j_§waic en s is 

l a siantha 

mitchelli 

no bi li s -----
Courbonia sp . , 

* Crataeva sp. 

* !V'ae rua sp. 
* Steriphoma ellipt i ca 

111 R9ydsioi deae 

lV Emolingiodea.§_ 

B. V Cleomoideee -------
Cleom8 a culen t a ---

g_!gont ea 

sp i no sa 

* sp . 
trachysperma 

* viol nce 
' 

* Plan t s t es ted by the writer 

** blue fluorescenc e in th e Jug lone test 
+ pos itive 

? doubtful 

nega tive 

(+) weak positive 
c result of the Cigarette test 

? 

-·+ 

? 

+ 

Juglone[ Hot Water 
+ ? - I II Ill IV ? 

)0'0: 

? 

+ 

L.A. 
+ ? -

S E E D 1 I N G S SEEDS 
1 

Ehrlich 
+? -1+ 

HCN IJuglone l HCN 
? - .,. ? - + ? 



Tnble l. (cont~d) 

Leuco 

IIC 1/t.l e thl an tho 

+ ? - + '? 

_Da~t~laena _:nicrant_b.~_ 

x Gynandropsis ~an~ra 

speci~sa _ 

pen t~Q:WJ_~ 

_ _Q]._ !!_n_i_sia _gr:~ ve olen s 

X icosandra 

Papaveraceae 

1 HzEecoideae 

-* fiXQ~_COJl~ 8_I'~nd~_-f_l_9]'_1,lm 

Le:e_~ocaroum 

Rrocumbens 

11 Papavcroideae 

A:rgemone alba 

-x mexicana 
" v. ochroleuca 

plntyceras 

var. rose a 

~Qcconia frutescens 

~~thcartia villosa 

Jf'Chelidonium majus 
1 

maj~s v. lacin iatus 
* Dendromecon n arfordii ---- --- ---

• r h amnoides 

Jt rigidum 

Jt DicranostiGma lactucoides 

Eschscholtzia caespitosa 

-* californica 

-* sp . 

Jt Glaucium corniculatum 
11 v. rubrum 

flavum 
x r'acleya coràata 

r1e conopsis be toni ci folia 

-* 

canbrica. 
grandis 

ho.rridula 

P L A N T .S 

Shrli cr1 HCH 
+ ? - + ? 

+-

- ·+ 

+ 

+ 

+ 

- 114· -
' 

C' 
d 

Jut__;l one l Ho t ,.Jater IL.A. 
+ '? - ? I II III I V + ? 

+ 

-+ 

+ 

+ 
*)!1 

-+-

? 

~'Jf -
+ 

+ . 
+ 

+ 

E D L I N G S 

Ehrlich' HCN 
+ ? - -+ ? 

1 

Seed s 

Juglonel HCN 
-i ? - + ? 



K Meconopsis nepalens~s 

J!: r egis 

Papaver aculeRtum 

J!: alpinum 

argemone 
atlanticum 

COJ111'l1U tatUM 

JE dubium 

glaucium 
heldreichit 
hybridum 

monan thum 

JE > nudicaula 

JE orien tale 

:QBVoninum 

JE pi l osum 

JE ~ 
pyrenaicum 

radicatum 

rhoeas 

ru:Qifragum 
JE somniferum 

" v . :eol ;z:ce:ena lurr 

triniifolium 

1 

1 

1 

1 

1 

Table 1. (cont'd.) 

heuco­

IlCl/t'e th an tho 

+ ? - + ? -

1 -1 

-
-

• 1 =1 

1 1 

1 -' 

P L A tJ T S 

hhrlichl HCH 

+ ? + ? -

-1 

- + 

-

=1 

1 

_l 

* Platystemon californ~c~s _l ~~ =1 JE RomneE_coulteri 1 

J{ llYbrida - - -

* tr i c~ocal~x - - -
* Sanguinaria canadensis - -
x Stylophorium diphyllum - -
111 Fumarioideae 

* Adlurnia fungosa 1 1 -1 _l 
Corydalis capnoides 

cava 1 1 1 1 

che i l Rnth i foli -
J{ glauca 

1.1. alba v. 

-1 

_l 

=1 

1 

_l 

=1 
-

-
-
-

-1 

1 

Jut;lon 

+ ? 

- 1 

~ 1 

=1 

1 

_ l 

~~1 
-
-
-
-

-1 

1 

- ].15 -

S E E D L I N G S 

Hot -;ia ter L.A. 

1 1 I I III IV I+ ? 

~ 

-1-

+-

+ 
...... 

;-

+ 1 

+ 

_l 

+ 
+ 

+ 

-+ 
+-

+ 

+ 

+ 

? 

1 

1 

Ehrlic 
+ ? -

1 

1 

Seeds 

HCN IJug lone 1 HCN 
+?-1+?- + ? 

1 :JI'- X 

1 ~3! 



Table 1. (cont'd.) 

., 1 

Curydali s fu tea· ~ 
~ ochroleuca 

K 

~ 

sempervirens 

siberica 

th a 1 i c tr i f o 1 i n 

Dicentra ç_anadensis 

x 

x 

cucullaria 

§lximia 

for'11osa 

~_Rec tabli s 

~ Fumaria capreolata 

x muralis 

o""ficinalis 

Cruciferae 

A. 1 Thelypodieae 

x Heliophila a!llplexicaulis L.f 
----~--

~-~!1-üifolia D.C. 

* Stanley~ ~inna ta inyvcnsis 

Strentanthus cordatus Nutt. - ~ .... 
- 11 Sinapeae 

x Ae thionema an ti taurus 
·-~ ---- ~ ------

* rand i fl oru:::1 ...... ______ _ 
.ê_tylosum D. C. 

Alliaria officinalis 

.Arabidopsis thaliana 

~rmoracia lapat:lifolia 

x Barbares internedia 

* 
Il loncirostis 

x H vulgaris H.Br. ~ ~ 

li Il v • arcua ta . , v . s_ylvestris 

Bi scu tella auriculata 1. 

x Il ciliata 

* 
Il d idyma 

x Il Jaevi;;ata 

Leuco-

HCl/t.~e t an tho 

+ ? - + ? 

P L A N T S 

.ti:hrlich 1 HCN JuGlone 
+ ? - + ? + ? 

.X)I: 

+ 

)E~ 

)<)(' 

~)t 

- ll b -

Hot ·v'ia ter 

3 E E D 1 I N G 3 

1 L.A . Ehrlich HCN 

'? I II III IV 1 + ? + ? + ? 

+ 

Seeds 

HCN Juglon 

+ ? + ? 

-·+ 

ft) 



'rable 1. (cont'd.) 

Leuco­

r:!Cl/Me th 1 an t ho 

+ ? ·· .. . • -- • • • 1 + ? 
Brass1c-a· al:ba- Bo1ss. 

~ 

~ 

* 
* 

~ 

ca;--:pestris L . 

c:-:teiranthos 

ch i nen sis 

eruca s trur.1 

fructiculo sa 

hirta 

juncea 

" v. cri spif'o1ia 

k abe r j 

" v. pinna t ifida 

napobrassica 

!181-JUS L. 
napus L . v. o!..eifera 

nit;ra :Koch . 

oleracea L. 
" L .v. acepha1a 

" L .·v. b . .ull.a ta 

L.v. botrr t~s 
~ ~ 

" L . t' t • v . ca pl c ' a 

Il v . cer:rr'1:!.fera 

" v. gongyl c. -des 

" L . v. i t a 1 :1 ca 

" v. sy1vest..eis 

'' v . tron chud a 

oxyrrhina 

pekine~sis 

ra pa 

" L.v. escu1enta 
11 :S. v. oleifera 

sinapistrum Boiss . 
sylves tris 

ve r n a 

P L A H T S 

Ehrlich IHCN 

+ ? + ? 

- 1 17. -

~ E E D L I N G S .Seed ~ 

1 1 
Ju~_;lonel Ho t ~·.r a ter 1 L. A. 1 Ehrlich HCl~ Juelone HCN 

+ ., - '? I II I II IV + ? - + ? -1 + ? - + ? - 1 + ? 

c 

e 



Tabl e 1. (cont'd.) 

* Cak i le eden tula (Bi g-el.) Ho ok-. 
v. lscustr::J 

* naritirna 

Calepins corvlni 

* Cardamine aliara 

* 

* 

-~ 

* 
* 

bulbifera (R.Br.) 

bulb osa 

d:ctyo~perma Hook. 
hirsu ta L. 

impatiens 

lyrata submerca 

pensylvanica 
pra ten sis L. 

Cochlearia arnoracia L. 

* da ni ca 

groenlandica L. 

officinalis 
Coronopus procumbens 
~ squamatus 

* Crambe abyssinica 

cord ifoli a 

* hispanica Linn . 
maritirra Linn. 

1 
Cl/He th 

1 
+ ? 

tatarica_ v . pinnatifida 

Dentar i a diphylla Nich. 

* Diplotaxis catholica 

erucoiàes 

* tenulfolia ne . . 
* Eruca sativa J' 1il1. 

* ~rysimum aurantiacum 

* cheiranthoides L. 

hieracU folium 

inconspicuur.J. 

linifolium 

perofskianur:J. 

Leuco­

antho 

+ ? -

L A N T 8 

!!.hrlichl hCN 
+ ? - + ? 

+ 

? 
' 

- ol+) 

(+) 

- 118 -

Ju;lone riot .• a ter 

+ _? - j ? I I I III IV 

+ 
e 
+ 

c_ 

c 

c_ 

~ E E D L I N G S Seed 

L~A . 1 Ehr l ich 1 !.ICN 'Jugl onel ~-iCN 
+?- +?- +?- +?- +? 

. ? 
+ 

- . ~-t-) 



'l'able l. (cont 1 d.) 

. . - !. •.!1 
Erysim-urn püni Ium· 
* repandum 

~ Hirschfeldia incana 

Iberis affinis 
amara 

coPonaria 

(1orreaefolia 

gi bral tari ca 

pinna ta 
~ sempervirens 

welwi tschii 

* Ionospidium acaule 

Isatis djurdjurae 

* ç;lauca 
* tine toria L. 

Lepidium affina 

~ 

1{ 

* 
x 

ca"1pestre (L.) H. Br. 
densiflorum Schrad . 

draba L. 

graminifolium L. 

latifolium 

menziesii 

perfolia tum 
sa ti vur.1 

virginicum 
* Lunaria annu~ L. 

rediva L. 

* r-,1yagru:n perfoliatum 

* Peltsria alliacea 

-* turkmena 

~ Haphanus caudatus L. 

raphanistrum I . 

Leu co-

HCl/Me th 1 an tho 

+ ? - + ? -

sativus L. v . Jongipinnotus 

" v . r. i~;er 

-* Roripa nasturtium-aqu__El__ticum . 

- 119 -

PLANT3 S E E D L I N G S Seeds 

i 
Bhrlich r!CN !Jublon, Hot Qatar j L.A. Ehrlich BCN 1 Juglonel HCN 

+ ? - + ? - + ? - ? I II III I + ? - +?-1+?- + ? - + ? 

c: 

+ 

c 
+ 

(-+) 

~~ 
+ 

(! 

(+) 

c 

(! 



r·able l. (cont'd.) 

i: Ro'"'r ~.tpa~ sy-1V'::ft1 c-Um · 
Jt Sinapis alba 
Sisymbriun altissimum L. 

Jf 

assoanum 

eus tria cum 

loe sel ii 

officinale .Scop . 

Jt Succowia belearica 
Texiera glastlf'olla 

Thlaspi alpestre L. 
Jf arvense L. 

Jf Turrtiis glabra 
* Vella pseudo-cytisus 

spinosa Boiss. 
3· 3chizopetaleae 

Schizopetalon walkeri 

4. Hesperideae 

Alyssum alpestre Linn. 
Jf 

Jf 

art;enteum 

Grana tense 
Maritimum 

saxetile L. 

spinosum 
Anas ta ti ca hlerochun tina 

* Arabis alpina L. 

bellidifolia 

Jf 

* 

di versicarpa 

glabre 

holboellii 

laeviga ta 
v erna 

~Aubrietia deltoides 

.H: hybrids 

.H: Berteroa incana (L.) DC-~. 
Braya linearis 

P L A N T .S 

Leuco-

HCl/Ile th an tho I J!;hrl i ch 
+?- +?- +?-

HCN 

+ ? 

+ 

+ 

- ]t20 -

S E E D L I N G S 

Jur;lonel Hot .Vater 1 L.A. 1 Ehrlich 1 HCN 
+ ? - ? I [1[, III IV + ? - + ? - + ? 

c 

+ 
)f)! 

~ 

Seeds 

Juglon, HCN 
+ ? - + ? -

+) 

+ 

]t-~ 

+ 



Ta b 1 e 1 • ( con t ' d • ) 

Bunias erucago L. 
orientalis L. 

Came 1 ina sa ti va 

* Capse lla Lursa-pastoris 
Cardaminopsis arenosa 

* Cheiranthus allionii 

Jt che iri 
mural i s 

Chorispora tenella 

* Cl1peola jonthlaspii 

.Cl/~.! et 

+ '? -

* Descurainia sophia (1. )1 v·vebb. 

* Draba aisoides 
aizoon 

* 
* 

alpina L. 

arabi sans 
siliquosa 

* Erophila verna 
Erucastrum gallicum 

Farsetia clypesta rl.Br. 

* eriocarpa D.C. 

Jt: Hesperis matronalis L. 

* Hutchinsia alpina 

Jondraba auriculata \Jebb .l & I3erth . 
Kernera boissieri 

saxa tilis 

Lo?ularia libyca 

Jt maritirna (L.) 

v. ben thami i 

* r~~alcomia africana 

* maritime 

Mat thi ola arbore sc ens 
labra 

Jt: 

* 

incana R.Br. 

sinua ta 

* Moricandia arvensis 
Na s tur ti um 'f'l'a s·tu'rti um -a~u8 ti cum 

· - offlc1üale R. r. t 

PLANTS 

Leu co-

an thd Ehr•li c~ HCN 

+?-1+?-1+? 

+ 

- 121 -

!J EEDLING.3 Seeds 

:Juclone Hot · .. ·a ter •hrlich lHC N Jugl one 1 HCN 

+ ? - 1 ? I II III IV 1 + '? - + ? - + ? - 1 + ? - 1+ ? 

.*"l'< 

~'lt· 

"K?€ 

c+ 



·rre-sl'i ra 1Ja-Ii"i(;1il-a-4;~ ( .L ·.1 
Pringlee. antiscorbutica R.l )r. 

Psychine s tylosa 
F tilotrichum spinosum 

Hicotia lunaria 
Rhytidocar~1s moricaridioides_ 

~chiver~ckia bornmuelleri 

~ Schivereckia doerfleri 

Stenophraema thalianum 

Vesicaris graeca Benth. 

~ u tri cula ta 

Wilckia littorea Druce 

patula D.C. 

Moringaceae 

~ Morinsa oleifera LaM. 

Tovariaceae 

~ Tovaria pendula Ruiz . et Pav. 
Tovaria v5rginiana.. (L.) Haf. 

Resedaceae 

~ Astrocarpus clusii 

~ Astrocarpus sesamoides 
~ Caylusea abysinica 

~ Re seda alba 

~ Reseda chrystallena 

~ .i.e se da lu te a 
~ Reseda luteola 

~ ~eseda oèora ta 

~ Tropaeolaceae 

Tropaeolum aduncum 

~ Tropaeolum majus L. 
Tropaeolum minus L. 

1 !Cl/t1e th 

r + ? -

P L A N T S 
Leuco-

antho IEhrlichl HCN 
+?- +?- +? 

+ 

-122 

Juelone 
+ ? -

*"~ 

S E E D L I N G S Seeds 

Hot wa ter 

? I II III IV 

l 
L.A.I Ehrlich HCN 1 Ju glone HCN 

+?- +?-1+?- +?-1+?-

+ 
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Table 2. Bahr'.s results of the tennie acid test for 
Gapparidaceae and Papaveraceae. 

S;Eecies 

Cleome st. 
Gleome v olacea 

e on um ma us L.x 
cranos gma aotucoides 

Escholtzia californica 
Giaucium cornlcuiatum· 
Glaucium corniculatum v. rubrum 
Macleya cordataK 
Meconopsis acu!eata 
Meconopsis cambrlca 
;econopsÎs ~hwoi~i 
:econops sorr ula 
Meconopsls nepslensis 
Meconopsls regla 
Papaver alblnum 
Papaver du lum 
Papaver nudicsule 
Papaver orientale 
Romneta coulteriH 
3angu naria canadensis 

III 
Adlumis funfosa 
Corydaiis g auca 
Cor1da1is ochroleuca 
Corydalls rupestris 
Corydalis semtervlrens 
Corydalis tha ictrifolia 
Dieentra ex!rna 
Di centra formosa 
Dicentra hybr!~ 
Dieentra oregsna 
Dicentra roses 
Die entra sp. 

Pos. .? 

+ 
+ 

tr 
tr 

+ 
tr 
tr 
tr 
tr 

+ 
+ 

tr 
tr 
tr 
tr 
tr 
tr 
tr 

+ 
tr 

+ 

+ 
+ 

tr 
+ 

tr 
+ 
+ 
+ 
+ 

tr 

Neg. 

-.. 

-

-

~ Species tested by Bate-Smith also and where conflicts occur. 
tr trace occurrence 
+ positive 

negative 
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Table 3· Alkaloiàs of the Cruciferae and Capparidaceae 

(Compiled from Willeman and Schubert). 

B- bark 
Fl - flower 
Fr - fruit c 
à - seed tM 

~ 

St - stem "'0 
p., 

G - green parts ~ 

L leaves () - œ 
N - who le plant Q) 

...., 
Q) Q) (!) ~ til 

Wo - wood ~ Q) c s::: Q) tM p., 
tM c Q) ..-1 tM c Q) ~ >< Q) 

r-1 tM s::: "'0 E ..-1 0 "'0 0 0 ~ 0 r-1 tM tM tM ...., tM p., ~ tM 
~ 0 H ~ ~ 0 p. ~ "'0 s 0 

tM O'l œ co œ 0 co () p., œ c 
Q) p., 0 0 0 ~ Q co .c H ~ .c ~ .s .3 .3 co tM ...., p, 0 

0 J:]:l :z; ::1.1 Cl4 !'("\ E-t :::::> 

liruc11'erse 11 

.t\e thi one ma elonsstum Bois s. + 

Brassica nisra Koch. 
s+ 

+ 
Brassice oleracea L. 

Brassica ra12a 
s+ 

Erlsimum arkansanum Nu tt. 
s+ 

+ + 
Er;Lsimum aureum Bieb. 

+ 
Erlsimum crs salEes ~lscJ.:l & 

Mey. + 
Erlsimum feoàorovii-kassumovii 

+ 
Erlsimum nanum Boisa. 

+ 
Erlsimum 12erofskianum 

+ 
!beria a ma ra L. 

+ + 
LeJ21dium SJ2• 

LeJ2idium hzssoEifolium De sv. +s 
w 

Lepidium virginicum L. fît 
Luna ria an nua L. + 

Luna ria biennis Moench. +s +s +s 
L 

RaJ2istrum rugosum All. +s 
+ 

SinaEis alba L. 
IV. + 

Capselle bursa-pastoris 
-

·~. . 



Table 3.(cont'd.) 

Capparidaceae 

11. Apo;ehyllum anomalum F.:Muel 

Ca;eparls canescens Banks ex DG 

Cap;earis lasiantha R.Br. 

Cap;earis lucide Banks. 

Cap;earis mitchell! Lindbl. 

Cap;earis nobilis F.V. 

Capparis nummularia DC. 

Capparis persicaerolia 

Cap;earis sarmentosa A.Cum. 

Ca:e:earis sola Macbride 

Capparis spinosa L. 

Capparis tomentosa Lam. 

Courbonia v ir ga ta I3rongu. · 

Cra taeva sp. 

V. Cleome ciliata Schum & 
Thom. 

Gynandropsis gynandra (L.) 

Polanisia graveolens Raf. 

Polanisia viscose DC. 

125 

(!) 

0 .,.... 
M 
0 
~ .,.... 
(!) 

.s::: 
0 

• 

,', 

-

(!) Cl> 
Q) 0 0 Q) 

0 Q) .,.... •..-i 0 .,.... 0 '"0 s .,.... 
M .,.... .,.... .,.... .p 
0 r.. r.. ~ 0 
Cil Cil Cil Ql 0 
~ 

1~ § 0 r.. 
~ ::s Cil 
fil ...::1 z 

(!) 

0 .,.... 
~ 

'"0 
p., 

..c:: 
0 
Cil 

(!) .p 

0 fil .,.... ~ 
(!) r.. ~ Q) 
0 '"0 0 0 ·0 .,.... 1>1. ~ .,.... -~ 
p. .s::: '"0 s 0 
GJ 0 :::-, ca 0 
c CD .s::: ~ ~ .,.... .p :;., § rtl C/.l l'<\ 8 

+ 

L B+ 

+I3 

+L 

+B 

.1.1 B+ 

S L+ 

+ 
---

Fl .. + 

+B 

+ 

li'r+ 

Fr+ + 

; 
+ 

: + L 
( 

:~ W+ 

Woi' 
: 



c; 1-:3 
!j ;:J ::s (!) 

c 
::J ::s 
C) c 
(!) 3 
""$ c:1 
<t (!) 

0... ~ 
(,~ 

c-. 
1-' C) 
C CD 
() t:J 
0 ....,. 
(Il Cl. 
1-'• CD 
0.. 
CD ci" 
(Il ;J 

CD 
:::1 
u' c--. 
<! 1-' 
CD C 

() 

C) 0 
(\) (,'l 

(\) 1-'· ::s 0.. 
(!) 

''CS (Il c 
C) {J) 

1-' ~ 
1-'• <t 
(/l 

;:J cT 
CD ;:J 
0... 0 

(Il 

l'f, (!) 
f-J• 
::s c 
() (ll 

CD CD 
0... 

1-' 
'-.C C) 
Vl'<: ,..., 

:A! 

tJ:j r 

0'::!6 
Q) 0 
""$ 0 
~o.. 

* 
f-0 ..., 
0 

(J'q 
0 
f-J · 
c+ ..., 
f-J· 
::s 
f-'· 

m 

m 
1-' 
UJ 
0 

0 
(\) 

1-' 
1-' 
G 
n.. 

Q 
1-' c 
0 
0 

t...... ..., 
Q) (\) 

l'D "d 
~ f-J · ...., 

(1) 

1-' '"1 '1) ... _ 

(j ~ 
0 

tl) 

:::! 
Q.. 

f-J• 
::s 
0.. 
f-J> 
() 
m 
cT 
(\) 

f-J• 
::s 
0 
~ 

"' Q) 

m 
f-J• 
::s 

()1 , 

0 
0 
a 

"d 
1-' 
CD 
>< ....,. 
cT 
«: . 

Q t""' + 

Ci -. 1-' 0.. 
'i Q) 0 
(') cT c 
(!) <D C) 
::s >< cT 

f-'J 
"0 c 

Q) 1-' 
~ 
cT 
(•) 

::tl (/) 

..., UJ 
0 (1) 

0 (1) 

c+ 0... 
UJ UJ 

JO t:1 o o 
....,. (!) 0 0 
'd ::.:s ~ ~ 
1-' rtO 0 
0 (\) ::s ::s 
cT ~ 0 10 Q) f-J• "0 "0 
>< Q) s.:: s::: 
f-J> (Il (Il 

~~ 

0.. 

1
0 0 0 
o o m 
0 0 ~ 
::Y ::Y 0... 
1-' 1-' Q) 
(!) (!) ~ 
llJ OJ f-J> 

~ 1 ~ l::s f-J• f-J• (!) 
Q) Q) (Il 

"0 
rt• 
(!) 

(Il 

"0 ~-'- 10 en ~ ~ 0.. ,..., "d Q) 

::s 
c 
f-J• 
t-') 

0 
1-' 
f-J• 
m 

~ c 
(Il 

1-"J • ....,. 
0 
f-J• ::s 
Q) 

1:-1 Il-' f-J• 
(ll 

L' l' L' 
~ ...___.. 

tJ 
0 +-!"> 

cT 
(!) 

::s 
(ll ....,. 
(ll 

L' 

0 
{J) 

~ 
0.. 
OJ 
3 
t-'• ::s 
(!) 

(ll 1~ 
"0 • 

"' + + -"'1 V'> 

..:> +en +-I'>+..(I 

+h' 

+ +-l') 

"' (,/) + +-.!) 
V\ 

+-l') 

+ 

+-l') 

+..() 

.,p 
7> 

+~ 

+VI 

~' 
+~ 

Cl: IJj 
'i Q) 

OJ ~ 
(Il C) 
(Il Q) 

....,. ~ 

0 CD 
OJ Q) 

~ [::s· g ~ ~ 1~ (1) ; "d Q) 1-' 
""$ ~ C CD 
Q)Q)toO Q) 

0 0 ~ 
CD ~ 1:-i :>< f-J• 
Q) 0 • (ll 

0 ::0 
t-1 ;:Y • :::0 

+li' 

"' + 

tJ:j • 
~ t:rJ 

""$ 

V• 

+ f) +~ 

+ûl 

+ 

)> H 0 
1-' H ~ 
1-' • s::: 
...... 0 
{J) f-J• 
~ 1-"J 
1-'" CD 
{J) ~ 

Q) 

0 CD 
1-"J 
f-'J 
...... 
0 
t-'• 
::s 
Q) 

1-' 
...... 
(Il 

llJ 
::s 
0... 
"j 
N . 

+(fi 

Glucocappari n 1 

G1uco1epidiin 2 
G1ucoputranjivin 

G1u cococh1earin 

Glucoj ~a put.~ n 

1-' .,_. .. , 
«: 

3~---' 

4 

> 
1-' 
~ 

Sinir;rin 5 
G1uconapin 6 

7 ~ 
Gl ucobra ssi cana pin<..:: 
Glucoibervlrin 8 
Glu c oerucin 11 
Glucober t e r oin 15 

G1uco1esquere11in 

Glucoiberin <J 

G1ucoraphanin 12 

G1ucoraphenin 1 3 

' Ilucoa1y~;sin 16 

(rluco::,ir·~u tin 17 
Glucoarabln 18 
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