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I N T ROD U C T ION. 

Despite the tremendous advances made ,"ith regard 

to synthetic organic medicinals within the last two 

decades, heavy reliance is still placed on plant products. 

This is especially true of the anthracene derivatives used 

medicinally as purgatives, and which are derived principally 

from senna, cascara, rhubarb, frangula and aloes. 

While particular attention has been paid to the chemistry 

of the former group in recent years, aloes has been large ly 

neglected, possibly due to the fa ct that the Aloe species 

are confined largely to areas where extensive research 

facilities are lacking, such as Africa , India and the West 

Indies. Thus research in Europe has been confined largely 

to the lump aloes of commerce, derived from relatively few 

species. 

In 1953 a comprehensive report by Hodge (103) appeared 

on "The Drug Aloes of Commerce, ihth Special Reference to 

the Cape Species". Hod~e observed that South Africa abounds 

in species just as abundant as A.ferox, (which is the prime 

source of Cape aloes), and advised that a systematic chem­

ical survey might show certain of these to be not only 

higher yielders of bitter aloetic juice but also sources of 

a superior drug product. 
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Consequently an investigation along these lines is 

presented here, and itfu observed that several species apart 

from A.ferox not only contain aloin, but also yield a large 

volume of aloetic juice. Only pharmacologic studies can 

reveal if the juice of these species is as safe as that of 

A.ferox, but without doubt they could be used for the extrac-

tion of crystalline aloin. Concurrently, the distribution 

of the Aloe resins, said by some to be purgative themselves, 

has been studied. 

The investigation has revealed that the structurally 

similar compound homonataloin enjoys an equally wide 

distribution as aloin. However, almost invariably it 

is confined to small species yielding little aloetic juice, 

apart from which nothing is known regarding its pharmacolo­

gic properties . It is interesting to note that the resin 

distribution in the homonataloin .. containing species is very 

similar to that of the aloin-containing species, but differs 

widely from. that of the species containing neither of these 

principles. 

Apart from aloin and homonataloin, aloinoside and 

chrysophanol also occur in Aloe species, and together with 

the resins, these indicate that when all the South African 

Aloe species have been investigated, they may well be of 
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chemotaxonomic value. 

Within the comparatively short space of the last decade some 

work has been performed on aspects of the metabolism of such 

anthracene-containing species as Rheum, Rhamnus and Rumex. 

These investigations have shown that the anthracene deri­

vatives are not merely waste products, but perform definite 

metabolic functions. The latter portion of this work has 

been devoted to this relatively neglected aspect of the Aloe 

species . 
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CHAPTER 1. 

ANTHRACENE DERIVATIVES. 

1.1.1 I NTRODUCTI ON . 

The anthraquinones {oxidised forms of anthracene } form 

the l'iidest Jroup of naturally occurri ng quinone compounds 

{THOMSON {2l7 }} . Several of these are of medicinal im­

portance, ma i nl y as purgatives, and in consequence much 

research has been directed towards the anthracene derivatives 

of medicinal plants. 

1.1.2 OCCURRENCE . 

The anthracene derivatives are widely distributed 

throughout the plant kingdom - in the Monocot yledons they 

occur chi efly in the Li:)'.i1!.9 lli!~ , and in the Dicotyledons 

chiefly in the Polvgonaceae , Rhamnaceae , Rubiaceae and in 

the genus Cassia. Some are a l so found in Hypericaceae , 

Scrophulariaceae {e.g. Di,italis }, Euphorbiaceae etc . I n 

the Gymnosperms , Pteridophytes and Bryophytes they seldom 

occur although some have been found in the f ertile shoots 

of Eguisetum a rvense {HEGNAUER (lOll) . On the other 

hand they are comparatively common in certain fun gi , e.g . 

ergot (FRANK & RESHKE (79 )) and aspergillus {BIRKI NSHAW & 

GOURLAY {25 }}, as also in lichens {FAIRBAI RN {6] }} . In 

the animal kingdom an example of their occurr ence is carminic 
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1.1. 5 PHYSICAL PROPERTIES OF ANTHRACENE DERIVATIVES. 

The spectrophotometric peaks of severa l anthracene deri ­

vatives appear in table 3 (ii ), while in tables l(i) &l( ii ) 

~ppear figures for me l ting point s (218) and for hydrolysis 

rates of some hydroxy,mthrdquinone !gl ycosides (FERGUSON & 

GARDNER (75 ) . 

Table 1 (i) MELTING POINTS . 

Name . 

emodin 
a l oe - emodi n 
rhein 
physcion 
chrysoph&nol 

homonataloin 
a l oin 

Posit i on of OH ~roup (s ). 

1,8 

erythroxyanthraquinone 

~-hydroxy anthr aquinone 

dlizarin 
quinazarin 

anthrarufin 
chrysazin 
anthraflavin 
anthragal l ol 
hydroxychrysazin 
anthra purpurin 
f l avopurpurin 

rufie;allic acid 

1,8 
1 , 8 
1,8 
1,8 
1, 8 
1,8 

1 

2 

1,2 

1 , 4 
1,5 
1 , 8 
2,6 

1,2,3 
1,2 ,8 

1 ,2, 7 
1,2,6 

1,2,3,5,6,7 

M 1 . . ( °C ) e tln~ pOlnt _ 

256 
244 
321 - 322 
207 
196 
202-4 

147 

193 
302 

289 

194 
280 

193 
>330 

314 
239 
360 
360 
282 
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Table l( ii ) HYDROLYSIS RATES OF HYDROXYANTHRAQUINONE GLYCOSIDESo 

A-;lycone - Time r equired for 50% hydro lysis 
anthra quinone Su:sa r. HCl 0.050N KOH 

minutes minutes. 

I -hydroxy ~-d -glucose 36 12 
I - hyd r oxy ~ -d -arabinose 5 4 
I - hydroxy ,,( - d- cell obi ose 9S 13 
I - hydroxy ~-d -m:.ltose 30 15 

2- hyd r oxy .Jl'-d - glucose 360 1 5 
1, 5- hydroxy f?-d- :slucose 30 9 

1,S- dihydr oxy JJ- d- Q;lucose 26 4 
1,S- dihydroxy t;<-d- cellobiose 270 40 
1,S-dihydroxy J3-d- maltose 32 40 

1, S- dihydroxy-
3 methyl p-d - ~luc ose 40 16 

1,9- dihydroxy-
3 methyl Ol - d- cellobiose 50 55 
• 

l~S-dihydroxy-
S5 3 methyl fJ- d- maltose 45 

It should be noted that whe r eas O- glycos i des hydrol yse 

with dilute mi nera l a cids (or a lka l ies ), the C - ~lycosides re -

quire stronser acids and the addition of , for example , fe rric 

chl oride over a ~reate r pe riod of time: With re~ard t o the 

spec t rophotometric properties of anthraquinone, much work on 

this has been done by MORTON & EARLAM (l5 S ), who list spectro-

photometric r eco r din;s of several hydroxyanthrclquinone and 
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methoxy- anthraquinone derivatives in several solvents, Jnd show 

how it is possible to char~cterise compounds in this manner. 

BRIGGS , NI CHOLLS & PATERSON (39 ) h~ve worked on ~nthr~jullol and 

its derivatives , and state that these show an absorption band 

in the re:e;ion 240-245 mll, due to the chr omophore - C6H4 COR , 

one of the fundamental bands of anthraquinone itself. Absorp­

tion in t he rejion of 276- 288.5 mu is charac t eristic of the 

quinonoi d nuc l eus of anthraqui none . Vlave l en2;ths of 356- 362.5 m].l 

show no free hydroxyl ~roups , whil e one free hydroxyl ~roup is 

shown by .vavel enjths of 407.5 - 413.5 m)J. &nd t wo free hydroxyl 

jroups by wavelen~ths of 427.5 - 432.5 m)J.. 

1. 2 . 1 DISTRIBUTION OF ANTHRACENE DERIVATIVES . 

As was mentioned before , anthr acene derivatives are \videl y 

distributed in nature. Those of medicina l importance are 

found in the Cassia , Fran~ula , Rheum and Al oe species , and 

these will be dealt .. lith l uter . 

A complex variety of anthraquinone derivatives hdve been 

found by BOWIE & co -workers and by BRIGGS & co -workers. The 

appearance of several derivatives in one species is the r ule 

rather than the exception , Jnd doubtless this will be the case 

with the Al oe species when this field has bben thorol.l;~hly ex-

plored. Only recently ha s HAYNES (personal communication ) 

isol a t ed a l oesin, a C- gl ycosyl derivative, f rom aloes . 

This substance is dealt with in Chapt er 8. 
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BOWIE , COOKE & WILKEN (33) have in recent years isol a ted 

several anthraquinones from two Coelospermum species 

( C.reticul~tum a nd C.panicula tum), of the family Rubiaceae, 

tribe Morindeae. The anthraquinones in C.reticulatum occur 

most l y in the free state, the principal constituent b~in~ a 

new n.:..tural anthraquinone coelulat in, which has been identified 

as 1,3,8-trihydroxy- 2- hydroxymethylanthraquinone. Sm~ ll amounts 

of rubiadin and lucidin have also be en isolated. In 

C.paniculatum the anthr aquinones occur mostly as s lycosides 

which have been hydrolysed to a mixture of rubiadin, rub i adin-l-

methyl ether and l ucidin . The nome "medic ine bush" :;i ven to 

the plant su~gests that it mayat one time have been used a s a 

pur.ga tive. 

It has long been noted that a 1,8-ctrran:;ement of hydroxyl 

groups is usua l in anthraquinones isol ated from pl~nts of the 

f amily Rhamnaceae, and from fun~i and lichens . This arran:;e -

ment could arise naturally by the polyacetcte route of bio-

r;enesis . It has been customary to say that this pattern of 

hydroxyl groups never occurs in the an thraquinones of the 

Rubioceae, but coelulatin provides the exception to this rule. 

BOWIE & COOKE (32 ) have obtained anthraquinones from the 

whole roots of Morinda citrifolia, namely nordamnacanthal (which 

a ppear ed in the Coelospermum species ), morindone, rubia din , and 

rubiadin- l -methyl et he r . (These l cttter t wo have a lso been 

isolated from the root bark of Morinda jasminoides. ) 
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Another minor component isolated was soranjidiol (1,6-dihydroxy-

2-methyl-anthraquinone). From the root bark of Ventilago 

viminalis three new colouring matters have been isolated by 

COOKE & JOHNSON (52) namely ventimalin, viminalin and venti­

lagone, as also the known anthraquinones chrysophanol and 

islandicin. Ventimalin is 1,3,4,5,6-pentahydroxy-2-methylan­

thraquinone, while viminalin is 4,5-dimethyl ether of ventimalin. 

Several of these compounds also occur in the Coprosma species. 

Thus BRIGGS & DACRE (35) isolated the followin~ anthraquinone 

derivatives from Coprosma australis:-

a) morindin, a water soluble glycoside of morindone. 

b) morindone, 1,5,6-trihydroxy-2-methylanthraquinone. 

c) rubiadin-l methyl ether (3-hy.droxy-l-methoxy-2-methyl­

anthraquinone.) 

These were found both in the bark (17%) and in the root. 

In Coprosma areolata BRIGGS, CRAW & DACRE ()6) obtained a 

high yield of 23% for the two compounds, rubiadin-l methyl ether 

and areolatin, which is probably 1,5,6,7-tetrahydroxY-2-methyl­

anthraquinone. From Coprosma lucida BRIGGS & NICHOLLS (37) 

found a number of anthraquinones both free and as glycosides. 

No fewer than seven free anthraquinones occur, namely anthragallol 

its 2-methyl and 1,2-dimethyl ether, rubiadin, 1,6-dihydroxy-2-

methyl-anthraquinone, 3-hydroxy-2-rnethyl anthraquinone, and a 

new trihydroxy-2-rnethyl anthraquinone for which the name 

lucidin is proposed. 
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From Coprosma acerosa, BRIGGS & THOMAS (38) have isolated 

the following by chromato'Sraphy, namely lucidin, anthragallol 

2-methyl ether, anthragallol 1,2-dimethyl ether, rubiadin 1-

methyl ether and 1,6-dihydroxy-2-methylanthrdquinone, some of 

which were also combined as glycosides. 

Later work by BRIGGS, NIC HOLLS & PATERSON (39) accounted 

for soranjidiol, rubiddin and copareolatin in Coprosma australis, 

which has been mentioned earlier. Finally, to complete the 

extensive picture, BRIGGS & TAYLOR (40) have obtained rubiadin 

l-methyl ether and anthragallol 1,2-dimethyl ether from the 

bark of Coprosma rhamnoides. Physcion, rhein, aloe-emodin, 

fran'Sula emodin and chrysophdno l have been obtained from 

Oreoherzogia fallax Boiss by POETHKE et alia (171) . 

1. 3.1 BIOSYNTHESIS OF ANTHRAQUINONES. 

Hand-in-hand with the detection and isolation of the vast 

number of anthraquinone or anthraquinone derivatives existing 

today has gone an intense interest in the biosynthetic pathways 

by which these compounds have arisen, as also an interest as to 

whether these compounds can be used as a means of establishing 

a chemical taxonomy of the species producing them. 

Several theories have been offered to account for the pro­

duction of anthraquinones. Thus GILSON (92) as long ago as 

1902 suggested that the anthraquinone nucleus could arise from 

condensation of phenolic compounds, for example, two molecules 
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of gallic acid condensin~ to form rufigallic ucid 

(1, 2,3,5,6,7- hydroxyanthraquinone ) . MORITZ (ex 81) suggested 

the possibility of condensation of phenylmethane bodies (e.g. 

vanillin, salicylaldehyde, salicylic acid , etc. ) Supportin~ 

this theory is the presence of resinous bodies of the phenylpro­

pune series in Aloe , and the content of salicylic a cid in 

senna "leaves. Conspicuous, also , is the presence in rhubarb 

of both anthra~lycosides and gallotannic acid materials. 

More popular conceptions of the biosynthesis favour acetic 

acid (as acetate unites), shikimik acid, or orsellinic acid 

as the b~sis of biosynthesis. However, HEGNAUER (101) states 

that comparison of some of the compounds accompanying 

anthraquinones in certain plants indicates that there may be 

several metabolic path,qays to anthraquinones in hie;her plants. 

Quotin;>; several species ;vhich include, amongst others, 

Pol y'Sonaceae, Rubiaceae, Rubi8.ceae - Coffeoideae (e.::;. Antho­

spermae, Morindeae, and Galieae ), He~nauer is of the opinion 

thut the acetate theory is not likely to t ell the who l e story 

of anthraquinone synthesis in hi3;her plants. In several 

cases relations between anthraquinones dnd flavanoid compounds, 

phenylpropane derivatives and still other phenolic compounds 

seem probable. In other instances the anthraquinones show 

~reat similarity to naphthoquinone s accumulated in the same or 

systematically re l ated species. On the other h~nd, the 

naphthalene derivative of Rhamnus j a ponica could arise by 
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oxidative degeneration of anthranols. From a taxonomic view­

point, however, HEGNAUER is convinced that an accurate study 

of the anthraquinones present in the several species may be an 

aid to the arrangement of this large number of species in taxa. 

1.3.1.1 SHIKIMIC ACID. 

According to RICKARDS (177), the recognition of the shikimic 

acid route, (stated to be one of the two major synthetic routes), 

is due to DAVIS and his associates (sensu RICKARDS). This 

method gives rise to amino acids and similar aromatic compounds, 

and DAVIS based his findings on work performed on mutants of 

micro-organisms (mainly E. coli and A.aerogenes) which were defi­

cient in the ability to produce certain essential metabolites, 

including phenylalanine, tyrosine, tryptophane and p-amino­

benzoic acid. Phenylalanine formation passes from shikimic 

acid (l,carboxy-3,4-hydroxybenzene) through three intermediary 

stages. 

1.3.1 . 2 ORSELLINIC ACID . 

According to BIRKINSHAW (24), SESHADRI favoured orsellinic 

acid units as components of anthraquinones, since orsellinic 

acid is the invariable component of lichen acids and depsidones. 

The orsellinic acid was considered to arise by aldol condensa­

tion of a hexose and a biose. Since the lichen products are 

probably produced by the fungal symbiont of the lichen, it was 

an obvious further step to extend the hypothesis to mould 

met abol i tes . 
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Some hydroxylated anthraquinones a re formed in very high 

yi e l d from ~lucose by the action of moulds (RAISTRI CK (ex 192 )). 

A noteworthy feature of these mould metabol ic components is 

that they bear a carbon constituent in the 3- pos iticn (a methyl 

~roup or an oxida tion pr oduct thereof : ) Thus Penicil lium 

cyclopium ~ives rise to the trihydroxy &nthraquinone compounds 

emodic acid and ~-hydroxyemodin, while tetrahyd roxy compounds 

cire produced by HelminthosEorium species. 

1.3 ·1.3 ACETI C AC ID . 

As I ons a~o as 1907 COLLIE specula t ed on "acetate units" 

as bein~ the route whereby hi~her aromat ic compounds were syn-

thesised. This work has been reviewed by BIRKI NSHAW (24) who 

states that the acet ate hypothes is, deve l oped by ROBINSON & 

BIRCH foll owins COLLI E'S ori ~inJl specul ation, has achieved 

considerable success in offerin~ d pl a us ible route for t he bio­

synthesis of func;al metabolites , part i cul..1rly the quinones . 

The method of linkase of a cetate units is perhaps most readily 

envisased i n the case of cert a i n anthr aquinones . ROBI NSON 

(ex 24 ) dre.T attent ion t o the foldin ~ of the C16 ch,-dn fo rmed 

from $ acetate units so as to ~ive the skeleton of endocroc in . 

The acetat e hypothesis has been further examined and ex­

t ended by BIRCH & DONOVAN (23) as d result of inductive reasonins 

from structural comp~risons of a l arse number of ndtur~l products , 

• 
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chiefly phenols. In some cases they have, by this hypothesis, 

predicted the correct structure of fungal quinones when the 

chemical evidence offered a l ternatives. Thus when AST I LL & 

ROBERTS (sensu BIRKINSHA\,J (24 )) ha.d sholtm that flaveolin was 

either 2,5,7- trihydroxy- l , 4- naphthoquinone or the 3 , 5,7-compound 

BIRCH & DONOVAN (21 ) predicted the former struct ure on the basis 

of the acetate theory of biogenesis. HAYNES et olia (99) have 

used this method a l so for the structure of homonataloin. 

Evidence in favour of the acetate hypothesis has been ob­

tained by incorporation in the substrate of acetate labelled in 

the carboxyl group with C14 to produce labelled quinones . 

This method has been used by BIRCH et a l ia for helminthosporin 

from Helminthosporium ~ramineum, and by GATENBECK (84) for 

emodin derived by dithionite fission of skyrin produced by 

P. islandicum . 

1.3.1.4 CHEMICAL CONSIDERATIONS OF ACETATE BIOSYNTHESIS. 
(AFTER RICKARDS (177 )) . 

Phenolic biosynthesis from acetic acid can conveniently 

be conside red at two levels : firstly, ;eneration of the main 

carbon - oxygen ske l eton from ~cetate units , and secondly, sub­

sequent structural modifications of this skeleton, includin; 

the introduction and removal of certain substituents . 
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1.3.1.4 (1 ) GENERATION OF THE CARBON - OXYGEN SKELETON. 

Hypothetically, acetic ~cid units (biologically activated 

for acyl ation as their thiolesters with co - enzyme A) ore joined 

by formol elimination of water in head- to-toil linkct~e , with 

each other or with naturally occurrin~ carboxylic dcids to form 

polyketomethylene acids . Rin~ closure by aldol condensation 

or C- acyldtion would then produce phenols of the orcinol or 

acylphloro~lucinol type respectively . 

lichens a re typical orcinol - types . 

The depsides from 

MODIFICATION OF THE CARBON - OXYGEN SKELETON. 

Modification is frequently caused by introduction or 

removal of oxy~en. Oxidation of phenols at their ortho-

and para - positions is chemically facile, and similar biolo~ical 

introduction of oxygen is indicated notably by the frequent co-

occurrence of i.mthrones with the related anthraquinones. Oxi -

dation may also occur at methyl ;roups, and std~es of oxidation 

of physcion (emodin- 6- methylether,R=CH
3

) produces fallacinol 

( R=CH20H) and fallacinal ( R=CHO ) . 

Removal of oxYse n probably involves reduction of a carbonyl 

~roup to a hydroxyl ~roup in a non-aromatic intermedi~te, 

followed by dehydration. In some cases intermediate sta~es 

in t his oxy~en removal process are found: both flavoskyrin 

and its dehydration product , chyrysophanic acid, have been 
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isolated from Penicillium islandicum, and may be compared with 

emodin and helminthosporin, in which both removal and intro­

duction of oxygen have occurred. 

1.4.1 CLASSIFICATION OF ANTHRAQUINONES. 

According to BIRKINSHAW (24) the lar?;est group of fungal 

quinones occurs in the anthraquinone series . Nearly all of 

them have a methyl group or an oxidised form of it in the )3-

position. They may be classified according t o the number and 

position of the nuclear hydroxyl groups as follows:­

Group 1 

Those possessin .~ only u:.-hydroxy 1 group e. 'S. chrysophanol 

and islandicin. 

Group 2 

Those possessin-S both ','_- and f3-hydroxyl groups. These 

may be further subdivided into n;roup2A (the emodin type) having 

two ·,, -and one J3-hydr oxyl or potential hydroxyl group, and 

group 2B, having three rJ...- and one j3-hydroxyl (or potentiall 

'sroup. For exampl e, Group 2A - frangula emodin, physcion, 

~-hydroxyemodin, emodic acid and roseo-purpurin all conform 

closely to emodin, the type substance, while endocrocin, nal­

giovensin and nalgiolaxin show less conformity. Group 2B -

catenarin, erythroglaucin and tritisporin conform to the emodin 

type with the insertion of an additional nuclear hydroxyl group. 
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1. 5.1 TAXONOMY . 

Whenever groups of plants are studied having similar chemi­

cal constituents, it is customary to see if these compounds 

can be used as a basis for a chemical taxonomic classification. 

" Accordin~ to FLUCK (78) we may distinguish the so-called primary 

plant products, for example starch and proteins, and the secon-

dary products such as mucilages and gums, glycosides, tannins, 

alkaloids, essential oils, pectins, etc. These groups for-

tunately also represent the most useful substances for chemi-

cal taxonomy. Whenever chemicals in plants are studied for 

taxonomic purposes it must be borne in mind that the absence 

or presence of constituents in related plants may vary due 

to geographical and climatic conditions, and seasonal and even 

diurnal vari~tion cannot be overlooked. 

1. 5.2 HETHOD OF CLASSIFICATION. . . 

Chemical contributions to the classification of plants are 

based on their chemical constituents, that is, on their 

"molecular characteristics" (ERDTHAN (61)). These characteri-

stics are genetically controlled, and have the advanta~e over 

morphol ogical ones, that they can be very exactly described in 

terms of definite structural and configurational f ormulae. 

The elucidation of the structures and configurations of naturally 

occurring organic compounds paves the way to an understanding 

of their biosynthesis, which is a matter of fundamental systemic 
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importance. The method of chemical taxonomy is thus simple 

in principle, and consists of the investi~ation of the 

distribution of chemical compounds, or ~roups of biosynthetically 

r e l a t ed compounds, in series of relct ted , or supposedly related 

plants. Pcssibly in future the enzymes will be found to be 

more important for t his purpose than the l ow molecular weie;ht 

secondary compounds. However , with our jrowin;~ kno",led:!;e of 

the structure of natural products and the ir occurrence in 

plants the potentialities of "chemotaxonomy" are now becomiw; 

increasin~ly obvious. 

Many substances such as amino acids , fatty ac ids and su~ars 

occur in ul most a ll pl&nts and are therefore of little or no 

taxonomic interest ( ERDT~ffiN (61)) . Similarly, compounds found 

only in a sin~le species are a lso taxonomically useless if not 

biosynthetically re l ated t o plant constituents of intermediate 

distribution. It is amon3 the l at t e r substances t ha t we 

may expect to find compounds of the hi~hest t a x onomic va lue. 

Chemotaxonomic studies should include studies of a ll the 

va rious parts of plants such as bark , wood, leaves , roots , 

cuticles and sceds . In Chapte r 9 this has been dene for the 

flowers, seeds and fruits of the species A.arbor escens, A.fercx, 

A.speciosa and A.africana , but the 31ycanthr ones have invariabl y 

been found in the leaf sap and occas iona lly only in the leaf 

(e.3. A. striatula var caesia. ) 
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Finally ERDTMAN (61 ) says that it is always dan;erous t o 

draH t axonomic conclusions from the occurrence or non ­

occurrence of a sin-sle compound f r om a sin 'Sl e part of a plant . 

Consequently in this work attention has been paid not only 

to t he ,,;l ycanthrones, but also t o the resinous bodies occurrin-s 

in the various Aloe species . However, the slycosides ( in 

which ?;roup can be included the C- sl ycosyl compounds , or 

q;lyca nthrones ) have taxonomic importance . Accordin, t o 

HEGNAUER (100 ) from the t axonomic point of view ~lyc osides 

appear to be intere stin~ a t the l evel of the species or variety, 

and one can distin'Suish "chemical" races in this manner. In 

this work t axonomy of the species of Aloes is under consideration. 

1. 5 . 3 TAXONOlvIY OF ALOE SPECIES. 

An interestin~ a spect of chemical taxonomy is to see if 

corre l ation exists between this method and classification 

accordih~ to botanical feature s . 

In his classificatiDn REYNOLDS (176 ) says of the s ection 

Pachydendron Haw . that of the species comprisinJ; it, "two 

species, A. '.-;lobuli ,!;emma and A . an '!;elica fit f a r from comfortably 

in this section. " 

Of the thirteen species t hat comprise this section, al l 

have been examined (VAN OUDTSHOORN (227 ) ; McCARTHY & PRICE (147 ) ; 

BRUCE (44 ) and onl y two do not contain ~loin , name l y 

A .. ,;lobuli 'semm~ which cont ains no q;lycclnthrones , .md 11 .am;elica 
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REYNOLDS' observation (176 ) . 
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The finding is in a ,'Sreement with 

In this work it h~s been possible t o study several Aloe 

spec i es which f~ll into subdivisi ons named by REYNOLDS . 

Perhaps the most strikin~ of these is the Series Latebractea t ae , 

of the Section Eualoe Subsection Grandes. This comprises 

A. cryptopoda , A. wicl(ensii , A. wickensii var lutea, and A . lutescens . 

Not only do these f our cont ain homonata l oin (McCARTHY & PRICE 

(1 48 )) but it will be shown in this '"Tork that they have almost 

identical res i n distribut ion and have a compound (resin ) yield­

in1 a rose - pink col our with nitrous acid, which reaction is not 

~iven by the other species . It is interestin~ t o note tha t 

A. speciosa, v.hich differs in botanical appearance , but is al s o 

of the section Eua l oe , has almost ident ical resin di stribution 

and reaction, a nd contains homonatal aoi n. As it f orms the only 

member of the Serie s Princi pc, les, SublSection Magnae, it is 

wondered if , on a basis of chemical taxonomy, it should n ot 

be classified with the former ;roup. 

Another ;roup which on chemical ,;rounds a '; ree with REYNOLDS' 

cl assification a r e the three species comprisin~ the Series 

Panicula tae of the Section Eual oe , Subsection Humil es , these 

bein1 A.stri&ta, A. ka r a sbeq;ensis, and A.reynoldsii. These 

three , although containing neither a l oin nor homonataloin, 

have simil ar chromatogr a phic appearance , and a yellow spot 

between Rf 0 . 8 - 0.9 in chl oroform : ethanol (3 :1) . 
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In similar manner VAN OUDTSHOORN (227 ) has described aloin 

in the four species comprising the Series Arborescentes, Section 

Eualoe, Subsection Magnae . In the work presented here a l oin 

has been found in A.arborescens and A.vanbalenii of that series, 

but not in A.pluridens , while in A.mutabilis, homonataloin and 

not a l oin was found. With resard to the latter, VAN OUDTSHOORN 

(227) has shown cl early that two distinct chemical races exist 

with r egard to A.marl othii, one containin~ a l oin and the other 

homonatal oin. In this work, in both A.pe~lerae and 

A.mutabilis from the Easte r n Cape homonataloin has been found, 

whereas working on Transvaal plants, VAN OUDTSHOORN (227 ) found 

aloin in these species. It thus seems probable that chemical 

races exist for s everal species, possibly dependin~ upon 

l ocale, as was the finding with A.marlothii. 

Another group compl ying with REYNOLDS ' classification is 

the Section An'juialoe, four of the five species of which could 

be obtained, and cont ained aloin, namely A.vryheidensis, 

A.sessiliflora, A.dolomitica, and A.castanea. A further 

striking example of more than one component contributing t o the 

t axonomic pic t ure is found with the Series Mitriformes, of the 

Section Eual oe , Subsection Grandes. Of the four species com-

prising this Series, A.arenicol a could not be obtained, but the 

remainder (A.mitriformis, A.distans and A.comptonii ) not only 

contain homonataloin, but also a resin spot adjoining the 

homonataloin, which gave rise to the peaks appearing in 
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fi,ure 5{iv) . This r esin spot colours ochre with nitrous acid. 

Insufficient species have been obtained t o classify further 

~roups, but where a few species from a Series have been obt a ined, 

it has been seen that no close chemical r elations hip exist s 

between sroups havin~ s ome botanical similarities . Thus for 

the Series Prolongatae of the Section Eualoe, Subsection Grandes, 

examination of four of the seven species obtained reveal ed aloin 

in one, (A .striatula var caesia) , homonataloin in one (A.pearsonii) 

and neither glycanthrone in the other two (A . tenuior and 

A.gracilis ) . Despite these, chemical taxonomy can be usefully 

applied t o the Aloe species. 
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CHAPTER 2. 

ANTHRACENE DRUGS OF r·:EDICINAL U'lPORTANCE . 

2.1 INTRODUCTION, 

The m~in dru~s of importance as medicina l pur~atives are 

cascara (Rhamnus purshi~na ) , rhubarb (Rheum species), senna 

(Cassia species ) , and aloes (Aloe species ) , althou~h fran~ul::c 

bark (cortex Rhamnus fran~ula ) is also used . On account of the 

lar~e volume of work that has been done on these ~roups, it is 

proposed to deal with each one in somewhdt f urther det ail. 

2.2 CASCARA (Rhamnus pursniana ) . 

I'jork on cascara has been on comparatively recent ori~in , 

numely, within the l ast t':ro decades. In 1948 SCHINDLER & 

SEEBECK (18? ) isol~ted emodin oxanthrone ~lycoside from cascara 

bark , while in 1951 LEE & BERGER (126 ) isolated an ac tive sub­

st~nce named 'casanthrancl" . In 1958 BETTS , FAIRBAIRN & 

MITAL (18 ) used paper chrcmato~raphy to show the presence of 

three anthraquinone;lycosides which they call ed Compounds A, B 

and C . Since Compound A required hydrolysis with ferric 

chloride this compound was shown to be a C- ;lycosyl derivative , 

while CompounooB & C were split by normal acid hydrolysis and 

He re thus O - ~lycosyl compounds. In 1959 BAUMGARTNER & LEUPIN (9 ) 

showed by means of paper chromatography that a loin was present 
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both in Rhamnus purchiana and Rhamnus frangula. The yellow 

f luorescence due to the aloin had been erroneously reported by 

STEINER (208 ) to be the flavanol .::;lycoside xanthorhamnin. 

Later, in 1961 , BAUMGARTNER & LEU PIN (10 ) were ab l e to isolate 

from casca r a bark Il-deoxy-aloin (10- s l ucosyl -l ,8- dihydroxy­

methyl anthrone ). 

In the interim FAIRBAIillj & MITAL (69 ) isolated an aloin-

like substance from cascara bark . This compound hdd similar 

spectral peaks to a l oin .:.nd was d C- .::;lycosyl compound, but 

differed from aloin in bein:; both sweet and more water soluble 

than a l oin. Furthermore, ferric chloride oxidati on l ed t o the 

production of both a l oe - emodin and chrysophanol. 

The aloin-like substilnce from cascara bark ,laS studied 

further, and by 1960 FAIRBAI~ & SIMIC (71 ) had resolved this 

compound into four a llied anthraquinone derivatives, usins 

count er- current extraction and paper chromatosraphy. 

Initially only two of these compounds could be isolated and 

purified , and these were named Cascaroside A & Cascaroside B. 

At that sta<;e the remainin:; two compounds were found to be deri­

vatives of chrysophanol and not of a l oe - emodin as is a loin, 

and the name chrysaloin was sU:i;sested for these compounds. 

To datE FAIRBAIRN & co - workers have obtained evidence of 

some twelve 7,lycosidic anthracene de r ivatives. At least six 

are aloin-like (or C - ~lycosides ) while the remainder are 
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O - ~lycosides. Two of the C- 31ycosides are barbaloin and 

deoxybarbaloin (which they have named chrysaloin because of 

its close r elationship to chrysophanol ) . The r.ena inin g; four 

C- glycosi des are ba sed on these compounds and the f ollowin3 is 

a tentative scheme showin3 their interrelationships: -

Cascaros ide A is ba sed en (+ )-barbaloin and 

Cascaroside B on (-)-barbaloin with the optical isomerism 

ba sed on CIO; otherwise they are identical (FAIRBAIRN, 

FRIEDMAN & SIMIC (72 ). 

Each contains one glucose molecule attached by a norma l 

31ycosidic link and a s e cond component whose molecular ."eight is 

less than that of glucose , but whose structure and point of 

attachment have not yet been ascertained. Their work also 

su~gests that Cascaros ides C & D have a similar basic structure , 

It is interestin3 to note tha t these C2scarosides, beins primary 

gl ycosides of barbaloin and chrysal oin , are both 0- and C-

'~lycos ides. The rerr;a inin.s f our t o six compounds are normal 

O -~lycosides , based mainly on emodin. 

Thus cascara contains t 'w types of anthracene compounds, 

(i) normal 31ycosides (based mainly on emodin ), representin3 

10-20% of the t e tal anthracene gl ycosides, and (i i) aloin­

like compounds r epr esentin,3 the remainin:; 80- 90% of the t otal. 



2.3 RHAMNUS FRANGULA. 

This dru'?; ho.s not been a s thorou"hly examined as has c<lscara, 

and most of the vlOrk ha s been confined to the bark . However, 

BEZANGER- BEAUQUESNE (20 ) has examined the leaves of Rhamnus 

frangula and f ound that reduced anthraquinone f orms are pract i­

call y a bsent from the leaves, m<linl y free aglycones and 

anthra~lycosides bein~ found , but t o a consider ably lower 

extent than in the bark. 

In 1963 SIEPER , LONGO & KORT (198 ) obtained the following 

a s a methano l ic extract of frangul a ba r k , name l y glucofran~ulin , 

fran~ul i~, fran ~ulin-monoside , emodin, physcion and chrysophanol . 

" MUHLEMANN & SCHJVIID (160 ) have isol ated the reduced form of 

~lucofran~ulin, namely ~luc ofran~ulin anthranol dnd its di -

anthranol, glucofrangulin dehydroanthranol. FAIRBAIRN & LOU 

(66 ) showed onl y free emodin , chrysophanol and small ~mounts of 

emodin methyl ether , (partly present as ~lycosides ) to be in 

the bark , and FAIRBAIRN (66 ) has found no C - ~lycosyl derivatives 

in fran~ula , whe reas BAUMGARTNER & LEU PIN (9 ) have found aloin 

in Rhamnus fran,ul a . 

2 . 4 RHUBARB . 

The study of Rheum pa lmatum and associated species has 

been complicated both by the l arge va r iety of anthracene 

derivatives present in the plant, a s also other constitutent s 
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such as tannin, wh ich a r e known t o interfere with the bio-

assay (FAIRBAIRN & LOU (66 )) . 

The followin '~ basic anthraquinones have been demonstrated 

by FAIRBAIRN & LOU (66 ), name l y , chrysophanol, a l oe - emodin , 

rhein , emodin and emodin monomethyl ethe r . Their early work 

su~~e sted tha t the main dct ive frac tions were ; lycoside s of 

rhein anthr ones. BELLAART (12 ) l citer isol a t ed three quinone 

" q;lycosides from Chinese rhubClrb , while HORHAMJI'IER et alia (112 ) 

isol a t ed a lar ~e number of compounds from Rheum pdlmatum by 

the useful device of column chromatosraphy on a pol yamide 

(Perlon ) column, which has the property of bindin.:; tannins, 

whic h norma l l y int erf e r e with cr:'stallisation. The fo l l owing 

were obtained , namel y rhein -mono:;lycos i de , aloe -emodin-d i ~ly-

coside, chrysopha nol - d i :;l ycoside, rhein, a l oe - emodin mono;ly-

coside, a mixture of chrysophanol ~lycoside and rheum-emodin ; ly-

coside, and finCllly a mi xture of chrysophanol , rheum- emodin, 

aloe - emodin and physcion. 

This serves to i llustra t e the diversity of anthra cene 

derivative s occurriw-; in rhuba rb, but is by no means the 

complete picture. " In 1963 WAGNER , HORHAMMER AND FARKASS (235 ) 

isol a ted :senuine anthraquinone o; l ycos ides from the root of 

Rheum palmatum va r t anc;ut. In addit i on t o known :;l ycosides 

the followin~ di;lucosides Ilere identified : chrysophanol - di -

~luco side , aloe -emodin -di~lucoside and rhein- diglucoside. 
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Much work on rhubarb hets been done by LEMLI & co- workers. 

Thus LEMLI, DEQUEKER & CUVEELE (1 28 ) utilised paper chromato ­

~raphy t o isolate four dianthrones of rhubarb, at the same 

time describins an interestin~ col our reaction with formamide , 

(which is described further in section 3.6.4.3. ). They used 

paper saturated with 2% formamide in acetone as stationary 

phase and found on sprayins with alcoholic KOH and heatin~ for 

5 minutes at lOOoC as aftertreatment tha t purple colours were 

~iven by anthrones and dianthrones and a red col our by anthraqui -

nones. They used this reaction of formamide with alkal i as 

a basis for determinins the nature of several anthracene deri ­

vatives. 

The y later (129) isol ated a dianthrone of rhein by pre ­

parative paper chromato~raphy , the ultra- viol et spectrum of 

which was identical t o that of sennidine A & B. Oxidati on with 

ferric chloride produced rhein. 

Further to this (130 ) they isolated a new dianthrone which 

they called rheidine A, which is a heterodianthrone composed 

of one molecule of emodin anthrone and one molecule of rhein 

anthrone. The dianthrone rheidine A was prepared by heatin ~ 

e quimolecul~r mixtures of emodin anthrone and rhein anthrone 

with twice the amount of ferric chloride in;;lacia l acetic acid. 

The synthesised compound had an ultra-violet spectrum a lmost 

identical with that of the isolated compound. Soon after (134 ), 

they demonstrated the presence of rheidine A in senna leav e s . 
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Later (135), they were successful in isolatin; t wo further 

heterodianthrones from the fresh r oots of Rheum palmatum, 

namely rheidine Band rheidine C. The former consists of 

r,he in anthrone and chrysopha nol anthrone , and the latter of 

rhein anthrone and physcion a nthrone . Thus to~ether with 

rheidine A and sennidine C, four heterodianthrones have been 

obtained from rhubarb by these workers . A compound not fre -

quently mentioned is raponticine, a ne,,; assay method f or which 

has been devised by HENNEBERG & HORAK (102 ) . Raponticine is 

separated by pa per chrom3.tos raphy, eluted with a lkali and a 

colour complex formed '.lith potassium ferricyanide which can be 

mea sured a~ainst a standard . 

Japa nese workers h3.ve a l so contributed t o the work on rhu-

ba rb . They (147) isol ated rhein from Rheum coreanum Nokai, 

and it is interestin~ t o note that they dispute certain findings 

" by HORHAMMER (105 ), wh o thought that rhein was di - rhein. 

" HORHAMMER c ame t o this conclusion be cause a methanolic solution 

of rhein treated with hydrochloric a cid was transformed t o 

a compound which , " ith a lkdli cmd air , r ef ormed rhein. From 

" this HORHAMMER concluded that the substance was di - rhein, and 

t hat the substance obta i ne d by reaction of acid was mono-rhein . 

On r e peat inc; the process , the J apanese workers obtained two 

" compounds on acidification , which accordin~ to HORHAMMER should 

have been mono - rhein and it s anthranol, both of which a re s olublein 
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bi - carbondte sol ution due to the presence of a carboxyl 

~roup in each . However, only one compound could be dissol ved 

by the Japanese , who showed the insol ubl e substance to be 

rhein methylest.er . The form~tion of the latter is due to the 

fact that methyl a tion occurs readily with hydrochloric acid 

and methanol . 

2 . 5 SENNA. 

'.lith senna, both the leaf and pod of Cassia acutifolia and 

C.an~ustifoli~ , in the main, contain i mport ant anthracene deri -

vatives. Since TUTIN (223 ) f i rst isolated aloe - emodin and 

rhein from senna , much pro :~ress has been made. STOLL , 

KUSMAUL & BECKER (209 ) made a very important advance when 

t hey isol ated t~vo active~lycosides from senna , name l y 

sennosides A ft. B, which are optical isomers, and which are 

excellent non- ~ripini purgative principl es. They found t hat 

both these compounds had a composition C21 H20 010 with one 

mol ecule of glucose combined with the anthracene grouping. 

On oxidation the ':l 's l ycone gave rhein. Seven years l ater 

they l:ere able to isolate these compo unds in far purer condit ion 

by extracting the dru,; with ch l oroform- ethanol to remove impuri -

ties, fo l lowed by methanol containin~ oxalic acid. STOLL, 

BECKER &. HELFENSTEIN (210 ) in 1950 showed that sennosides A & B 

had the molecular f ormula C42H3S020 ' 
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In 1951 FAIRBAI RN & SALEH (61) showe d the presence of a 

third active ~lycoside in senna, which when present in suffi­

cient quant ity has a marked syner'Sistic effect on the activity 

of the s ennosides A & B. Since the leaf conta ins more of this 

constituent than the pod, it expl ains why the leaf, though 

containing a smaller proportion of sennosides A & B than the 

pod, never~,heless has a ~reat er biolo,!:ical activity. 

In 1958 FAIRBAIRN, FRIEDMAN & RYAN (68) isolated a pri­

mary glycos ide which on mild hydrolysis broke down t o one 

molecule of sennoside and two molecules of slucose. In 1961 

CRELLIN et alia ( 53 ) isolated five anthracene ~lycosides from 

senna. One of these rhe in-9-~luc oside, isolated from the pod , 

appeared t o be similar t o the compound described earlier that 

year by VICKERS (207) . Accordin'S to the latter, the compound, 

which could account f or 10-20% of the senncside cont ent, was 

non-pursative . The other glycosides isolated by CRELLIN et 

a lia (53) were rhein-8- di,,!:lucoside, rhein-anthrone-8-g1ucoside , 

and a primary gl ycos ide of unknown structure, but of molecula r 

weight 2000. This compound is more active than either t he 

sennosides or the unknown compound of molecula r weight 1164 

isol ated in 1958 by FAIRBAIRN et alia (68 ) . 

Reverting to rhein-anthrone-8-g1ucoside, STOLL, BECKER & 

HELFENSTEIN (210) were able to break this compound down to 

the s ennosides, and finally to rhein. 
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The work discussed has mainly been on senna pod. From 

senna leaf, CRELLIN et alia (53) isolated aloe emodin glycoside 

and report that there is good evidence for the presence of an 

aloe-emodin anthranol glycoside. LEMLI (131) in 1962 isolated 

a new c8mpound, the aglycone sennidine C, from both the leaf 

and pod of senna. This compound was shown to be the dianthrone 

of aloe-emodin and rhein (LEMLI (131)) . In 1964 LEMLI, 

DEQUEKER & CUVEELE (133) isolated the following compounds 

from senna leaves, namely emodin, aloe-emodin, aloe-emodin 

dianthrone, rheidine A, sennidine C, rhein and s ennidine A & B. 

Adding to the complexity of compounds found in senna, 

KHORANA & SANGHAVI (120) have isolated two new glycosides from 

C.angustifolia pods, these being glucosides of rhein and 

chrysophanol. These have a synergistic action on the senno­

sides, a mixture of both being biologically more active than 

either group. The possibility of traces of aloe-emodin and 

emodin gluc oside are reported. 

From a plant related to senna, namely Adiperi (Cassia ) 

,;aknii, fo·md in the Andes of Venezuela , SEELKOPF & TERAN (190 ) 

report the finding of glycosides which are not sennosides. 

The total anthraquinone content of the leaf, flowers, pods 

and seeds was 0 . 9, 0.94, 0.87 and 2. 06% respectively, showing 

the wide distribution in the plant . 



36. 

2.6 ALOES. 

The anthracene derivatives of aloes appear to be far 

fewer and far less complex in nature than those of the preceding 

drugs. In fact, althoujh much literature has appeared On aloes, 

it has been confined mainly to aloin , and to non - anthraqui ­

nones like p- coumaric acid and the resins. It is only in 

recent years that homonataloin and aloinosides have been dis ­

covered, and have opened up a new field of research . 

The literature on the structure of aloin has been vast 

and confused. It is not the intention to discuss the structure 

of aloin further here, as several reviews have appeared on 

this subject. The later and more accurate work on the 

structure of aloin is reviewed in Chapter 4. 

The anthracene derivatives found in aloes consist of aloin, 

isobarbaloin, aloinosides, homonataloin, chrysophanol, aloe ­

emodin and beta - barbaloin . With the exception of the l atter 

which is absent from unboiled juices, the remainder have 

been dealt with in the ensuinl!; chapters, tOCJ,;ether ·lith the 

literature available on each compound, and to avoid repetition , 

these will not be treated here . 

Work on aloes has been confined almost excl usively to 

commer~ial aloes (lump aloes) from the al(~ - producin~ parts 

of the world such as the Cape, Natal, East Africa, India and 

the West Indies . In South Africa we are fortunate in having 



37. 

some one hundred and thirty A}_oe species (REYNOLDS (176 )), 

and work in recent years has been rather on the distribution 

of aloin-like compounds than on discovering new compounds . 

(VAN OUDTSHOORN & GERRITSMA (226), McCARTHY & PRICE (147). 

It is hoped that the work presented here will contribute to 

the expansion of knowl edge regarding both anthracene and non­

anthracene derivatives in Al oe species. 

Despite the relative paucity of work that has been per­

formed on the anthracene derivatives of a l oes , a surprising amount 

of work has been done on the biological and certain phytochemical 

aspec t s of Aloe species . 

here . 

.0:.2-'.:. 6"-.o,-=,1=----=:.BIOLOG ICAL ,'fORK . 

Consequently , that work is reviewed 

For years the native tribes of Southern Africa have used 

a loes or extracts thereof for a variety of purposes ranging from 

a bortifacients , disinfectents, eye disinfectants, to purgatives, 

etc. (WA TT & BREYER-BRANm'.'IJK (237)) . Much of t his usage 

has been based (not without accuracy ) on folklore, but the 

work now described is the result of scientific research. 

In a study of the ecbolic properties of Indian medicinal 

plants SAHA & co-workers (1961 (185 )) found that the leaf 

extract of A.barbadensis had oxytocic properties, 0.5 mgm of 

leaf extract being equivalent to 0.003 I nt ernational Unit of 
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oxytocin. Hypotensive activity is reported by BENBASSAT & 

co - workers (1959 (13) ), who found that aqueous and saliva 

extracts of Lig;nurn aloes 10lvered bl ood pressure in cats for 

40- 80 seconds . The effect was mainly on the blood vessels, 

although possibly a central ac tion .vas also concerned. 

Tachyphylaxis and adrenaline reversal were not observed, an d 

neither pulse rate nor respiration was affected . 

Previous to t his, in 1952 GONNARD & co- workers (93) had 

discovered that aloe extracts caused a drop in arterial 

pressure both in cats and do gs. They reported that this drop 

was not caused by histamine. 

The Russian workers KARAEV et alia (118) in 1958 reported 

that extracts of five plants, included amongst which was 

A.arborescens, markedly improved the utilisation of glucose in 

rabbits, as shown by glucose tolerance tests. They recommended 

that these preparations be tested in hurna~s havins diabetes 

mellitus. 

FILATOV & BIBER (76) found that aloe l eaves act as biogenic" 

stimuiators (i . e. causing yeast activity) due to cinnamic and 

hydroxycinnamic acids . It is postulated that these may act as 

hydrogen acceptors , and stimulate redox processes on intro­

duction into animals and man, and become hydroxycinnamic or 

hydroxycournarin derivatives. They suggest that these acids 

occur as a result of hydrolysis of glycosides, and increase in 



concentration when stored in the dark. (No such gl ycosides 

are known in aloes) . SUKHORUKOV & BOLSHAKOVA (214 ) used the 

method of yeast cell growth to measure the concentration of 

pl ant hormone in se l ected plants. They found that decrease in 

temperature from 180 to 4°C caused both free - and bound ­

hormone to increase in potted wheat, rye , and Aloe species. 

When brou~ht to _25 0 free hormone ahTaYs increased, but the 

bound hormone behaved irregularly. They found no relation 

between free hormone and amine nitrogen. 

Using FILATOV ' S technique, FREYTAG (80 ) fo und that aloe 

tissues , stored in the dark for 2- 4 days at 2- 4°C caused 

wound hormone reaction in the bean hull, that is, caused cellular 

hyperplasia , new cell formation etc. By uSing lar~e amounts of 

the tissues he was able to arrest the growth of mature cells 

of the bean mericarp. It is not yet established t hat the 

compound knmffi as "traumatic acid" is responsible for these 

reactions (although it seems l ikely for aloes ) , but clearly 

cofactors, such as glutami c acid, accelerate these reactions. 

I t has been known for some time that the l eaves of A. vera 

and A.arborescens are efficacious in X- irradiation burns 

(REYNOLDS (176 }) . It comes as no surprise then that FLAGG (77) 

reports the useful ness of the gel from A.vera leaves in suntan 

preparations. The Russians ROSTOTSKII & ALESHKINA (180 ) have 

made an a l oe emul sion consisting mainly of biu- stimulated aloe 
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l eaves , castor oil eucalyptus and emulgent for the treatment 

of skin diseases, for example, radiation injuries, kraurosis, 

d~rmat itis, ec zema , neurodermatitis, psoriasis , and herpes . 

Radiation is an important factor these days , and 

SHAMATOV & ZAPISKI (193) have shown that subcutaneous injec -

tions of aloe extracts cause a sharp rise in the absorption 

of Ca45 & p3 2 at fractured sites and throughout healthy bone, 

but no regularity in absorption trends could be observed . 

Workers of the National Cancer Institute (BELKIN & 

FITZGERALD (11)) examined 32 cathartic plants for their 

capacity to damage "sarcoma 37". Amongst the 15 havin~ 

effect were Rhamnus cathartica, Rheum officinale and Rumex 

crispus, vlhile l esser damage was caused by Aloe perryi and 

Cassia a lata . 

Aloes have a l so been of importance in the fie ld of micro -

biology. LORENZETTI et alia (142) have found that the freeze-

dried juice of A. vera, heated a t BOoC for 15 minutes, inhibited 

the followin~ bacteria, ndmely S . aureus 209, S . pyo~enes, 

C .xerose and S.paratyphi. Since the juice of aloe is known to 

contain anthraquinone - type compounds, aloe emodin, emodin and 

chrysophanol were tested for inhibition of S.aureus 209, but 

the results :lere negative. They found that none of the l eaf 

parts, but only the juice, was a positive inhibitor. 
If 

DOFF (60 ) 

however, reports that the juice of aloe leaves , or alcoholic or 
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aqueous extracts of the leaf, of aloin and a l oe - emodin al l 

show tuberculostatic activity. The most active compound 

1ras p- coumaric acid , which was effective in dilutions down 

to 1-100 , 000 in Sauton medium. Antibiotic compounds in aloes 

and in Rheum officinale (but not R.rhaponticum ) have been re ­

ported by D?AMICO (54 ) . I n an effort to find adjuvants to 

enhance the production of 7- chlorotetracycline from certain 

strains of Streptomyces aureofadens, McCORMACK (152) found 

that out of 22 compounds which were effective for the task, 

( barb )aloin was 17th on the list in descending order. 

2.6.2 PHYTOCHEMICAL \ifORK . 

BRUNO (45 ) reports that the l eaves of A. plicatilis Mill . 

are rich in l ipoids, but that lipoids are scarce in the external 

l ayers of leaves of A. cassia Salm Dyck., but sli~htly more 

abundant in the internal layers. The starch content of the 

latter plant is reported to be scarce in spring and very low 

in winter. 

In Madras aloes DAS & MI TRA (58 ) report that the stiffness 

is due to the hi~h xyl an (1 5%) and polyuronide (6% ) content, 

since its li~nin content is only 6%, and is lower than that of 

whi t e jute (C. capsularis ) . However its i;{- cellulose content is 

hi~her (65% ) as is its fat content ( 2~ ) . 

I n the Cuban a l oe KAUFMAN & LEIVA (119) report only small 
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amounts of ~arb)aloin and isobarbaloin, but the residue on 

ignition yielded 19.2% calcium, 12 .2% aluminium, 40% silicon 

oxide and a trace of iron. 

The fibre content of aloe plants has been reported by 

LINCOLN (139 ) , who states that the fibre content of leav~of 

Al oe species ~rown under shade and in full sunlight at four 

different localities showed no change. 

Saponin has been reported in A.vera leaves by WASICKY & 

HOEHNE (238). The saponin (2 . 91%) was crude, and had a very 

low haemolytic index . (In the four species studied in 

Chapter 9 onl y A.arborescens extract caused no frothing when 

shaken with water, whereas A.ferox and A.africana frothed consi ­

derably, su~gesting saponin). 

CAMPBELL & COOPER (50 ) have found a rela tively hi~h content 

of 3,4- benzopyrene in certain Aloe snuff (prepared by heat treat-

ment of Aloe stems . ) The y deduce that this is probably the 

cause of the high rate of nasal cancer (73%) in Bantu of the 

Transvaal . 

DANILOVIC & PECI- POPOVIC (55) have identified four sugars 

in the hydrolysate of Aloe, these being rhamnose, xylose , 

arabinose, and ~alactose. These , plus glucose and fructose, 

appeared also in senna, frangula, cascara and rhubarb . 

(The presence of glucose in several Aloe species is reported 

in Chapter 6. ) 
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A study of the flowers of several Aloe species by BUSCH 

& RESENDE (48 ) has revealed that as many as twelve f l avonoids 

and four carot enoids could be found in some flower extracts , 

using column chromat o .'~raphy . Among normal plants of 

A.striatula var caesia, LINSKENS (1 40 ) observed two spontaneous 

mutants havin,g flowerl ess inflorescences. Paper chromatography 

showed no difference in aqueous extracts of the normal and 

mutant plants, but methanolic fra ctions showed fluorescent 

fractions 'ilhich differed from those in the normal plants. 

Differences in absorption spectra indicated thatin the mutants 

the formation of a specific protein was blocked, resulting in 

an accumulation of nucleic acids. 

Some work has also been performed on the chromosomes of 

Aloe species . CONAGIN (51 ) treated plant tissues, includin~ 

Aloe species, with p- dichlorobenzene before f i xation , and found 

that although this caused no abnormality in the chromosomes, 

some shrinka~e was caused, which facilitated countin~ and 

separation of the chromosomes. 

Thus it will be seen that apart from the anthracene 

derivative s in Aloe species , several interesting constituents 

a re contained, including some having medical and pharmaceutical 

importance . 



44. 

2.7 STRUCTURE - ACT I VITY RELATIONSHIPS . 

Since all the ve~etable pur~atives named contain anthra-

cene derivatives, it is natural to assume that these are the 

active principles. However, attempts to correlate the 

quantity of anthracene derivatives present - as determined 

" colorimetrically by the Borntrager reaction (31 ) or one of its 

modifications (62) - with the purgative activity were nearly 

always unsuccessful (3) (65 ) (212 ) . Furthermore , pure anthra -

quinones were found to be practically inert in quantities 

correspondin~ to those present in normal doses of the drugs 

(63) (221 ) . An interestin~ attempt to explain this latter 

fact was made by LIDDEL et a lia (138 ), who showed that mixtures 

of pure anthraquinones were syner~istic. As a result of a 

comprehensive investigation FAIRBAIRN (63 ) showed that the 

anthracene derivatives v,ere hiS;hly active as anthrone (Le. 

partially reduced) glycosides; less active as free anthrones, 

and much less active as free anthraquinones. This accounted 

for the difference between results by biological and chemical 

methods, since by the latter method all forms were measured in 

terms of anthraquinone cont ent. 

For maximum activity at least two factors are important, 

firstly the presence of su~ar groups . Their function is to 

act as a transporter enablin~ the agl ycone to reach the site of 

action in the large intestine intact. In the absence of sugars 
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the majority of the a .glycones disappear durin.g metabolism and 

onl y a small amount reaches the large intestine (211) . 

According to Okada (165 ) thesl ycos i des a r e hydrolysed by enzymes 

on r eachin:" the large intestine and the liberated aglycones 

then exert their action. 

The second factor is the partial reduction of the meso ­

carbonyl .groups: thus aloe - emodi n anthrone is more effective 

than a l oe - emodin. 

A third possible factor is the presence and position of 

the phenolic groups. Work by FAIRBAI ffiJ (64 ) on synthetic and 

natur al l y occurring anthraquinones suggests (i ) that those 

with one pheno l ic group are inactive, (i i) those with two are 

act i ve and (iii) those with three a r e active provided all a re 

not 7cphenol ic ~roups . Removal or acylation of phenolic groups 

of known cathartics leads to loss of activity. 

The route of administration is important, as IPPEN (114 ) 

has shown . Thus when 1,B- dihydroxy- anthranol is absorbed 

cutaneously it is oxidised in the tissues to 1 , B- dihydroxy­

anthraquinone, the latter bein, found in the urine , but not 

the former . If, however, 1,B- dihydroxyanthraquinone is 

administered orally, the quinone is partially reduced in the 

l arge sut to the correspondin~ anthranol. FAIRBAIRN (74 ) 

has shown that mice respond to oral dosages of sennosides, but 

not to parenteral dosa;es of the same quantity. 
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2.8 . DETERMINATION OF ANTHRACENE DERIVATIVES . 

In 1959 KRAUS (125) reviewed the methods used for esti ­

mation of the anthracene derivatives in the plants mentioned 

before, citing 124 references. It is not proposed to repeat 

KRAUS'S findings, but his subdivision of methods is as follows:-

a ) gravimetric analysis, volumetric, colorimetric 

and photometric, 

b ) methods involvin~ prior purification by extraction, 

c) methods involving prior chromatographic purification, 

d ) fluorimetric, 

e ) polarographic, 

f) chromatographic (paper, thin-l ayer- dye-reagents, 

column chromatography and paper electrophoresis). 

One omission from KRAUS'S work is the method of bio-assay . 

This has been used extensively by FAIRBAIRN'S co- workers, and 

LOU (143 ) devised an assay using white mice which has been used 

successfully for senna for several years . FAIRBAIRN has 

commented on the cl ose correlation found between this method 

and chemical methods. This correlation, based on mice, has been 

shown by clinical trials to hold true for man also. These bio­

lo ~ical methods have demonstrated the important syner,~istic 

effects of anthracene compounds, a fact which could never have 

been found by chemica l assay . Commenting on the efficacy of 

the mouse assay method, BRITTAIN & co-workers (42) state that 
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althou~h the method is successful for senna preparations , 

it is not so well suited to the evaluation of other anthra -

quinone purgatives, e.~. cascara and rhubarb, and does not 

demonstrate the purgative activity of a l oin (D'ARCY et alia (57 i). 

LISTER & PRIDE (141 ) have used the rat faecal pellet 

method for the bio - assay of barbaloin, aloin and amorphous aloin , 

in which the activity of the first two over the last-named is 

clearly shown . 

Only comparatively fe'." new assay methods have been de -

scribed since KRAUS'S review in 1951 . Thus JANIAK & 

BOEHMERT (115 ) have described an assay method for aloin in 

which the samples a re passed through a Perlon column to remove 

impurities, then hea ted with 4% borax in methano l on a water -

bath . The yellow ~reen fluorescence which results obeys 

Beer's law and is stable for about an hour. The col our is 

measured at 450 m? wi th an error of ~ 0.05%. The method 

required about 30 minutes to perform. This method has recent -

" ly been criticised by BOHME & KREUTZIG (28a )( 1966 ) as not being 

specific for aloin, other constituents g iving f a lse results. 

GERRITSMA & VAN OUDTSHOORN (89) have described a prior purifi -

cation usin; thin- l aye r chromatography, and the cutting off of 

ii,he aloin spot and its elution with methanol, which is read at 

355 m)l. This method also takes some 30 minutes. A similar 

method for paper chromatography is described by 



" BOHME & KREUTZIG (2 8b ). Potentiometric titration in non-

aqueous milieu is described for hydroxy-anthraquinones 

(partially free, partially a s glycosides ) by RUGGIERI (181) . 

Pyridine is used as the base and the titrant is O. lN sodium 

methoxide standardised with pure 1,8-dihydroxyanthraquinone and 

" expressed as emodin, while MOHRLE (156) has used a colorimetric 

method involving sodium periodate and ammonia, the resulting red 

coloured solution being examined at 505 ~u. Finally, the 

Chinese workers WANG et alia (236) have described a method of 

determining anthraquinones in Rheum palma tum, Cassia tora and 

Polygonum multiflorum, involving soxhlet extraction, purification 

with solvents and the r eading at 490 m? of the alkali-coloured 

solution, which is compared to a standard graph obtained with 

1,8-dihYdroxyanthraquinone. For total anthraquinones a prior 

hydrolysis vii th 5N sulphuric acid is used . 
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CHAPTER 3. 

EXPERIMENTAL METHODS . 

3.1.1 INTRODUCTION . 

In this work the main analytical methods involved have 

been chromatographic, spectrophotometric and volumetric . 

For Qualitative work, use has been made of the first two 

methods, aided, in the case of chromatography, by ancillary 

identifications of a chemical nature, particularly spray 

reagents. 

For Quantitative work, use has been made of all three 

analytical methods, although chromatography has been used only 

for separation of constituents prior to quantitative estima ­

tion of glycanthrones. 

The volumetric method of analysis has been of the simple 

acid/base nature and requires no further elucidation, but it is 

proposed to deal more fully with chromatographic and spectro­

photometric methods, as also the use of spray reagents and 

chemical tests performed on Aloe juices. 

3.1. 2 CHROMATOGRAPHIC METHODS. 

Paper chromatography . 

Having been discovered several years prior to thin-layer 

chromatography, this analytical tool was widely used for earlier 
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research work, including research on plants containing anthra -

quinone derivatives. Its greatest asset is the fact that, 

provided experimental methods are identical, exactly the same 

Rf val ues will be obtained by a series of workers. However, 

the identica l ana lytical criteria are critica l and i nc lude :-

(i ) identical chromato:?;raphic pape r 

(ii ) i dentical (controlled ) temperatures 

(iii ) identical sol vents 

(i v ) identica l satura tion of pa per . 

Despite this, variation in result s can still occur due either 

t o use of excess starting constituents , or due t o chemica l 

attraction (bonding forc es ) between a number of constituents. 

Thus frequent l y the Rf of a component run sing ly differs fr om 

the Rf of that substance run as a mixture with other components. 

The disadvantages are important , namely, that paper chroma ­

tography is time -c onsuming in relation t o the newer thin-layer 

method ; that the spots a r e not as discreet a s in thin-layer 

chromato f~raphy, and tend t o merge; that thes e spots are not a s 

r eadily eluted as those from thin- l aye r chromatograms, and 

fina l ly, but most important, paper chromatogr ams a r e not r esistaut 

to corrosive chemicals like sulphuric acid, bromine etc., and 

consequently identification in situ cannot readi l y be performed. 
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3.1. 3 THIN - LAYER CHROMATOGRAPHY (T.L.C . ) 

Several of the advanta~es of thin-layer chromato,?;raphy 

have been mentioned in the precedin.:; section. The speed and 

relat i ve robustness of the method have made it an extremely 

popula r and useful analytical tool, and althou~h thin- layer 

chromatograms cannot , l ike paper chromatogr ams, be kept as a 

permanent record, this fault has been l arge l y overcome by the 

use of photo~raphic methods for record purposes , as also tracing 

of reveal ed constituents. Recently a spray has been introduced 

which seals the chromatogram , which may then be kept indefinitel y . 

The colour photo graphy of fluorescent zones on chromatograms 

has been described in a paper by ROS I LLO (179 ) . The actual 

colour produced by components is often hard to describe by 

different workers , in particular, colour shades such as mauves, 

viol ets, greys etc. Colour photography is the sol ution to 

this problem (Fluorescent colour photography has been utili sed 

in Chapter 5 ) . To obtain the Rf values, ROSI LLO projected his 

colour transparency onto a screen divided by 11 equidistant 

horizontal bl ack l ines. The projector was adjusted so that 

the origin and solvent front were superimposed on the first and 

l ast lines respectively , whereupon the Rf value of each spot 

could then be read directly. 
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3.1. 4 REPRODUCIBILITY OF Rf VALUES . 

One of the major disadvantages of thin - l aye r chromatography 

is that Rf values of substances are not reproducibl e. Further-­

more, different samples of the same compound sometimes show 

s l i ght ly different behaviour even on the same l ayer . These 

difficulties are more common in adsorption thin- layer chroma ­

tography and are probably traceable to the complexity of 

surface adsorption or to the fact that no two l aboratories 

prepare l ayers in exactly the same manner. An excellent 

review on the subject has been g iven by BOBBIT (26 ) . 

FACTORS INFLUENCING Rf VALUES. 

The main factors influencing the reproducibility of Rf 

val ues are: 

(i ) Nature of the adsorbent . 

(ii) Developing system. 

(iii ) Nature and amount of applied sampl e . 

(iv ) Saturation of the chamber. 

(v ) Temperature. 

3.1.5 .1 Nature of the adsorbent . 

BRENNER et alia (34 ) have stated that amon3st the principal 

factors involved in the movement of solutes are the quality of 

the adsorbent, the degree of activity of the l ayer, and the 
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thickness of the l ayer. The se workers have noted an appre -

ciabl e difference between bat ches of Silica gel G. Further -

more , it should be remembered that an activated layer becomes 

less active after exposure to a moist atmosphere for appre -

ciable times. The use of standard , commercial adsorbents with 

a layer thickness over 0.15 mm and consistent drying times will 

help to reduce variations , however. STAHL (204) cl aims that 

there is little diff.orence in Rf value if the layer i s spread 

at a thickness between 200 p and 300 p (0. 2- 0 . 3 mm ) , and 250 p 

is recommended for analytical Hork. However , in order to pro-

duce a l ayer of wet thickness 250p, the operator has to avoid 

having the slurry too thick ~ too thin , and must not move the 

applicator too quickly or too slowl y, since all these factors 

can produce variation in layer thickness . MEINHARD AND HALL (195) 

go further and state that variations can be caused by:-

( i ) time taken to prepare the slurry 

(ii ) time taken for dr ying and activating plate 

( iii) the temperature used for (ii ) 

(iv ) storage conditions of prepared plates 

(v ) age of plates at time of use. 

3.1.5.2 Developin% syst ems. 

The nature of the developing system is a prime facto r, and 

use must be made of reagent grade solvents , which should be 

made fresh t o avoid esteri fication or other possible interaction. 



54. 

This i "s especially true when very volatile components such as 

ether or pentane are being used , ,,,hile the mere openinc; of a 

chamber containing such a volatile solvent in a mixture can 

change the concentration appreciabl y. Sol vent "demixing" is 

also an important factor , producing several "fronts" 

(SHELLARD (195 )) . 

3.1.5.3 Nature and amount of applied sample. 

The nature of the sample, that is , the properties of its 

components, is the third major factor in the determination of 

Rf values , and is not controllable. The amount of substance 

applied at the starting point will affect both the shape and 

position of the spot , the actual difference depending upon 

the shape of the adsorption isotherm, because the amount of 

substance absorbed per mg of adsorbent will vary wit h the 

concentration of the substance according t o the nature of the 

substance itself. With substances having a convex adsorpt ion 

isotherm the front of the spot will move faster than the back, 

so that the spot will be more elongated as concent ration 

increases , .. lith corresponding change s in Rf val ue. Furthermore 

the reversal of the relative position of two substances has been 

observed whe n the l oad has been substantially increased . 

Furthermore, the Rf of a given substance may not be 

exactly the same in a mixture as it i s in the pure state 
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(PASTUKA (168)) . According to SHELLARD (195) interaction 

could occur between two substances, either in the solvent or 

on the surface of the adsorbent; if in the solvent the adsorption 

would be l ess, with increased Rf value, while if on the surface 

the opposite effect would occur. 

3.1.5.4 Saturation of the chamber. 

Care should be taken to saturate the chamber before use, 

and this is normally accomplished by partially lining the 

walls with filter paper which dips into the solvent, and when 

possibl e , by shaking the chamber before introduction of the 

chromatogram. This saturation ( called oversaturation by 

STAHL) will speed up development by one-third, will give l ower , 

more consistent Rf values, and will produce straighter solvent 

fronts and rounde r spots. In this manner "edge effects" can 

also be eliminated, since these are a source of large e rrors. 

3.1.5.5 Temperature . 

Although MULLER, HONERLAGEN & HARTHORN (see (195 1) consider 

the Rf value to be strongly dependent on temperature, this is 

not a vlidely held view. SHELLARD (195) has found slight 

variations wi th temperature, especially with mixed solvent 

systems. 
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3.2 .1 RECENT ADVANCES IN T.L . C. 

A most important advance in the T.L . C. field is the use of 

this method for quantitative separation of constituents , by 

what is known as preparative chromato~raphy , and this method 

i s slowly superseding column chromatoq;raphy for that function. 

HALPAAP (95) states that the use of a two - dimensional surface 

to effec t a seq;regation offers considerabl e advant ages over the 

three - dimensional system of col umn chromatography as a manufactur-

ing method . Initial amounts of up to 100 g of mixtures can 

be effectively and a l most quantitative l y separated to afford 

isolation of substances showing hish purity after onl y one re ­

crystallisation. 

STAHL (204 ), developing this technique , investigated the 

optimum layer thickness for this process, using layer- thicknesses 

from 20- 2,000)1. The best .reparations were achieved Ivith small 

samples and layer- thicknesses in the range 150- 500 r. Above 

750 p the separations deteriorated with increasing sampl e size. 

Layer thicknesses of 1,500 p and more may be used only for 

substances Which show a marked difference in their Rf values 

on normal chromatograms . The means of appl ication of sample 

was in the form of a spray, although traversing pipettes are 

also popular for quantitative work. 

Further advances by STAHL (205 ) include an apparatus for 

providing gradient layers of T.L .c. In this manner it is 
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to obtain ~radient mixtures of, for example, basic to acidic 

alumina, pH gradient layers for specific profile study, and 

for development in the direction of the gradient layers in 

mixtures of kieselguhr and silica ~el. 

Low-temperature T.L.C . using refrigerant ~ases (e.g. 

monofluorodichloromethane) has also been devised by STAHL 

and co-workers (205 ) . In several instances he and his 

col l easues have succeeded in achieving a clean separation of 

complex mixtures by using low temperatures. This method could 

be applied with advanta~e to the separation of very unstable 

substances. 

Furthermore, in co- operation with Zeiss, an instrument for 

obtaining directly the ultra - viol et absorption spectrum of 

chromatographed material by reflectance technique has been 

deve loped. 

KABARA et alia (116 ) have used finely etched (sandblasted ) 

plates in preference to cl ear-gl ass plates for T.L oC. They 

claim that the surface is more adhesive, a binder need not be 

included with the adsorbent, and that Rf values are slishtly 

increased. 

3.2.2 UTILITY OF THIN-LAYER CHROMATOGRAPHY. 

The wide - spread usefulness of thin-layer chromatography 

has been shown in recent reviews by TEIJGELER (215 ) & (216), 
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who enumerates over fifty analytical fields from a l kaloids 

to vitamins , citing 375 references. 

3 .2. 3 GAS CHROMATOGRAPHY. 

It is interesting to record that FURAYA {82 } has recent l y 

separated emodin ~lucoside and several glycosides by gas 

chromatography. Further to this, FURAYA et alia {83 } {1966 } 

have succeeded in separating 26 anthraquinones , either free or 

as trimethylsilyl ethers, and includins the anthraquinones of 

rhubarb. 

3.3·1 OWN WORK. 

For thin-layer chromato~raphy of Aloe species the following 

adsorbent bases were tried , name l y, kiesel~uhr, a l umina , cellu­

l ose and silica gel G. The latter was by far the most satis ­

factory, although for hi~h molecular weight substances {anti ­

bi otics } BRODASKY {43 } says that the ~reatest reproducibi l ity 

is found with paper and cellul ose. 

In view of what has been said concernin.~ reproducibility 

of Rf va l ues in the foregoing pages, Rf val ues are rarely 

quoted in this work. Where a reference substance has been 

availabl e, the Rf values of substances relative to this have 

been quoted , e.g . as for the resinous bodies. Where no known 

substance has appeared on the chromatogram, then Rf values are 
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tentatively reported as an indication of the zone where the 

unknown compound exists. 

It has further been found that another factor influencing 

Rf values has been the time taken to spot many samples on to a 

freshly activated plate as compared to few samples on a smaller 

plate. Rf values are only quoted for machine-spread plates, 

since PATAKI & KELEMEN (169 ) have shown that the layer thickness 

of hand-spread plates, (and consequently Rf values) is unreliable. 

3 . 3 .2 PREPARATION OF PLATES. 

Silica gel G (Merck ) (3 parts) was mixed with distilled 

water (6 parts) and spread on plates 20 em x 20 cm , a l ayer 

thickness of 250 p being employed . Use was made of either a 

DeSaga or Pleuger spreader . Also, plates 12!cm x 9cm were used 

for routine scanning of samples, for testing spray reagents, etc. 

These were made by spreading with a simple spreading device 

having raised sides. 

All plates were activated before use by heating at 105 0 C 

for 30 minutes, and were used immediately aft er cooling , wherever 

possible. SHELLARD (195 ) states that Rf variations can occur 

due to direction of thin-layer chromatography, namely ascending, 

horizontal or descending, and consequently advises that the 

direction of chromatography be reported along with findings. 

Ascending thin-layer chromatography was used for all thin-layer 

chr omatograms in this work. 
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3.3.3 SOLVENTS USED FOR CHROMATOGRAPHY. 

A lar~e number of solvent systems have been used for 

chromatography of anthraquinone derivatives by both pa per and 

thin-layer chromatography. 

described in table 3 (i ) . 

Some of these solvent systems are 



Table 3(jJ. CHRG1ATCGRAPHIC SOLVENTS. 

Solvent c omposition. Method . Used Eor. Authors . 

1. 
benzene 3 T. L.C . anthraquinones in POETHKE, 

ethyl acetate 1 Oreoherzogia Ea llax (Boiss) BEHRENDT & MATSCHKE (171) 

dichloromethane 10 T.L.C. anthraquinones in SIEPER, LONGO & KORT 
2 . (198) 

methanol 3 Er angula bark 

3. 
dichloromethane 10 T. L.C . ditto di tto 

meth,nol 10.5 ~ 

'" I-" 
~ - - -- -- -- --~---

benzen e 1 T.L . C. ditto ditto 
4. 

carbon tetrachloride 1 

" n - propanol 4 T . L. C. rheinglucosid e and HORHAMMER , 1,AGNER & 

5. e thyl acetate 4 4 sennos ides BITTNER (llO) 

water 3 

ethyl acetate 100 T. L. C. universal solvent Eor ~ ditto 

6 . methanol 16.5 Rhamnus and Rheum species 

water 13 · 5 



n - butanol 4 paper sennosides A & B KAPADIA & KHORANA ( 117) 

7, glacial acetic acid 1 

water 5 

ditto pape r Aloe AWE , AUTERHOFF & ',vACHS -
8 , 

MUTHMELM (5) 

9 . ditto pape r j\l oe AIlE & KUMMEL (6) 

10 . ditto paper Aloe " BOHME & BER TR At-! (27) 

l Ob , ditt o paper Aloe KRAUS (124) 

n - butanol 40 paper sennosides A & B KAPADIA & KHORANA (117) ~ 

'" '" J:: . acetic acid (1. 93N) 10 ~ 

water 5 

ethyl acetate 4 paper c ommercial aloes " BOHME & KREUTZIG (28) 

12 . gl a c ial acetic acid 1 (& T. L. C, ) 

\·Tater 5 

toluene 60 paper Rheum palmatum LEMLI, DEQUEKER & 
butanol 10 (treated with 
propanol 30 20% for mamide CUVEELE (128) 

13 . t e trahydr ofuran 10 in ace t one) 
f ormamide 30 
f or mic ac id 0,05 

t oluene 6 pa per sennidine in Senn a LEMLI (131 ) 

14 . 
butan ol 1 
propanol 3 
formamide 2 



15. 

petrol ether (40°) 

toluene 

xylene 

methanol 

16 . toluene 

16b . ditto 

cyclohexane 

17 . octanol 

pentanol 

benzene (45 - 70°) 

1 S . saturated with 97"/ 

me thanol 

19 . butanol, water satured 

chloroform 
20 . ethanol (95[.: ) 

n - propanol 

21 . ethyl acetate 

water 

petrol ether (65 - 110°) 

22. saturated with 97 ~ 

methanol 

amyl al Cohol 

4 

1 

1 

2 

90 

9 

1 

3 

1 

6 

1 

3 

4 

23 . glacial acetic acid 1 

water 5 

amyl alcohol 2 

24 . glacial acetic acid 1 

water 2 

paper anthraquinones 

paper anthraquinones 

paper Senna 

paper anthraaui nones in 
(treated with . 
dimethyl f or - Rhamnus purshlana 
mamide/forma-
mide 80:20) 

paper anthraquinone 

pigments 

paper 010e 

T. L. C. 

paper 

& T.L.C. 

paper 

paper 

paper 

Aloe 

anthraquinones & 

glycanthrones 

aloes and 

cas cara sagrada 

Rheum 

Rheum 

" HOR HAHHER, WAGNER 3t: LEUE 
(107 ) 

BETTS, FAIRBAIRN & MITAL 
(18) 

KHORANA & SANGHhVI (120) 

KINGET (122) 

SHIBATA, TAKITO & 

TANAKA (196) 

;,UTERHOFF & BALL (4) 

GERRITSMA & VAN OUDTS ­

HOORN (89) 

MERCK (153) 

MARY, CHRISTENSEN & 

BEAL (145) 

SCHULTZ & MAYER (189) 

SCHULTZ & MAYER (189) 

~ 

'" w 
~ 
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Table 3(ib) SOLVENTS USED IN THIS WORK . 

Solvent Designation. 

z 
y 

X 

W 

V 

U 

T 

S 

R 

Q 

P 

o 

N 

M 

L 

Composition. 

Toluene 

Benzene:glacialacetic acid (2:1) 

Isopropyl ether 

Toluene/petrol ether 

Chloroform: ethanol 95% (3:1) 

Ethyl acetate: n-propanol: water: acetone 
(50 : 15: 15: 30) 

Acetic acid: formic acid: ethyl acetate: 
water (3 :1:lB:4) 

Butanol: ethanol 95%: water (40 :11:9) 

N-propanol: ethyl acetate: water (4:4: 3 ) 

Benzene: carbon t etrachloride (1:1) 

Ethyl acetate : methanol: water 
(100:16 .5: 1) . 5) 

Butanol: chloroform (5:2) 

Butanol: glacial acet ic acid:water (4:1:5) 
c 

Petrol ether (40): toluene: xylene: 
methanol (4:1:1:2) 

Ethyl acetate: ~lacial acetic acid: water 
(4:1:5 ) 
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3.4.1 SPECTROPHOTOMETRIC ANALYSIS. 

Valuable evidence with regard to the identification of 

compounds by their spectra, as also to the orientation of sub­

stituent groups on the molecule can be afforded by spectro­

photometric methods. Use has been made of this method to 

identify here both aloin and homonataloin in Aloe species, 

since both these compounds give clearly defined peaks in the 

ultra-violet region of the spectrum. The spectra of both 

aloin and homonataloin as appearing in several Aloe species 

are shown in figures 4(i) & 5(iii). 

BRIGGS, NICHOLLS & PATERSON (39) have used this method to 

study the molecules of anthragallol and anthraquinone. Thus 

anthragallol and all its derivatives show an absorption band 

in the re ,;ion 240-245.5 m).!, due to the chromophore - C6H
4

.COR, 

one of the fundamental bands of anthraquinone itself. Absorp­

tion in the region of 276-288.5 m).! is characteristic of the 

quinonoid nucleus of anthraquinone. Wavelen~ths of 356-362.5 

m}! showed no free c{ -hydroxyl group; wavelen'!;ths of 407.5 -

413.5 mll showed one free rt:. -hydroxyl group while vlavelengths of 

427.5 - 432.5 show two freeoC-hydroxyl groups. 

VAN OUDTSHOORN (227) has examined several hydroxy-anthra-

quinone substances with reference to the 1Nork of BRIGGS and co­

workers. He found that nataloe-emodin (1,7,8-trihydroxyanthra­

quinone), a compound with t;w free 0:: -hydroxy groups, has a maxi-

mum at 434 m}l, which is 1.5 m}l wider than the range given by 
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BRIGGS et alia (39 ) . He contends therefore that the limits 

for two free hydroxy groups can be widened. Several of the 

maxima quoted by VAN OVDTSHOORN (227 ) for hydroxyanthraquinone 

derivatives appear in table 3 (ii) . Recognition of subs ituent 

groups in anthraquinone is given by MORTON & EARLAM (158 ) who 

list spectrophotometric recordings of several hydroxyanthra ­

quinones and their derivatives i n several solvents showing how 

i t is possible to characterise compounds in this manner. 

Tabl e 3 (ii ) V .V. Spectra of anthraquinone de riva tives. 

Anthraquinone derivative. 
chrysophanol 
chrysophanol anthrone 
aloe-emodin 
a l oe - emodin anthrone 

rhein 

rhein anthrone 

emodin 
physcion 

nataloe-emodin 
nataloe - emodin-8-methyl ether 
nata l oe-emodin- dimethyl ether 
chrysazin 
chrysazin anthrone 
a l oin 

homonataloin 

aloe - emodin monoglucoside 
chrysophanol monoglucoside 

Wavelength of peaks. 

225 255 277 287 
220 
225 
220 

230 
220 

225 

222 

232 
228 
228 

228 
222 
222 

222 

223 
220 

255 
254 
255 

257 

252 

252 
260 

255 
255 
260 

250 

255 
257 

276 

265 

265 

265 

265 

275 
272 

273 

295 
286 

285 

295 

289 

287 
290 

295 
293 
285 
285 

295 
294 

355 

355 

365 

355 

359 
347 

430 

430 

430 

437 

435 
434 
400 

396 
430 

410 
423 
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3.4.2 SPECTROPHOTOMETRIC APPARATUS USED. 

In this work exclusive use was made of two instruments , 

namely, the Beckman D.B . recordin; spectrophotometer, and the 

Unicam S.P. 600. The former was used to obtain ultra - violet 

spectra of compounds, and for the quantitative estimation of 

-homonataloin (Chapter 9 ) , while the Unicam S.P. 600 was used 

for quantitative estimations of aloin (Chapter 9 ) . In a l l 

cases 1 cm matched quartz cells were used, with methanol as 

sol vent. 

3.5.1 CHEMI CAL TESTS ON ALOE JUICES . 

Wherever possible, chemical tests have been performed on 

the Aloe juices examined in this work. These include the use 

of concentrated sulphuric acid, followed by fumes of nitric 

acid ( Histed~s reaction ) , concentrated nitric acid, nitrous 

acid, and potassium periodate sol ution. It has been found 

that Histedt's reaction is not specific for homonataloin 

(McCARTHY & PRICE (148 ) ), and the non - homonata loin containing 

Aloes react with nitrous ac id, and with periodate, ~iving s i mi -

l ar colours to those given by homonataloin. The component (s ) 

causin<s this colour change are not known, but are situated among 

the resins and might we ll be resinous derivatives . Since -",ith 

fevl exceptions the juices react with alkali to produce yelloVlY 

or brownish- green sol utions, alkali reactions will be reported 

onl y for exceptional reactions. 
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For conciseness, Aloes givin~ similar reactions are grouped 

together in table 3 (iii ) , and onl y the specific name for each 

species is given. Methanolic solutions of juice were used, 

these being tested on a white spotting til e. 



Table 3(iii). REACTIONS 'lITH Cm CE;lTRATED ACIDS . 

Spe c ies . 

A. fer ox & Group (i)( f ollows) 

A.africana 

A.cryptopoda & Group (ii) 

A. ll'unchii 

A. simii 

A. compton i i 

A.globuligemma 

A. succotr i n a 

A.bro omii 

A.dye ri 

A.fosteri i 

A.reynold gii 

A.karasbergens is 

"i. lineata 

Su lphuric. 

orange brown 

or ange br'Nn 

yellow brown 

greenish brmm 

greenish yel l ow 

yellowy brown 

brown 

ye l lowy br own 

reddish brown 

brown 

greenish brown 

greenish yellow 

olive 

orange 

Sul phur i c & n itric f umes . 

brOvln 

br o'm with red edge 

gr een 

deep gre en & blue 

deeper green with blue 
edge 

rapidly deep r ed with 
green & blue edge 

unchanged 

green,blue & purple 

purplish r ed with 
fa i nt green edge 

unchanged 

gr een & blue 

green & blue 

bottle green 

or ange with purple edge 

Nitric . 

ye 11 owy brown 

ditto 

red chan ging to 
or ange red 

red chan ging to 
oran ge red 

e vanescent cherry 
turning yellow 

deep r ed 

l ight br own 

r ed going orange red 

r ed going orange 

weak yellow 

red goin g orange 

pa l e green 

pale yellmy going 
mauve after 5 min. 

br own 

~ 

'" '" ~ 



A. distans yellowy brown 

A. melanacantha yellowy brown 

A.chabaudii light green 

A.hereroen sis greenish brown 

A. arborescens yellow 

A. an geli ca orange yellow 

A. aculeata r eddish brown 

" . claviflora cherry pink 

.~ . petrophylla browni s h green 

l'I. .ramosissima yel l owy brown 

A.pli cat ilis gre y green 

A. grandid c nt a ta yell owy green 

A. longibracteata ye lJ.owy green 

A. branddraaiensis lime green goes olive 

,~ . suprafoliata mustard 

A. candelabrum red brown 

green, blue & pink 

gr een, blue & pink 

deep green & f i n a lly 
purple 

deep green & fin a lly 
brown 

yel low 

gr een, blue & purple 

dee per r eddish br own 

cherry pink 

greener 

dar k yellowy brown 

no change 

blue 

blue 

deep green & b lue 

slowly green 

deep red with gr een 
edge 

r ed going orange red 

red going orange r ed 

r ed go ing orange red 

r ed going orange r ed 

brown 

yellow 

slow ly green 

e van es ce nt r ed 
going or ange 

yellowy brown 

pale orange 

ye] J. owy bro'"n 

ye1lowy br own 

evanes c ent red 
going orange 

orange red slowij 
deepening 

brown going emer ald 
gr een 

~ 

--1 
o 
~ 
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Group (i). 

A. castanea, A. reitzii, A.vanbalenii, A.dolomitica, 

A.cameronii, A.marlothii, A.sessiliflora, A. vryheidensis, 

A.excelsa. 

Group (ii) 

A.mutabilis, A.wickensii var lutea, A. lutescens, A.mitri­

formis, A.pachygaster . 

3 . 5 . 2 REACTION OF NITROUS ACID WITH ALOE JUICES . 

This is described fully in section 5.3.4, where the 

reaction of nitrous acid on homonataloin is also discussed . 

3.6.1 SPRAY REAGENTS . 

Under section 3.1.4 the reproducibility of Rf values ,vas 

discussed. SHELLARD (195 ) has this observation to make: 

"AlthoUfsh they should never be regarded as definite proof of 

identity, Rf values give a reliable indication of the identity 

of the substance, especially in association with the colours 

produced by specific spray reagents". 

Spray reagents have been much used in this work, and have 

aided in the identification of glycanthrones , anthraquinones, 

glycoside s , sugars and resins, and have been used for the detec­

tion of these on chromatograms. 
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The following spray reagents have in the main appeared in 

the literature, and many of them have been used in this work, 

and will appear under the relevant chapters . 

These are: 

2-6, dibromocinchoninechlorimide 
Fast Blue B (4,4'-Bi(2-methoxybenzoldiazonium chloride) 
nitrous acid 
copper sulphate and hydro~en peroxide 
antimony trichloride 
vanillin in absolute alcohol 
piperidine 50% in benzene 
silver nitrate and ammonia 
alum 
baryta water 
borax 
ferric chloride 
potassium permanganate 
potass ium permanganate and soda 
potassium hydroxide and hydrogen peroxide 
magnesium acetate 
magnesium acetate and ammonia 
ammonia vapours 
phosphoric acid 25% 
antimony penta chloride 
stannous chloride 
sodium hydroxide 
sulphanilic acid and sodium nitrite 
zinc acetate 
lead tetra-acetate 1% in benzene 
periodate-starch 
para -anisidine 
formamide 

The previously named spray reagents are used for three 

main classes of compounds, namely resins, sugars or glycosides, 

and anthraquinone derivatives. 
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REAGENTS FOR RESINS . 

These are alcoholic alkal i (2- 5% ) 

Fast Blue B 0 . 5% aqueous , 

antimony trichloride 4% in chl oroform , 

2,6- dibromocinchonine chl orimide 0 . 4% methanol ic . 

The use of these has been descri bed fully in Chapter 8, sect ions 

8.5.2 to 8.5.5, and will not be repeated he r e. 

3.6.3 REAGENTS FOR SUGARS AND/ OR GLYCOS I DES . 

(i ) 35% borax containing 0 . 8% KI, 0 . 9% boric acid, and 

3% sol. starch - fo r gl ycosides and cis - hydroxy com-

pounds (METZENBERG & MITCHELL (154 )) . 

(i i ) p- anis i dine HCl 2% i n water - saturated butanol :- for 

cis-hydroxyl compounds. 

(iii) 4 parts sodium metaperiodate (2% aq ) 

1 part 1% aq . KMN04 in 2% Na 2 C0
3 

aq. 

This reagent converts carbohydrates to detectabl e a l dehydes. 

(iv ) Lead tetra- acetate 1% in benzene - (BUCHANAN et a l ia (47 ) ) 

Used for the detections of 1-2 gl ycols, for gl ycosides 

and non - reducing carbohydrat es . 

Reagents ( i ) and (ii ) have been used in Chapter 6, sections 

6.1 . 9 to 6 . 1.12 . 
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3.6.4 REAGENTS FOR ANTHRAQUINONE DERIVATIVES . 

The following reagents were used for homonataloin, and 

full details therefore appear in Chapter 5, sections 5.1.3 to 

5.2.1. 

(i) potassium periodate aqueous (saturated solution) 

(ii) magnesium acetate 0 . 5% methanolic solUtion 

(iii) potassium hydroxide 10% aqueous & hydro~en peroxide 3% 

(iv) sodium nitrate 5% aq . , followed by glacial acetic acid 

(v) CuS04 0.5% aq., followed by hydrogen peroxide 3% 

(vi) potassium hydroxide 5% alcoholic 

(vii) vanillin 3% in absolute alcohol containing ~% H2S0
4 

cone . 

The following were used for aloin and full details thereof 

appear in Chapter 4, section 4 . 1.5 . 

(i) potassium hydroxide 10% + hydrogen peroxide 3% (1:1) 

(ii) magnesium acetate 1% methanolic 

(iii) KOH 5% a l coholic. 

The following reagent has been used by RAMAUT (174) in 

studying the products of metabolism of Aspergillus versicolor, 

namely, piperidine 50% in benzene. With this reagent anthra -

quinones give a violet colouration. 

3 . 6.4.1 Differentiation using spray reagents . 

A useful property of certain spray reagents is not only 

that they assist in identifying a general group, but that they 
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can also differentiate members 'of that group. Three reagents 

having this property are potassium (or sodium) hydroxide, forma­

mide and magnesium acetate. 

3.6.4.2 Alcoholic KOH reagent. 

Not only does this reagent, (in concentrations from 2-5%) 

indicate 1,S-hydroxy anthraquinones , but it also dist ingui shes 

between anthraquinones, which colour red on heating, and 

anthrones and dianthrones, which colour brown or yellow . If 

heat is not applied, sennidine A & B give yellow spots which 

slowly change to violet on standing (KHORANA & SANGAVI (120)). 

Furthermore, this useful reagent indicates the presence 

of 'p-coumaric acid as a clear blue spot, as a l so certain resins, 

which colour various shades of blue (u .v . ) . 

3.6.4.3 Formamide reagent . 

If formamide - saturated paper is sprayed with 5% KOH in 

50% methanol, an excell ent distinction between anthraquinones, 

ant hrones and dianthrones is obtained. Thus anthraquinones , 

on heatin<; at 1000C for 5 minutes , give a red col our , while 

anthrones and dianthrones under these conditions give purpl e 

colours (LEMLI et alia (133 )) . 

LEMLI & co-workers utilised this procedure to produce a 

specific col our r eaction on a semi - micro scal e as follows:-
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100-200 mgm of anthraquinone is heated in a boiling waterbath 

for ten minutes with 2 ml of 10% KOH in formamide. After 

cooling, the solution is diluted to 10 ml with formamide . On 

exposure to sunlight or ultra- vio l et light (max. 365 m~ ) the 

colour changes from red (max. 510 m~) to blue (max . 610 m~) 

for chrysophanol, aloe-emodin and rhein . The 2,7-substituted 

anthraquinones emodin and physcion remain red (max . 510-540 m~ ) 

(N . B. This method offers a differentiation of two chromato­

graphicall y similar substances, namely, physcion and chrysophanol) . 

The dianthrones e.g. sennidine A & B go from red to purple. 

It is int eresting to note that once the anthraquinone com­

pound has been warmed with formamid e - KOH, it forms a compl ex 

from which aloe-emodin, chrysophanol and rhein cannot be re­

covered from acidified aqueous mixture by means of organic 

solvents. However, emodin and physcion do not form complexes, 

and can be recovered by means of ether. This allows an impor-

tant quantitative differentiation of chrysophanol and physcion. 

3.6.4.4 Magnesium acetate reagent . 

Thanks largely to the work of SHIBATA, TAKITO & TANAKA (196) 

magnesium acetate 0 5% methanolic has been widely used in 

attempts to classify the position of hydroxyl groups on the 

anthraquinone nucleus . Anthraquinones with at l east one of 

the hydroxyl groups in the ~-position develop with the reagent, 
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when heated at 900C for 5 minutes. Compounds which contain 

two in the 1, 3-position e . g . emodin , chrysophanol or a l oe­

emodin, give an orange-red or pink col our; those with two 

in the 1,4-position i.e . quinizarin, produce a purple , and 

those with two in the 1,2-position i . e. alizarin, exhibit a 

violet colour . VAN OUDTSHOORN (227 ) using a temperature of 

1100C for 10 minutes, describes the following daylight colours:-

chrysophanol, physcion and chrysazin - orange-red 

rhein, emodin and aloe-emodin - red 

nataloe-emodin and a lizarin - violet 

methylnataloe-emodin - or ange. 

Apart from these three reagents, SCHULTZ & MAYER (189) 

have described no fewer than seventeen reagents which they 

used to distinguish between an anthraquinone (frangula emodin ), 

an anthranol (a l oin Merck ) and a dianthrone (Pursennid Sandoz). 

Those reagents not already described appear in table 3(iv). 



Table 3(iv) . COLOUR REACTIONS OF f.NTHR.~OUINONE DERIVt.TIVES . 

Reagent Anthraquinone Anthran ol Dianthrone 
dayligh t u.v. daylight u.v. daylight u.v. 

canto l yellow shining orange grey yellow shining or ange weakly yellow. brown 

Agno 31%+NH31% weak bright bright grey intense grey intense red weakly yellow. brown 
ye llow brown 

a lum 5:~ aq yellow bright brown grey yellow shining dark weakly yello~ grey brown 
yellow 

baryta wat e r 51- int ens e red dark red intense yellow ye llow brown bright gr ey dull brown 
fluor escent yellow 

borax 5% aq intense red red intense bright ye llow fluor. weakly yellow dull grey 
brown ish brown ~ ...., 

"" FeCL
3 

l~' ao weak bright intense black intense grey ~ 

brown grey 

KMnO 4 11, an yelbw bright brown grey- videt intens e brown weak yello;/ - dull brown 
ish 

(MilO 4 + soda intense red purple intense brown intense grey clear brown dull brown 
ye l low 

19.· cet - NH3 intense red shining red intense bright ye llo;, fluor. bright yellow intense 
brown brown br o;,n 

<H3 vapours intense red dark red intense yellow shining orange intense yel - brown 
10;' 



H D r) 25% ",eak yellow dull grey weak yellow intense brown weak bright brown 3 4 . 
brown yellow 

Sb(~l 5 1% a ~ yellow shining brick - clear brown dull da r k clear yellow brown 
red brown 

Sn ( '2 1% a<" weak ye l low shining bright weak yellow shining orange ,,,eak bright brown 
grey brown yel low 

Son -, 5~( aa intense r ed purple in tense br own s hining yellow we ak orange brown 

Sulrhanil ic ncid r ed r e d intense vi olet - s hining bright dull grey-
+ NaN C

2 
brown ye ll e;: orange brown 

Z:n ~ cet 5% aq br igh t orange shining bright bright br C" "n orange '"eak ye llow- brown 
orange ish 

~ ...., 

'" ~ 
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3.7 .1 HERBARIUM SPECIMENS (INTRODUCTION) . 

Aloe species are very prone to mould growth once picked, 

and a suitable method of preservation is required . Acknowledge­

ment for the following advice is due to Miss G. Britten, Albany 

Museum: "The method used to dry succulents these days is t o 

soak in paraffin or dip in boiling water. I prefer the old 

method - f ormalin 1 to 15 parts water. Immerse the plant for 

a day or so, then dry in the usual way. Drying Aloes is rather 

a long job and they must be thoroughly dry befor e mounting . 

The specimens require constant changing to a void mould. As 

the flowers tend to drop off it is advisabl e to treat the 

specimens as soon as possible . When put i n t o a press a good 

heavy weight is needed, or it should be strapped tightly and 

left in the sun to hasten drying. 

If the leaves are thick they can be cut in half longi ­

tudinally and scraped out. If it is not possible to cut them , 

a few slits along the margins will allow the juice to ooze out 

when the specimens are under pressure . 

When collecting Al oe species such as A.ferox or A.africana, 

the flowerheads should be cut in sections long enough to fit 

the sheets on which they will eventually be mounted . It is 

better to cut the thick flowering stems in half, as this makes 

it quicker and easier to dry them . 

Aloes, like most succulents, lose their colour after 
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treatment, and it is advisab l e to make notes of the colours of 

flowers and l eaves, whether spotted etc . " 

3.7 . 2 PREPARATION OF HERBARIUM SPECIMENS . 

All l arge specimens of leaves were sliced and scraped 

to remove the pulp, and the remaining epidermis was then 

swabbed inside and out with forma ldehyde (3 5% v/v). Both 

the upper and lower halves were then dried in the sun and 

s tapled onto white mounting boards, on which the description 

of the l eaf and f l owering portion was recorded. Large 

flmvering heads were cut in half, scraped internally, painted 

with formal dehyde and left to dry before attaching to the 

mounting boards . A few flowers were detached and placed 

in an envelope, which was fixed to the board. Small l eaves 

were merely pricked to el iminate juice, while small flowering 

heads were dipped in fo rmaldehyde, dried, and affixed t o the 

board. 

HERBARIUM SPECI MENS. 

Table 3 (v ). HERBARIUM SPEC IMENS (leaf and flowering top) 

Species . Origin. Herbarium No . 

A.acul eata Pole Evans Uitenhage MOOI 
A.arborescens Mill . Port Elizabeth MOO2 
A. cameronii (Rhodesian ) Uitenhage MOO3 
A. dolomitica Groenewald Uitenhage MOO4 



A.reitzii Reynolds 

A.sessiliflora Pole Evans 

A.vanbalenii Pill ans 

A.vryheidensis Groenewald 

A .ferox Mill. 

A.africana Mill . 

A.marlothii Berger 

A.candelabrum Berger 

A. castanea Schonl . 

B2 . 

A. excelsa (Rhodesian ) 

A.striatula var caesia Reynolds 

A.suprafoliata Pole Evans 

A.cryptopoda Bak . 

A. lutescens Groenewald 

A.pachygaster Dinter 

A.melanacantha Berger 

A.hereroensis En~ler 

A.comptonii Reynolds 

A.mitriformis Mill. 

A speciosa Bak. 

A.wickensii var l utea Reynolds 

A angelica Pol e Evans 

A.mutabilis Pillans 

A.munchii Christian 

A. pearsonii Schonl . 

Uitenhage 

Uitenhage 

Uitenhage 

Uitenhage 

Port Elizabeth 

Port Elizabeth 

Uitenhage 

Uitenhage 

Uitenhage 

Port Elizabeth 

Grahamstown 

Uitenha'!:e 

Uitenha'3;e 

Uitenhage 

Uitenhage 

Uitenhage 

Uitenhage 

Port Elizabeth 

Uitenhage 

Port Elizabeth 

Uitenhage 

Uitenha.Q;e 

Port Elizabeth 

Uitenhage 

Uitenhage 

M005 

M006 

M007 

MOOB 

M009 

MOIO 

MOll 

M012 

MOl) 

MOl 4 

M015 

M016 

M017 

MO IB 

M019 

M020 

M021 

M022 

M02) 

M024 

M025 

M026 

M027 

M02B 

M029 



A. distans Haw . 

A. grandidentata Sal m Dyck 

A. simii Pol e Evans 

A .dyeri Schonl. 

A.petrophylla Pillans 

A. saponaria (Ait ) Haw. 

A. %lobul igemma Pole Evans 

A. longistyla Bak. 

A.polyphylla Schonl . 

A.broomii Schonl . 

A.succotrina Lam. 

A.lineata (Ait ) Haw . 

A.ramosissima Pillans 

A. pretoriensis Pole Evans 

A. longibracteata Pole Evans 

A. fosteri Pillans 

A.ammophila Reynolds 

A.branddraaiensis Groenewald 

A. chabaudii Schonl . 

A.karasber%ensis Pillans 

A. pratensis Bak. 

A. reynoldsii Letty 

A. peglerae Shonl . 

A.dominella Reynol ds 

A.striata Haw . 
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Uitenhage 

Port Elizabeth 

Uitenhage 

Uitenhage 

Uitenhage 

Port Elizabeth 

Uitenhage 

Grahamstown 

Grahamstown 

Uitenhage 

Uitenha~e · 

Port Elizabeth 

Uitenhage 

Port Eliza beth 

Uitenhage 

Uitenhage 

Grahamstown 

Port Elizabeth 

Uitenhage 

Uitenhage 

Uitenha(!;e 

Uitenhage 

Grahamstown 

Port Elizabeth 

Port Eli zabeth 

M030 

M03l 

M032 

M033 

M034 

M035 

M036 

M037 

M038 

M039 

M040 

M04l 

M042 

M043 

M044 

M045 

M046 

M047 

M048 

M049 

M050 

M05l 

M052 

M053 

M054 



A. plicatilis (L ) Mil l . Port Elizabeth IVI055 

A. r;l auca Mill . Grahamstown M056 

A.aristata Haw. Gr ahamstown M057 

A.variegata Linn . Port El izabeth M058 

A. cl aviflora Burchell Grahamstown M059 

A. pluridens Haw. Port Elizabeth M060 

A. grac il is Haw . Port Eli zabeth M06l 

A. humilis (L) Mill. Port Elizabeth M062 

A. greenii Bak . Port Elizabeth . M063 
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C HAP T E R 4. 

ALOIN AND RELATED COMPOUNDS . 

4 .1.1 I NTRODUCTION. 

Aloin and its isome r isobarbaloin and the aloinosides 

have been extracted from several Aloe species, aloin predominating 

in its occurrence. Furthermore, aloin has been obtained as a 

hydro l ysis product from plants other than the aloe , but in 

this chapter discussion of the occurrence of the above princi-

pIes is confined exclusively to Al oe species. 

4.1. 2 ALOIN. 

Aloin was extrac ted in crystalline form as Ion'?; ago as 

1851 by T & H SMITH (201 ) . Since the a l oin was extracted 

from Barbados aloes, the name barbetloin was etdopted , its isomer 

being known as isobarbaloin. Hm,ever, the terms aloin and 

barba l oin are synonymous , and the term barbal oin will only be 

used in this chapter '."!he re it is directly quoted from the 

original literature. 

4.1. 3 STRUCTURE OF ALOIN. 

Work on the structure of aloin commenced over 50 years 

ago. Wprkers of that and l ater pe riods were hampered by the 

l ack of modern methods of instrumental analysis, and in conse ­
I 

quence much of the work of peopl e such as LEGER (127 ) , 
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HAUSER (97 ), ROSENTHALER (178 ) and CAHN AND SIMONSEN (49 ) is 

only of historic interest , a lthough some information of the 

structure of t he basic anthraquinone nucleus was obtained. 

In 1937, the American workers GARDNER & JOSEPH (87 ) 

produced evidence that hydrolysis of both aloin and isobarb ­

aloin ~ave the same anthrone nucleus (9- anthrone ), thus 

refuting the earlier claims of HAUSER (97 ) that the nucleus 

was an aloe - emodin anthranol. 

" In 1952 MUHLEMANN (159 ) described a method for synthesising 

chrysazin -9-anthrone ~lucoside . Shortly after , by ana l ogy, 

the formula f or aloin was stated to be 10 (1':5' - anhydro - q;lu-

cosyl ) aloe - emodin-9 - anthrone . " This formul a , MUHLEMANN 

pointed out, a llowed of isobarbaloin being one or other of the 

optical antipodes a t C(lO). 

Confirmation of this \;ras given by BI RCH & DONOVAN (1955 ) (22 ) 

and by BAR~ES & HOLFELD (1955 )( 8 ), use being made of the ultra 

violet spectra of methyl -, acetyl -, ethyl - and bromo - derivatives 

of a l oin. The l atte r workers stated that since both barbaloin 

and isobarbaloin had maxima at 267- 268 mr and at 359 mr , t his 

indica ted that the sugar moiety of the aloins "laS joined at 

C(lO ) by a C- C bond . Final confirmation of the formula for 
11 

aloin proposed by MUHLEMANN came from HAY & HAYNES (1956 )( 98 ), 

using infra - red spectroscopy, X- ray crystallography and 

chemical methods. 
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In rec ent years , further C-C glycosyl compounds have been 

isol ated, including carminic acid (ALI & HAYNES) (2) and 

homonatal oin ( HAYNES , HENDERSON & TYLER ) (99 ) . fol l owing 

recent nomenc l ature , these compounds are termed gl ycopyr anosyl 

compounds. These C- C gl ycosyl compounds are not confin ed to 

anthraquinone derivatives, and recently SEIKEL & MABRY (191 ) 

have report ed the iso l a tion of a glycofl avonoid from Vitex lucens. 

PHYSICAL CHARACTERI STICS OF ALOI N. 

Aloin occur s as a yellow crystalline powder \-lith a 

melting point of 146-147°C, although in the l iter ature , tem-

peratures r e ported range f r om 1420 C to 150oC. Amorphous a l oi n 

has a darker colour, and is usually contaminated with water-

soluble resins. Crystalline a l oin is rela t ive l y soluble in 

pol ar so l vents, and virtuall y insoluble i n non-polar so l vents . 

Thus Harders (96 ) lists 11 solvents, the gr eatest sol ubili ty 

being in methanol and dioxan (1-13.2 , 1-13 . 3 resp . ,) the l east .. 
in chloroform (1-33,333). Further to this, BOHME & BERTRAM (27 ) 

state that a l oin is s oluble to the extent of 57% i n pyriqine 

(l8oC ) • 

4 .1. 5 CHEMICAL REACT IONS OF ALOI N. 

A comprehensive l ist of 17 r eagent s producin~ charac t erist i c 

col ours with a loin is given by SCHULTZ & MEYER (189 ) . However , 
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it must be borne in mind that as starting point they used 

Aloin Merck, which has been found to be not entirely free from 

resins . Those ~iving perhaps the best differentiation appear 

in table 4 ( i ) . 

Table 4{i) . COLOUR REACTIONS OF ALOIN (MERCK ) > 

Reagent Daylight . Ultra-violet . 

1) AgN0
3

1%+NH4OHIO% (1: 1) Intense grey Intense red brown 

2) FeC1
3

1% aqueous Intense grey-
black 

3 ) KOH lO%+H2023% (1:1) Intense bri~ht Bright green 
brown fluorescence 

4) Mg acet 1% methanolic Intense orange Yellow fluorescence 

5 ) NH3 va pours or solution Intense yell ow Shining orange 

For identifying aloin on chromatograms, preferential use 

was made of reagents 3), 4) and 5) in the above tab l e, mag-

nesium acetate indicating possible groupings of unknown com-

pounds revealed by it. 

Furthermore, t o differentiate crystalline a loin from 

amorphous aloin without recourse to chromatography , LISTER & 

PRIDE (126) utilise the colour of the fluorescence of the 

compound in ammonia solution when placed under ultra-violet 

light, the crystalline a l oin fluorescing bri~ht yellow, the 

amorphous a l oin fluorescing bright blue. (This bright blue 
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fluorescence is l ater shown to be due to a l oesin which itself 

appears bright (l ight ) blue on unsprayed aloetic juice separa­

t ed by chromatography ) . This differentiating t est of LISTER 

& PRIDE has been included in the B. P. C. 1963 (41) . 

4.1.6 CHEMICAL REACTIONS OF JUICES . 

As a routine examination, a ll juices (in methanol) were 

tested separately on a white spotting tile with the following: 

concentrated sulphuric acid , concentrated nitric acid, and 

ammonia solution . In the case of aloin-containing juices, 

no great differentiation could be achieved, as t his group 

merely gives yellow brown solutions with sulphuric acid , 

unchansed by the fumes of nitric acid (in contrast to homonat-

aloin-containin~ juices). With nitric acid no immediate 

colour chanse is observed, but on leaving several minutes one 

species (A .aculeata) slowly turned green. According to 

TREASE (220 ), a 1% aqueous solution of dried a l oes gives \{ith 

nitric acid a brownish colour rapidly changing to green. This 

reported r apidity of action was not observed with methanolic 

solutions of Aloe juices, and aloin itself merely forms a pale 

yellow solution with nitric acid, but far deeper yellow solutions 

with either sulphuric acid or with ammonia solution. 
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4.2.1 EXPERIMENTAL . 

Separation of the constituents, including aloin, of 

several Aloe species ,laS achieved by using thin- l ayer chroma -

to~raphy. Methanolic solutionsof the aloetic juices were 

spotted onto Silica gel G pl ates, activated by heatin~ at 

105 0 C for 30 minutes . 

4.2 . 2 SOLVENT SYSTEMS 

Two so l vent systems are described widely in the literature, 

and ~ive good separation of aloin (and if present , aloe-emodin ) . 

These two solvent s ystems have been described throughout this 

,'wrk as Solvents V and P, the Rf value for aloin being 0 . 42 

and 0 . 87 respectively. 

Solvent V: chloroform: ethnnol (95% v/v ) 3:1 

Solvent P : ethyl acetate : methanol: water 100:16 · 5:13 .5 

4 , 2 . 3 DETECTION OF ALOIN . 

Due to it.s characteristic colour when viewed under ultra ­

violet li~ht, aloin is one of the easiest compounds of Aloe 

species t o identify. Identification can be simplified by 

utilisin~ spray rea~ents follm·,ed by observation of the plates 

in daylight and in ultra - violet light. Further confirmation 

is by melting point, ultra - violet spectra and infra- red spectro-

scopy . Only the latter was not used in this wo rk . 
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4.2.4 SPRAY REAGENTS . 

Although aloe - emodin was not specifically sought, its 

identification if present is not difficult, as it runs c l ose 

to t he front with both the afore - mentioned so l vents, and ~ives 

characteristic colour reactions with several reagents. The 

reactions of aloin appear in table 4 (i ) . Al oe - emodin ~ives 

with these three spray reagents (KOH/ H202 ; M:!; acetate: 

ammonia ) characteristic red colourations. 

4.2 . 5 MELTING POINT DETERMINATIONS . 

It was possible to determine the melting point of a l oin 

by removins the aloin spot from the chromatoplate, placin~ 

it in a small sintered-glass funnel, and eluting with a few 

drops of methanol, the filtrate bein~ collected on a watch-

gl ass. This Has allowed to evaporate, and the yellow residue 

was transferred with a needle to the block of a micro - melting 

point apparatus, and observed through a microscope. The 

residue .vas amorphous in character, in contrast to crystalline 

aloin similarly treated as control . However , a defininte 

rounding of the yel l ow amorphous matter indicated the melting 

points, which appear in table 4 (i i ) . (It should be noted 

that records of melting points and ultra violet spectra were 

made only of Al oe species which at the time had not been re-

ported in the literature. Chromatographic data was used to 

corroborate aloin in species such as A. ferox, A.candelabrum 

and A. africana ) . 
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Table 4 (ii). MELTING- POINTS OF ALOIN FROM ALOE SPECIES . 

Species . Melting-point (oC uncorrected ) . 

A.aculeata 146-147 

A.arborescens 146-147 

A. cameronii 142- 144 

A dolomitica 144-146 

A reitzii 146-147 

A.sessilifl ora 142-144 

A.vanbalenii 144-145 

A .. vryheidensis 144.,.145 

(Phenazone (Merck ) (m .pt. 111-113 0 C) melted at 110-1110 C, 

while phenacetin B. P. C. (m . pt . 134- 136°C ) melt ed at 134°C 

on this apparatus.) 

4.2.6 ULTRA VIOLET SPECTRA . 

The absorption curves for eight Al oe species appear in 

figure 4 (i ) . As was the case with meltins point determina -

tions , spectra were plotted onl y for those species which at 

that time had not been reported in the lit erature . 

Use was made of a Beckman D- B automatic recording spectro-

photometer, fitted with 1 cm ce lls. The spot was taken from 

the chromatoplate, dissolved in methanol and filtered f ree from 

silica ge l prior t o reading . The spectra are arranged in 
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descending order for clarity, and consequently extinction 

values are not reported (McCARTHY & PRICE (147)). 

4.3.1 SPECIES CONTAINING ALOIN. 

Aloin was found in the .iuice of 14 Aloe spe cies, these being: 

A.aculeata Pole Evans, 

A.cameronii (Rhodesian), 

A.reitzii Reynolds, 

A.vanbalenii Pillans, 

A. ferox Mill . , 

A.excelsa (Rhodesian ), 

A.africana Mill., 

A.arborescens Mill., 

A.dolomitica Groenewald, 

A.sessiliflora Pole Evans, 

A.vryheidensis Groenewald, 

A. candelabrum Ber~er, 

A.marlothii Berger, 

A. castanea Schonl. 

Aloin was also found in the leaf of A.striatula var caesia, 

as reported by VAN OUDTSHOORN & GERRITSMA (226), but not in the 

leaf of A.pluridens Haw., as reported by VAN OUDTSHOORN, 

methanolic extracts of both plants being used. Leaves from 

several A" pluridens plants growins in Port Elizabeth v.ere found 

not to contain aloin, and it is possible that the former workers 

obtained a hybrid of pluridens x arborescens which would be 

difficult to distinsuish from Apluridens. The above-named 

14 species appear in figure $ (ii). It is interesting to note 

that with the exception of A.arborescens and A.striatula var.caesia, 
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all the above-named Aloe species produce sufficient aloetic 

juice to warrant their use commercially as a source of aloin. 

4 . 3.2 DISCUSSION OF CERTAIN SPECIES . 

Work on the resins contained in Aloe species (Chapter Ell 

showed how simil&r in chromatographic appearance the Al oe 

species are, especially those containing a l oin. All yield 

thick, oran~e aloetic juice when the l eaf is incised, except 

A.arborescens, where the juice is extremely watery, due possibly 

to the lack of resins in the juice. With regard to A.marlothii, 

VAN OUDTSHOORN (227 ) has shown that in the Transvaal this species 

forms two sub-groups accordin'S to its l ocality of ori,in , one 

sub-group containin~ aloin, the other homonataloin. At l east 

three A.marlothii plants from the Port Elizabeth -Uitenhage 

complex have been found to contain aloin, and as yet none has 

contained homonataloin , as is the case in the Pietersburg 

district of the Transvaal. 

In A.acul eata a compound above a l oin turned a purplish 

colour on treatment with ma.'Snesium acetate rea.'Sent , followed 

by heating for 5 minutes at l 05 0 C. This is stron~ly suggestive 

of a 1 ,2 - dihydroxy anthraquinone compound (196 ) . 

Difficulty was encountered with A. castanea when an 

attempt was made to determine the melting point of aloin in 

the manner described in section 4 . 2.5. The compound melted 
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at 13 50 C, showing impurity. A close scrutiny of the chroma -

togram of A. castanea r un in Solvent V showed that the aloin 

spot in u.v . light appeared to consist of an upper yellow rim 

and a light brown base. It was possible to separate this 

spot (using butanol/chloroform/ethanol 4:3:1) into an orange 

spot (yellow tipped) and immediately above this a pinky red 

spot . Both these spots appeared yellow in daylight. The 

orange spot was separated and its melting point was found t o 

be 140oC, indicating that some of the impurity had been removed. 

Shortly after this VAN OUDTSHOORN (227) extracted crystalline 

aloin from A.castanea . 

4 . 4 .1 ISO BARBALOIN . 

Althou,gh isobarbaloin, the isomer of aloin, is referred 

t o frequently in textbooks of pharmacognosy as being a con­

stituent of Cura~ao aloes, it is surprising how little has 

actually been written about this compound in the literature . 

4.4 . 2 STRUCTURE OF ISOBARBALOIN . 

GARDNER & JOSEPH ($7 ) in 1937 produced evidence that 

hydrolysis of both aloin and isobarbaloin gave the same 

anthrone nucleus, namel y chrysazin-9-anthrone. " MUHLEMANN (159) 

described a method of synthes ising the glucos ide of chrysazin-9-

anthrone and shortly after this showed that by analogy the 
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formula of a l oin could be stated as 10-(1': 5' - anhydrogl ycosyl ) 

a l oe - emodin- 9- anthrone . This formula allowed of isobarbaloin 

being one or other of the optical antipodes at C(lO) . 

BARNES & HOLFELD (8 ) s howed that s pectroscopic examination 

of both (barb )aloin and isobarbal oin indicated a basic nucleus 

for each of chrysazin- 9- anthrone . They showed that the ultra 

violet spectra of synthetic anthrones of this type varied 

wi t h the substituent at c (lO) . Naming Rand R' as substituents at 

C(lO), and R" as substituent at CO ) , they showed the fol l owing 

chan:se of peaks for the different compounds: thus 

a ) When R, R'&R" = H, then there is a peak a t 355 m~ . 

b ) When R=Br or Orne, the peak above shifts to 370 m? 

c ) :fuen R' & R" = H, and R= any substituent other than 

H, a pea k appears at 266-268 m~. 

Since both aloin and isobarbaloin both had peaks at 267 mr 

and 359 m)l , this indicated that the sU.o,;a r moiety of the 

aloins ';/ilS joined at C(lO) by a C- C bond. As further evidence 

the y found that both aloin and isobarbal oin consumed two moles 

of H104 , indicatin~ onl y stereochemical differences between 

the compounds. 

HAYNES (personal communication ) states that the infra - red 

spectra of barbaloin and isobarbaloin a r e almost, but not 

quite, identical and he and his co- workers believe tha t iso-

barbaloin is an optical isomer of barbal oi n. They hope in 
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the near future t o study both with N.M.R . Haynes is of the 

opnion that Klun,,!;e's test is the best for checking for the 
j So 

presence of s.ivbarbaloin, since chromato~raphy on paper is 

probl ematical as the two isome rs are not separated by 

solvents which do not cause streakin -s , 

TESTS FOR ISOBARBALOIN . 
, 

::t.4-,-,. 4:!:-'.,-"3,------,K",L",,UC!..:N.:::.GE:;::S ISOBARBALOIN TEST (220 ) . 

To 20 ml of an aqueous 0 . 5% solution of aloes is added 

a drop of saturated copper sulphate solution , fo llowed by 19 

sodium chloride and 10 ml of alcohol 90% v/v, Isobarbaloin 

(Curaca o aloes ) gives a wine - red colour which is hastened by , 
\varmin:; and \,hich persists for 12 hours. No other commercial 

variety of a loes gives this test . (The test is however un-

suitable for chromatograms . ) 

4 . 4.4 NITROUS AC ID TEST (220 ) . 

To an aqueous s olution of aloes is added a f ew crystals of 

sodium nitrite followed by a little acetic acid. A rich pink 

to carmine (isobarbaloin ) is ~iven by Cura~ao , a lesser pink 

by Cape, while Socotrine and Zanzibar aloes show little chan.ge 

in colour . 

The above test is easily adapted t o give a spray reagent. 

Thus chromato 'Srams we re sprayed \lith a 5% aqueous solution of 
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sodium nitrite, followed by ~lacial acetic acid, whereupon 

isobarbaloin gave a rich crimson colour which deepened to 

carmine. However, this reaction was found to be far from 

specific for isobarbaloin, as a similar reddish colour was 

observed when methanolic so l utions of the juices of several 

Al oe species l-vere treated on a spotting tile with nitrite 

sol ution fo l lowed by acetic acid . 

4 . 4.5 REACTION OF ALOETIC JUICES WITH NITROUS ACID. 

Using the nitrous acid reagent, Aloe species could be 

divided roughly into six broad colour groups, name l y carmine, 

purple, mauve, red mixed with yellow, rose red and yellowy brown. 

a ) carmine 

This colour was ~iven by Cura)ao al oes, and also by 

A. suprafoliata, A. speciosa & A.wickensii var lutea, which con ­

tain homonataloin. 

b ) purple 

A. succotrina (instantaneously), A.branddraaiensis, 

A-l ongibracteata, A. longistyla (fading rapidly) & A.mitriformis . 

c ) mauve 

A. lutescens (rapid ), A.mut abilis (rapid ) A. cryptopoda, 

A.petrophylla, A.ammophila, A. fosteri, A.dyeri and A.simii . 
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d} red and yellow 

A.distans , A.comptonii, A.hereroensis, A.angelica, 

A.melanacantha & A.saponaria (weak ) . 

e } rose - red 

A . pachr;aster and A. munchii 

f } yellowy brown 

All the aloin-containers (except A.aculeata which was 

instantly carmine, fadin~ rapidly ) . Also the following non-

aloin-containers: A.karasbergensis , A.broomii, A . gl obuli~emma , 

A. chabaudii , A. pratensis and A. polyphylla. 

4.4.6 CHROMATOGRAPHIC SEPARATION. 

Several of these Aloe species were run chromatographically, 

then sprayed with nitrous acid to see which components gave 

the colour reaction. All the homonataloin- containers save a 

rich carmine, changing fair l y rapidl y to puq!e, as is described 

for homonataloin in Chapter 5. Most of these gave a purple 

t ail near the base, and the reaction is probably between nit rous 

acid and resin. (It is interesting to note, however, that 

both dithranol and chrysarobin, which contain compl ex anthra­

quinones, turned pink with HN02 , albeit slowly. ) The purple 

t ail described above was also given by KI 04 solution, where in 

many Aloe species a tai l extending up to Rf 0 . 2 is formed . 
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" BOHME & KREUTZIG (28 ) also describe a periodate - positive 

spot which appears only in Cape aloes , and with periodate 

gives a blue - violet col our v,hich fades rapidl y. This spot 

a l so gives Kl unge's reaction , which is regarded as specific 

for isobarbal oin . The y state that it is for this r eason 

that pr evious workers erroneously carne to regard Cape aloes 

as also containinz isobarbal oin . Unfortunatel y t hey do not 

attempt to identify their compound. 

4.47 CHROMATOGRAPHY OF ISOBARBALOIN. 

" BOHME & KREUTZIG (28 ) have separated isobarbal oin by 

thin- layer and paper chromato~raphy util ising a sol vent 

consisting of ethyl acetate : glacial acetic acid: water 

In this sol vent isobarbaloin on paper has an Rf 

of 0.43 . They describe the compound as a dark orange spot 

under ul tra-violet light, changing to yellow-oran~e after 

treatment with KOH . In dayli~ht it is appar ent as a .~radually 

increasing purple - violet spot . After treatment with periodate 

the spot increases in density and is visible as a strong violet 

colour which is permanent . 
. iI 

According t o HORHAMMER , WAGNER & BITTNER (111 ) isobarb-

aloinha..S a yellowy brown col our when viewed under ul tra -

viol et li~ht , whereas aloin and aloinoside are yellow . After 

spraying with KOH the three compounds retain these co l ours , 
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while homonataloin goes yellowy brown. 

After spril ying with Fast Blue B followed by methanolic 

KOH , isobarbaloin, a l oin and a l oinoside all appear ~reen in 

dayli:;ht, whereas homonataloin appears dark ?;reen . Isobarbaloin 

has an Rf value of 0.38 (Silica ;el G) usins the solvent system 

ethyl acetate: methanol: water (100:16.5 :13.5 ) . 

" Usins the sa me solvent system and Silicil '5el G, HORHAMMER , 

HAGNER , BITTNER & GRAF (113 ) report isobarbal oin in "est 

Indjan aloes, but not in Cape , East African, Socotrine or 

Natal aloes. This is in a:;reement with work described under 

EXPERIMENTAL , where isobarbaloin was, however , found also 

in Zanzibar aloes. 

4.4.8 ISOLATI01: OF TSOBARBALOIN . 

One of the few methods that is described for the isolation 

of isobarboloin is that of GOLSE (92 ): macerate aloes with 

twice the ilmount of acetone containing a little acetic acid. 

The ala ins remain inso l uble . The deposit is collected, dried 

in ilir and treated with boilinz methyl alcohol, which dissol ves 

it. The barbilloin crystallises on cooling. The isobarbaloin 

is more soluble and remains in the supernatant liquid. ( Pre -

sumobly once the barbaloin has all crystalli sed out , the mother 

liquor will deposit isobarbaloin on concentration. ) The two 

substances are described as crystall ine yello.l sol ids , giving 

the same coloured sol utions in water and alcohol. 
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4.4.9 EX PERIMENT AL . 

CHROMATOGRAPHY OF COMMERCIAL ALOES. 

Seven varieties of commercial aloes .. ere obtained from the 

School of Pharmacy, Rhodes University . These seven varie-

ties were A.Curacao , A. vera, A. Barba dos, A.Natal, A. Socotra , , 
A. Zanzibar and Cape a l oes. Methanolic s ol utions of these 

were run on Sil i ca $el G plates usins as solvent ethyl 

ace tate: ~lacial acetic acid : water (4: 1 :5 ) . 

\lhen observed in dayli~ht, after 16 hours, the samples of 

Cura~ao and Zanzibar a l oes, and to a l esser extent of A.vera 

and A. Barbados all had a mauve spot under the a l oin spot , and 

a mauve spot above aloin in the two former species. This 

l ower spot is isobarba l oin, its Rf be in '!; 0 . 36 " (BOHME & 

KREUTZIG (28) 0 . 38 ) . These spots appeared brown under ultra -

violet l i ~ht. On spra yins with K104 the isobarbal oin turned 

violet purple , while a spot immediately under aloin in Natal 

and Socotra a l oes turned purple , which faded rapidl y . This 

seems t o be the " pe riodat e - positive" compound described by 

" BOHME & KREUTZIG (28 ) . 

A separate pla te was sprayed with HN02 , whereupon the 

isobarbaloin , the spot at Rf 0 . 51 and one at Rf 0. 12 turned 

crimson and l a ter purple in the case of Cura ~ao a l oes, whil e 

the spot a t Rf 051 was present to~ethe r with i sobarbal oin in 

Zanzibar a l oes. The isobarbaloin of both A. vera and Aloe 
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Ba rbados was shown as a crimson spot by the nitrous acid, but 

no other spots were visible, while the spots just below a l oin 

in Natal a l oes and Socotra a l oes were brown (dayl isht colours ) . 

Finally, a pl ate .~a s sprayed with alcoholic KOH, which 

revealed a l oe - emodi n ~s a r ed spot at the front of each 

sample. (It was noteworthy that even the Nat a l a l oe s con-

tained a l oi n , in contrast t o some Nat a l sampl es wh ich cont ain 

homonataloin . It was probabl y tapped from A, cande l abrum or 

A.marlothi i , or even A.thr askii ) . 

When overs prayed with Fast Blue B solution the resins 

became a ppa rent, a ll sampl es havin~ an orange spot extendin~ 

from the base t o Rf 0 . 20 . Only Cape a l oes had an oran~e spot 

immedi a t el y above the al oin spot, while only Zanzibar a l oes 

had a ~reen ish spot (due to KOH ) at Rf 0 . 81, whereas the 

others had a blue spot with KOH (r esin) which turned oran~e 

with Fast Blue B rea~ent . Chromato~rams of the a bove appear 

in figur e 4 (ii) . 

" Thus , as mainta i ned by HORHAMMER and co- workers (Ill ) it 

is possible to differentiate the various commercial species 

chromatographi call y , especially if t he sample of Nat al a l oe s 

contains the more usua l homcnatal oin , a nd if the Cape a l oe s 

(t ype A) contdins a l oinoside. That these species are not 

easily diffe rentiated by chemical tests is shown by 

reference to t abl e 4 (ii i ) . 
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CHEMICAL TESTS ON METHANOLIC ALOE 
SOLUTIONS. 

Type followed by HN0
3 

fumes 

A.vera 

Barbados 

Nat a l 

Socotra 

Zanzibar 

Cape 

deep ye llow 
br own 

ditto. 

ditto , 

ditto. 

ditto . 

ditto. 

ditto. 

sreen then blue 

ditto. 

ditto. 

redder brown 

brown 

:;reen then blue 

no chanr?;e 

crimson - oran~e r ed 

ditto. 

dit t o. 

faint crimson -
rapidl y ~reen 

yell ow brown 

crimson - oran:;e red 

yel l ow brovm. 

It will be noted that the sampl e of Natal aloes :;ives the 

~eneral reaction for Cape a l oes , Hhil e Histedt's reaction , which 

was thou~ht previousl y to indicate homonatal oin specifical ly , 

is ~iven by no fewer than four samples , althou~h the first 

three are me rely varieties of West Indian a l oes . It should 

furt he r be noted that isobarbaloin wa s found to be absent from 

any of the South African Al oe species examined in this work. 

4.5. 1 ALOI NOSIDE . 

" As recently as 1963 , HORHAMMER, WAGNER & BITTNER (Ill) in 

an investi 'sat ion of Cape aloes, described compounds resemblinq; 

a l oi n and which they called a l oinosides A & B. They found that 
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aloinoside B had a laxative effect similar to aloin at a 

dosage of 3 00 mg/K'~ . 

4 . 5.2 STRUCTURE OF ALOINOSIDE . 

In the same year McCARTHY (146 ) noticed similar spots in 

A.africana, which grows profuse l y around Port El izabeth in the 

Eastern Cape , and from this species VAN OUDTSHOORN & GERRITSMA 

(226 ) isolated a loinoside B, which they showed to be a rhamnoside . 

" In 1964 HORHAMMER and co-workers (112 ) isol ated a l oinoside B 

from Socotra a l oes, and showed it to be a loe-emodin- 9- anthrone -

10-D- ~lucosyl-ll-mono - ~-L -rhamnoside . This compound gave 

identica l melting point , U.V. and I . R. spectra and micro -

analyses as that isolated by VAN OUDTSHOORN & GERRITSMA (226 ) . 

It is interesting to note that aloinoside B has a similar U. V. 

spectrum to a l oin, but the I .R. spectrum differs widely . 

4.5 . 3 CHARACTERISTICS OF ALOINOSIDE B" 

A sample of a l oinoside B (kindly supplied by Dr. Van Oudts ­

hoorn ) had the following characteristics: a pal e white t o 

faintly buff coloured compound, with meltiTI'~ point of 234°C. 

It save the same reactions to H2S0
4

, HN0
3 

and NH
4

0H as aloin , 

but its s oluti on in methanol was col ourless t o faint yell ow , in 

contrast t o the deep ye l low colour of methanolic aloin s olution . 

Both a l oinoside and a l oin (methanol ic soluti ons) f luoresce a 
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brirsht yel l ow col our under ultra-violet light , and show no 

blue colour \Then ammon i a solution is added (distinction from 

amorphous a l oin ) . 

In contrast t o a l oin, which is a C- ;lycosyl compound, 

aloinoside has both a C- ; l yco syl and an O- s lyccsyl attachment. 

Thus it can be hydrolysed into a l oin merely by heating with 

5% HC1, whereas hydrol ysis of aloin requires both HCl and 

ferric chloride solution to sunder the C- C bond. 

4.5.4 CHROMATOGRAPHY OF ALOI NOS I DES. 
II 

I nitially it was the work of HORHAMMER et alia (100 ) which 

demonstrated aloinosides A & B in Cape aloes. They reported 

the presence of a l oinoside onl y in sampl es of aloes obtained 

from the Mossel Bay a r ea of the Cape , whereas commercial 

sampl es from the Eastern Cape contained onl y a l oin. Soon after 

this i t Has shown by McCARTHY (146 ), who us ed sampl es of fresh 

a l oe juice a s distinct f r om a l oe lump used by the former worke rs, 

t hat the presence of aloinosides "daS confined t o Al oe species 

-:;rown in t he f·;ossel Bay - George resion of the C,:,pe , but the 

l ine of demarcation stretched further west than Port Elizabeth . 

Thus as far west as Steytlerville aloetic juice conta i ned a l oin 

alone . 

Nevertheless in the Port Elizabeth a r ea, which abounds in 

A.africana, sever al samples of juice showed the presence of 
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a loinoside , which is to be expected from the hybridisation of 

two such closely simil ar species . In fact , it is t o be 

wondered if the species A. ferox found in the Mossel Bay area 

is not a ferox - type "lhich oriq;inally was a hybrid for m of 

A.afric~na and A. ferox, because every sample of A.africana 

anal ysed to date ha s contained a l oinoside. Thus just as 

VAN OUDTSHOORN (227 ) has demonstrated that two cl asses of 

A.marlothii exist in the Transvaal, it may we ll be that the 

ori~inal species that contained homonat a l oin has , in merging 

with A.marlothii , kept its chemical character while l osing its 

physical character. A similar expl anat ion may apply to A. ferox. 

types. 

4.5.5 QUANTITATIVE ESTH-ffiT I ON OF ALOINOSIDE. 

Al oinoside can eithe r be obtained quantitatively by 

crystallisation from the hydrol ysate of a suitable species, 

or estimated spectrophotometrically. Using the former method , 

VAN OUDTSHOORN (227 ) obtained a yield of 3% a l oinoside from 

A africana from the Port Elizabeth area. 

In t his work, a loinoside has been estimat ed as a l oin 

spectrophot ometrically. This invol ves a s l ight error onl y, 

as VAN OUDTSHOO~~ (227 ) has shown the U,V. spectra of a l oin and 

a l oinoside to be nearly identical . Thus , A.africana from the 

Port El izabeth a rea contains 4- 7% a l oinosides (Chapter 9 ) . 
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4.5.6 ISOLATION OF ALOINOSIDE. 

In this work a l oinoside has been found only in Cape aloes, 

in A.a fricana and A. reitzii. Using the solvent system 

chloroform: ethanol (3: 1 ), the aloinosides tend to merge as 

one spot, which is the reason for the higher percenta~e obtained 

above by the spectrophotometric method. The mer~ed spot has 

an Rf of 0.20 - 0.25 on Silica ~e l G. Usin:; this same 

medium, and the solvent syst.em ethyl acetate: methanol: water 

" (100 :16.5 :13 .5 ) , HORHAr-lMER et alia (111 ) have separated the 

two aloinosides into discrete spots, a loinos ide A havin~ an 

Rf of 0 .29 and aloinoside B an Rf of 0 . 31. Aloinosides ; ive 

the same reactions as aloin .vi th the spray rea <;ents use in 

this work. 

4.5.7 DISCUSSION OF THIS CHAPTER. 

Aloin has been demonstrated in 14 species of Al oe , two 

of which (A .africana and A,reitzii ) contained, also , aloinosides. 

Isobarbaloin has net been found in any South African species. 

In addition to the aloin- containin; species reported here, 

VAN OUDTSHOORN & GERRITSMA (226) have found aloin in the follow-

ing species: A. pretoriensis, A. petricola , A.peglerae, 

A.rubrol utea and A. striatula var. caesia . Thus aloin is an 

important and widely spread entity in Aloe species . 
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CHAPTER 5. 

HOMONATALOIN. 

A sample of homonataloin was kindly supplied by Professor 

L . J .. Haynes havin,!: the 

point 200_204°c,GiJ:
7 

following characteristics - meltin~ 

<> 
- III ' 5 in ethanol, and showin ~ U. V. and 

I . R. absorption identical with that of the material used for 

the structural confi~uration of homonatal oin (HAYNES, HENDERSON 

& TYLER (99 )) . This sample was extracted from A.wickensii. 

5 . 1. 1 REACTIONS OF HOMONATALOIN . 

The crystalline yellow sample when dissol ved in met hano l 

~ave a faintly yellow solution which fluoresced pinky bro,m 

under ultra- violet lisht. Addition of 4N ammonia s olution 

produc ed a bri~ht yellow solution ( dayli~ht) which under ultra­

v iolet li~ht appeared a fluorescent blue (distinction from 

aloin but not from amorphous a l oin ) (LISTER & PRIDE (1 41 )) . 

The methanol ic solution , spotted on 0 silica :'1:el plate , <:;ove with 

potassium periodate rea~ent 0 purpl e colour after some three hours. 

The methanolic sol ution wos left to evaporate spontaneously . 

After a few days t hese crystols wer e redissolved, and gave a 

mauve solution . Homonataloin is thus readil y subject to 

methanolysis . 
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Crystals of homonataloin were fine l y powdered. A 

small portion was treated on a white tile with concentrated 

sulphuric acid and gave a deep ye l low col our which, when 

fumes of concentrated nitric acid were blown over it, changed 

throu~h green to deep blue, fading to br own (Histedt's 

reaction ) . A similar portion, when treated with concentrated 

nitric acid, went deep crimson , fading s l owl y to orange 

(this differs from the reaction on the sap of species con ­

taining homonataloin , inasmuch as the r e the chan,~e from 

crimson to oran~e is more rapid - (see section 3.5 . l) . 

In GATHERCOAL & WIRTH (85 ) the observation is made that 

the powder of Natal aloe dissolved in concentrated nitric acid 

assumes a permanent crimson colour , and also gives HISTEDT'S 

reaction, these tests differentiatin~ it from other a l oe 

varieties . Jaffarabad aloe is also reported as giving a 

deep crimson with concentrated nitric acid , but no mention is 

made of HISTEDT'S reaction . 

In the opinion of this writer neit her test can be claimed 

to be diagnostic for homonataloin since it has been shown that 

these reactions are 3iven by several other Aloe species 

(see section 3 . 5 . l) . It is si~nificant that most of these 

species contain a princ i ple which a l so reacts with nitrous 

acid to give an instantaneous crimson-purple colour , as do 

those containing homonataloin. This former principl e tails 
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on thin- layer chromatograms even in dilute solutions of sap, 

and has a l ow Rf value in the chloroform/ ethanol sol vent system. 

5.1. 2 COLOUR REACTIONS OF HOMONATALOD~ wITH SPRAY REAGENTS. 

Spray reagents are of ~reat assistance in the identifi-

cation of compounds separated by chromatographic means . This 

is particularly true of homonatal oin which takes some 24 hours 

to form its characteristic mauve - purple colour, but considerably 

l ess time when spray reagents are used, 

Samples of homonataloin, and of methanolic A.speciosa, 

(which VAN OUDTSHOORN (224 ) had shown to contain homonatal oin ) 

were run on Silica 8el G plate s in Solvent V (chloroform/ethanol ) 

and sprayed with the rea~ents listed bel ow. The colour of the 

homonataloin before spraying was yell ow ( dayli~ht) and fluorescent 

li~ht brown (ultra-violet ) , which after 24 hours changed to 

purple and purplish brown respectively. 

5 . 1 . 3 LIST OF SPRAY REAGENTS. 

(i) KI0
4 

aqueous (saturated solution). 

On immediate spraying the homonataloin was yellowy­

brown (dayl ight ) and broun (ultra- violet ), these col ours 

changing to mauve-purple and purpl ish- brown respectively 

after a period of 4 hours. 
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iii} Ma~nesium acetate 0.5% methanolic solution. 

After sprayin~, the plate was heated at 105°C for 5 

minutes, when homonataloin appear ed bri~ht yellow { dayli~ht} 

and fluorescent lime - yellow {ultra - violet }. 

{iii} Potassium hydroxide 10% aqueous + hydrogen peroxide 3%. 

Equal volumes mixed immediately before use produced 

bri~ht yellow {daylight} and brown {ultra-violet}. Excess 

of spray reagent produces a p,;reen tinge both in daylight and 

ultra violet light . 

{iv } Sodium nitrite 5% a queous, followed by glacial acetic acid. 

This reaE;ent produces an a lmost instantaneous purple - red 

{ dayli~ht} which appears as a deep plum red under ultra-violet. 

The former colour is far more specific. 

{v} a ueous solution followed b 
solution. 

The plate, on warming at 105 0 C for a fel;' minutes, shows 

homonat aloin as a deep reddish purple {daylight }, which under 

ultra- violet li~ht is a deep red . 

{vi } Potassium hydroxide 5% alcoholic. 

" This rea~ent is recommended by BOill~E & KREUTZIG {2$} but 

has nothinp,; to recommend it over the previousl y-mentioned reagents. 

In dayl ight homonataloin appears as a li.;ht brown spot after 

some hours, changin~ t o purplish brovm after only 24 hours. 

Colours under ultra- violet li ~ht are correspondingly deeper . 
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(vii ) Vanillin 3% in absolute alcohol containin.'2; !~ H;:SOq, conc. 

The plates require heating at 105 0 C for 5- 20 minutes, 

whereupon homonataloin appears as a yellowy brovm tin~ed with 

~reen ( dayli~ht), and is greenish brovm under ultra-violet . 

(Under ultra- violet after this treatment aloin and aloe - emodin 

are orange , while s evera l blue spots turn pink ) . 

Chromato '2; raphic investi'2;ation. 

All the Aloe species listed i n table 3 (v) were screened 

for the presence of homonata l oin on Silica gel G plates 

activated at 105 0 C for 30 minutes . 

5 . 2.1 SOLVENT SYSTEMS EMPLOYED . 

Solvent V 

Solvent 0 

. chloroform/ethanol 95% (3:1 ) 

n - butanol/ chloroform (5:2 ) 

Solvent P ethyl acetate/ methanol/water (100:16.5:13.5 ) 

Solvent V was used initially and pure homonatal oin was run as 

a marker. When examined under ultra- violet light a compound 

was observed in several species which had an Rf ve ry similar 

or equal to the homonataloin control marker, and which reacted 

in identical manner to the control homonataloin "'hen treated 

with the spray reagents (i), (ii ) , (iii ) & (iv ) . Thi s 

compound , which appeared to be homonataloin , was present in 

the following species: 
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Aan~elica Pol e Evans 

A.comptonii Reynolds 

A.cryptopoda Bak. 

A. distans Haw. 

A.hereroensis Engler. 

A.lutescens Groenewal d 

A .melanacantha Ber.,!;er 

A.mitriformis Mil l . 

A,munchii Christ i an 

A.mutabilis Pillans 

A.pachy;aster Dinter. 

A.pearsonii Schonl. 

A.speciosa Bak . 
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A .. suprafoliata Pole Evans 

A.wickensii var lutea Reynolds 

CHEMICAL REACTIONS ON ALOE JUICES . 

Methanolic solutions of each of the above species was 

examined on a spotting tile usin~, respectively , concentrated 

sulphuric acid, concentrated nitric acid, and concentrated 

sulphuric acid followed by fumes of nitric acid. 

Al l the species gave the reactions described before for 

homonatal oin, but there ',vere two variations with the nitric 

acid test - A.suprafol iata instead of forminq; an immediate 
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crimson colour slowly ~ave an orange - red col our which deepened 

on standin.g, while with A .angelica only a sli ght darkening of 

the yell ow methanolic solution result ed . 

5 . 2.3 CHROMATOGRAPHIC ANALYSIS. 

It was observed that in homonataloin- containin~ species 

especial ly , the fresh sap rapidly forms an amorphous deposit, 

pa rticularly when obtained from the l arge r species . Methanolic 

extracts of these species were run on Sil ica ~el G plates 

activated at 105 0 C for 30 minutes prior to use, Solvent V 

(chloroform/ethanol ) bein, employed initially. 

This solvent produces relatively large spots , i n contrast 

to the compact, flattened spots produced in Solvent P 

(ethyl acetate/ methanol/Hater ) . The different chromatographic 

pictures obtained are refl ected in the chromatograms traced 

from the ori.gina l pla tes (20cm x 20cm), and from the colour 

photograph of these species, run in the former case in 

Solvent V, and in the l atter case in Sol vent P. 

5 . 3 .1 PHOTOGRAPHY . 

Black- and- white photographs of chromatoplates fluorescing 

under ultra- violet light can be taken without difficulty using 

an ordinary camera and a fast fi lm . These, of course, do not 

produce the characteristic colours visibl e in Aloe species 
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when placed under ultra-violet l ight , and apart from the speed 

with which the permanent record can be made, are in no way 

better than records made by tracing the outlines of each 

spot, which has been delineated under u.v. using a long 

needle . The latter method, in fact, enables lndividua l 

Aloes to be traced with sufficient distance between each t o 

enable the colour t o be written next to each spot, while 

labelling of photographs is extremely difficult. 

Colour photography obviates such a necessity , but although 

immensely superior to trac ings which merely name the colour, 

the col ours produced are not exact reproductions of the colours 

observed under ultra-violet light . The photograph of the 15 

homonataloin species (us ing Solvent P) (figure 5 (i )) were 

taken using Polacolor Reversal Film, f . 4.5 for 85 seconds 

(courtesy fJIr. B. Mann , A. R.P . S . ) . The photograph does, ho,,,­

ever, clearly Sh01! the preponderance of blue colours and the 

multiplicity of different components, in each Aloe species . 

The brown homonataloin spots are clearly shown, while the 

luminous whitish blue spots at Rf 0,40 are a l oesin (section 

8.7. 12). 

5.3 . 2 LOCALISATION OF SPOTS . 

IJhen vie~'ied under ultra - violet light, each species was 

observed to have a spot fluorescing with the same characteristic 
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hydrolysis of the homonatal oin to mono- o- methyl nataloe - emodin . 

VAN OUDTSHOORN (227 ) ha s described the dayli~ht colours of 

methylna t a l oe - emodin and nataloe - emodin with ma s . a cetate as 

oranje and violet respectively , hence differentiation is 

possible . Thus no free anthraquinones occurred in these 

species . 

However , both with this rea~ent , and with the alcoholic 

KOH, several ye l l ow spots ,[Are observed. Accordin~ to BETTS 

et alia (IS ), combined anthraquinones ~ive yellow to orange 

colour on treatment with ma gnes ium a cetat e. SHIBATA et a lia 

(196 ) describe the colours of several hydroxyanthraquinones 

as orange, only rubiadin formin~ orange - ye l low . As stated 

before , yell ow spots which fluoresced bright yellow under 

ultra -violet light have been observed in several species 

i.e. A.mitriformis, A.distans and A.comptonii (all at Rf 0 . 60 

where homonatalo i n was 0.66 ) , and at Rf 0.27- 0.29 in the 

species A.munchii, A. lutescens , A.wickensii var . lutea, 

A.melanacantha, A.mutabilis , and A. speci osa. These are 

probably resins . MARY et alia (145 ) have reported an a nthranol 

in Cura~ao , Cape and Socotrine aloes as also in commercial 

aloin and cascara sagrada, which ~ave a ye llow colour with 

alkalies "instead of the orange or pinkish colour characteristic 

of the other anthracene drugs" : which further gave a yellow 

colour with magnesium acetate : and which exhibited no absorption 
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peak at any wave l ensth ove r a wide range of the ultra-violet 

and visible spectrum. 

KHORANA AND SANGHAVI (120 ) observe that sennidin A & B 

both produce a yellow colour with alcoholic sodium hydroxide 

which slowly chan?;e s to viol et on standing. A violet colour 

was observed on sprayin~ A.mitriformis with alcoholic KOH, 

but it appeared fair l y rapidly. The production of a mauve 

colour which tails even in dilute concentration has been 

mentioned for both the ma ~ne sium acetate and ni trous acid reagents, 

and a l so occurs with potassium periodate. It mi~ht conceivably 

be the case that dianthrones , which occur in Rheum, Frangula 

and Cassia species, also exist in Aloe species. The tailing 

of the compound even in low concentration is concordant with 

a substance of hi~h molecular wei~ht . 

5.4 .1 EXTRACT I ON AND SPECTROPHOTOMETRY. 

The 15 species described in this chapter \ve re chromato3;raph-

ed in Solvent V on small Silica .gel G plates . These, ,,,hen 

suitably developed , were visualised under ultra-violet light, 

and the brown homonataloin spot carefully scraped off and 

placed into small test tubes. The contents of each tube was 

dissolved in methanol , and filtered through fine filter paper . 

The resulting filtrates were examined and recorded uSin'S 

a Beckman D.B . automatic recording spectrophotometer. To 
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obtain a measure of uniformity, each solution was diluted 

(if necessary ) to give an initial transmission at 390 m~ of 

80% to 90%. The peaks recorded for the 1 5 species appear 

in figures 5 (iii ) & 5 (iv ) , where they have been arran~ed in 

descending order to enable a comparison to be made . 

quently, extinction values are not quoted. 

Spectrophotometric Differences in Species . 

Conse -

It will be observed from figures S(iii ) & 5 (iv ) that the 

15 species fall into two broad groups, which shall be termed 

Group X and Group Y. 

5 . 4.2 GROUP X. 

According to HAYNES et alia (99 ) , homonataloin has the 

fol l owing maxima : 347 , 294, 273 (infl ), 250 (infl ) , 222 mr . 

The following species have a l most identical peaks, although the 

inflection at 250 m~ is in several cases very small: 

A . an~elica, A.speciosa, A.suprafoliata, A. lutescens, 

A.crvptopoda, A.wickensii var. lutea , A.mutabilis , A.melana ­

cantha, A.munchii, A.pachv~aster , A.hereroensis. 

In the case s of A.hereroensis and A.pachy~aster the inflection 

at 273 m~ is absent . 

GROUP Y . 

In four species , namely A.mitriformis , A.distans, 

A. comptonii and A. pearsonii, the spectral picture varies from 
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Group X, with maxima at 347 , 290 , 273 (infl), 252, 244 , 222 m~. 

The fnfl ection a t 273 m)l is weak, while the peaks at 252 

and 244 m)l are small but sharp. It has been observed 

~ection 5 .3 .3 ) t hat three of these spec ies i . e. A.mitriformis, 

A. distans and A. comptonii, belong to the Serie~ La tebracteat ae , 

and had been shown chromatographically to contain a similar 

principle just be l ow the homonata l oin. No such principle was 

observed in A. pea rsonii, hovever . 

Postulating tha t impurity from a confluent s pot was 

causing the different spectral picture, these four species 

we r e run in Solvent P, r emoved as previously described, and 

their peaks recorded . It at once became obvious that the 

spectral pictures f or t he species in the two solvent s were 

i dentical . Professor Haynes (personal communication ) 

suggested tha t since some Aloe species contained i s omeric form 

of a loin , namely a l oin (barbaloin ) and i soba rba loin, the possibi ­

lity existed of there being both homona taloin and a. isomeric 

form thereof. Later work , however , showed that these peaks 

we re due to r es ins. (McCARTHY & PRIC E (1 48 )) . 

EXT RACTION. 

In most cases the sampl es of sap used ,[ere from one or 

two l eaves kindly donated from the gardens of Aloe collectors, 

and in consequence the amount of material ava ilabl e was very 
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small. Fur thermore , those samples underwent repeated usa~e , 

whil e repeated extraction with methanol and other so l vents 

had caused hydrolysis to take pl ace in all sampl es. As a 

consequence thereof the method of micromel ting po i nt de t er­

mi nations successfully appl ied to a l oin - containinc; spec i es 

(s ection 4.2.5 ) coul d not be a pplied , as the compound t urned 

purpl e a t temperatures c i rca 170- 180oC on t he heatin~ bl ock 

of t he meltin~ point appara~us . 

A. SPEC I OSA, 

A. speciosa grows free l y bot h in Port Eli zabet h and Gra hams­

town , and several l eaves \-fere collect ed from an A. s peciosa 

pl ant R;r owinR; i n a ~rove of A.s pec i osa some ten miles out s i de 

Gr ahamstown. 

I n essence the method of HAYHES and co -workers (99 ) fo r the 

i s ol ation of homonata l oin f r om Na t al Aloes .,as employed as 

follows : To 8~ sap , dried at 100oC, was added 16 ml ace t one , 

and the suspension shaken occasionall y during 24 hours . 

The suspension ;vas then f iltered under r educed pr essure 

throu~h fil t er pa per, and the red f i lt r ate r eserved (A) . 

Undissolved solid (B) (circa 5g ) was refl uxed wi t h 50 ml 

of 60% alcohol for 30 mi nutes on a waterbath and then fi l te r ed. 

The fi l trate (C) was set aside overni,ht to crystall ise. The 

residue (D) which remained on the f ilter (c i rca 0.5g ) was 
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insoluble in methanol, ethanol , ch l oroform , to luene and water. 

The sol ution (e ) deposited a crop of circa 100 m~m of 

shiny yellow crystals, a portion of v,hich WfIS'¢ chromatographed 

after acetone - I-lash i ng on a filter , together with (A) and (B) 

which has been reserved . 

(A) contained all the components normal l y found in 

A.speciosa , while (B ) and the mother-l iquor from (e ) were i denti ­

cal, but differed from (A) 5.n that t ,lQ spots (brown and gr ey-

brown) were absellt. The crystalline homonataloin chromato-

graphe d pure , but was re - cr ystallised once from methanol to 

give a melting point 201o_204°e (uncorrected ) . 

5 . 4.5 A • eOMPTONII . 

Several leaves of this species were kindly suppl ied by 

a Port El izabeth collector. However , as the sap yielded was 

far l e ss than the amount obtained from the A. speciosa, the 

acetone extraction used for A.speciosa was omitted . 

0 . 5g dried sap from A.comptonii was refluxed for 1 ho ur 

with 20 ml alcohol 60% , filtered hot and the filtrate l eft 

overnight . As no precipitat e hctd formed, the fil trate was 

concentrated to half its volume , whereupon a glue - like preci -

pitate resul ted . This was discarded and the clear fi ltrate left 

overni!;ht. The resul tino; crop of ye l low-bro\VIl crystals \'ldS 

washed with 20 ml ':rater and dried at 50oe . The melting point 
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of the dried crystals was 1990 - 204°C , so that they were re-

crystallised twice from methanol, whereupon the ultra - violet 

spectrum and melting point (202 0 - 204°C) of homonataloin were 

obtained . At a later date it was ascertained that the 

impurity was in fact resinous in nature . 

A .. MITRIFORMIS . 

Usin~ the method described by VAN OUDSTHOORN (224 ) 0 . 32g 

dried sap (obtained from a pl ant growin~ in the Albany Museum~i,.'n ds) 

was refluxed with 3 ml methanol for 30 minutes on a water 

bath, and filtered hot . This sampl e took several da ys to 

crystallise, due to the high resin content, and was obtained 

impure. Re - crystallisation from methanol was extremely slow 

with consequent methanolysis, and so the impure crystals were 

recrystallised from isobutyl alcohol as star- shaped cluste rs 

havin~ a meltin~ point of 202 - 204°C, but showing sli~ht round -

The spectra of both A. comptonii and 

A.mitriformis assumed the form of pure homonataloin after this 

purification, eliminatin~ the peaks caused by contaminating resin , 

which has peaks (section 5 . 4 . 3) at 295mu, 252mvand 244mp. 

Althou~h further samples of A. distans and A. pearsonii could not 

be obtained, there is no doubt that the peaks at 252mv and 

244mv in these species were also due to the presence of resin 

\vhich had merged with the homonataloin spot . 



l2 ~. 

Interference due to resin is also refl ected in the ultra­

violet spectra of A.pachv~aster and A.hereroensis, the parti ­

cular resin being later revealed (by use of Fast Blue B reagent ) 

at the base of the homonataloin spot ( fi~ure 8 (iii)) . By 

using Solvent 0 (butanol: chloroform 5:2) it was possible to 

raise the resin impurity in these species, where it appeared 

as a blue halo around the homonataloin, which f luoresced reddish 

instead of its customary brown colour. 

5.5 . 1 DISCUSSION . 

The presence of homonataloin in a relatively lar~e number 

of species shows that, a l ong with aloin and chrysophanol, 

homonataloin could be used as a basis for a chemical taxonomic 

grouping of several Aloe species. The intimate mixing of resin 

and glycanthrone in several species makes direct meltin~ points 

from an eluted chromatographic (sil ica gel ) spot virtually 

impossible, in contrast to aloin- containing species. However , 

in several homonataloin-containing species the resin content 

is so low that direct extraction and crystallisation of 

gl ycanthrone is f a r easier than with aloin- containing species . 
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SCREENING OF ALOE SPECIES NOT CONTAINING ALOIN OR HOMONATALOIN. 

6 . 1 . 1 IIJTRODUCTION . 

Several Aloe species chromato~raphed in the solvent 

system chloroform/ethanol 95% ():l) had shown neither aloin 

nor homonataloin, dhich due to their characteristic fluorescent 

colours under ultra violet li~ht are easily detectable . 

The spot test techniques employed usin~ nitrous acid had 

indicated that apart from those species containin~ homonataloin, 

which ~ave mauve to purple colours with nitrous acid, several 

Aloe species not containinG homonataloin similarly ~ave mauve 

to purple colourations, and this was further observed ,vith 

both dithranol and chrysarobin, which contain anthraquinone 

derivatives . 

Consequently, since these Aloe species had shown several 

spots when chromatographed in the solvent employed for aloin 

and homonataloin, it was decided to screen these species using 

several solvent systems . The Aloe species studied in this 

manner are as follo·.ls: 

6 .1.2 

A. grandidentata Sa 1m Dyck 

A.longibract eata Pole Evans 
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A.simii Pole Evans 

A.fosteri Pillans. 

A.dyeri Schon1. 

A.ammophil a Reynol ds 

A.petrophylla Pillans. 

A.branddraaiensis Groenewald 

A.saponaria (Ait.) Haw 

A.chabaudii Schonl . 

A. gl obuligemma Po l e Evans 

A.karasbergensis Pillans. 

A. l ongistyla Bak. 

A. pratensis Bak. 

A. polyphylla Schonl . 

A.reynoldsii Letty . 

A. broomii Schonl . 

None of these sampl es was freshly collec t ed , and all had 

f r equently been extracted with methanol . 

6.1. 3 SOLVENT SYSTEMS. 

The fo llowing solvent systems were empl oyed : 

z 
Y 

X 

Toluene (paper ) 

Benzene:~lacial acet i c acid 

Isopr opyl ethe r (T .L.C. ) 

2 :1 (T .L .C.) 
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W Toluene/petrol ether (paper ) 

CHC13/ethanol, 95% 3 :1 (T .L.C. ) v 

U Ethyl aceta t e/ n - propanol/water/acetone 50:15 :15 :30 (T .L . C. ) 

T Acet ic acid/ formic acid/ethyl acetate/water 3:1:18:4 (paper ) 

S Butanol/ethanol 95%/water 40 : 11 : 9 ( pa per ) 

R n - propanol/ethyl acetate/wa t er 4:4:3 (T .L. C. ) 

Q Benzene/carbon tetrachloride 1:1 (T . L . C. ) 

6 .1.4 TOLUENE : SOLVENT Z. 

\vhatman No. 1 paper was used, an accommodation time 

of 1 hour being employed; (ascending chromatography, at 

room temperature. ) This solvent was used for a ll the Aloe 

species listed except A.broomii. It was found that paper 

chromatography is not as sensitive as the thin-layer chromato-

graphy for detecting hydroxyanthraquinones, and visualisation 

both by spraying and by using ultra- violet light is more diffi -

cult with the f ormer. Consequently multiple spotting was 

used after it had been found that the usual pipette volume (6 ~l ) 

gave scarcely- discernable spots. Furthermore it was found 

that cold methanolic extracts of the saps gave far weaker reac ­

tions than when the saps were extracted (cold extraction ) with 

chloroform/ethanol (3:1). 

Certain spots were visible which when sprayed with alcoholi c 

KOH turned pink, indicating hydroxyanthraquinones. 

values thus obtained are listed in table 6 (i) . 

The Rf 
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Table 6 (i) . 

Aloe. Col our ,"ith KOH . Rf. 

A.grandidentata pink 0 . 99 

A. lon<e;ibracteata pink 0.99 

A. simii pink 0.99 & 0.56 

A. fosteri pink 0 . 99 

A.dyeri pink 0.99 & 0 . 57 

A.ammoEhila pink 0.99 & 0 . 63 

A'Eetrophylla pink 0.99 

A.branddraaiensis oran<se - pink 0.99 

A. sapona ria pink 0.99 

A. chabaudi 0 . 99 

A.«;lobuligemma 0.99 

A. karasberq;ensis pink 0.99 & 0.12 
(tailing ) 

A. lonq;istyla 0 . 99 

A' Eratensis 0.99 

A.:eolzphylla 0 . 99 

A. reynoldsii 0.99 

methanolic Rheum extract pink 0 . 98 

6.1. 5 BENZENE: ACETIC ACID GLAC IAL (2:1 ) SOLVENT Y. 

Methanolic solutions of the 17 Aloe species \Vere run on 

Silica gel G in the above solvent system, and sprayed with 



alcoho l ic KOH 5%. 

followin'!;: 

Table 6 (ii ) . 

Al oe. 

A. e;randidentata 

A.lon~ibracteata 

A. simii 

A fosteri 

A .dyeri 

A . ammophila 

A.petrophylla 

A.branddraaiensis 

A.saponaria 

A.chabaudii 

A.karasbere;ensis 

A.polyphylla 

A.reynoldsii 
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Pink- red spots became visible in the 

Colour with KOH . 

pink (weak ) 

pink (weak ) 

pink 

pink- red 

pink 

pink 

pink 

pink- red 

pink 

pink- red 

pink - red 

pink- red 

pink (weak ) 

Rf . 

0 . 9$ 

0.9$ 

0 . 9$ 

0.9$ & 0.91 

0.9$ 

0 . 9$ 

0 . 98 

0.9$ 

0.9$ 

0 .9$ & 0.09 

0.9$ & 0 . $7 

0.9$ & 0 .15 

0.9$ 

When these 17 Aloe species were extracted with petrol ether 

and run in this solvent all ran as a yel l ow front . 

6.1. 6 ISOPROPYL ETHER. SOLVENT X. 

Methanolic extracts of the 17 Aloe species excludin,!; 

A. broomii "ere run on Silica <;e l G plates, and the plates 
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sprayed separately with alcoholic KOH 5% and methanolic 

ma~nesium acetate 0.5%. The results are recorded in 

tab l e 6 (iii ) . 

Table 6 (iii ) .. 

Aloe. Colour with Rf. 
KOH L MgAcetate 

A.simii pink red 0.98 

A. fosteri pink red 0.98 , 0.83 , 
0.16 

A. dyeri pink red 0.98 

A.ammophila pink red 0.98 

A branddraaiensis pink red 0 .98 

A. chabaudii pink red 0.98 

A.karasber'2;ensis pink red 0.98 , 0.83 

A. Eoln~hylla pink red 
0 . 12 

The 16 spec i es were then extracted with petrol ether (cold ), 

but none ran in Solvent X. 

6.1. 7 TOLUENELpETROL ETHER . SOLVENT" . 

VAN OUDTSHOORN (227 ) has reported excellent separation of 

Aloe constituents on paper using the systems toluene / pentane. 

The samples are run 5 cm in to l uene using ascending chromatography, 
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the papers removed and dried , and then run a further 5 cm in 

pentane. In this manner a separation of chrysophanol and 

physcion can be achieved by the pentane, whereas rhein, a l oe -

emodin and emodin, which migrate in the toluene , remain 

stationary in the pentane phase . 

As pentane was not available , petrol ether (40- 600 ) was 

substituted. Accommodation times of 30 minutes and 15 minutes 

respectively were used for the toluene and petrol ether, and 

methandic extra cts of Aloes ~randidentata, longibracteata , 

simii , fosteri, dyeri, ammophila , petrophylla , branddraaiensis 

and saponaria, were spotted onto Whatman rJo . l paper which was 

marked at the 5 cm and 10 cm hei~hts . Using toluene/petrol 

ether , satisfactor y separation was obtained ;'lith the toluene, 

but, there wa s no further migration usin<s the latter solvent. 

Rf values a re recorded in table 6 (iv ) for the toluene separation 

only 

Table 6 ( iv ) . 

Aloe. 

A.grandidentata 

A.longibracteata 
A .. simii 

A.fosteri 
A.dyeri 

A . ammophila 

A. petrophylla 

A.branddraaiensis 

A.saponaria 

Rf. 

0 . 99 

0 . 99 (weak ) 

0 ,99 & 0 . 57 
0 . 99, 0.32, 0.16 
0 . 99 & 0 . 57 
0 . 99 (weak ) & 0.63 

0.99 

0.99 (weak ) 
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6.1. 8 CHLOROFORM/ETHANOL 95f> (3:1 ) . SOLVENT V. 

Since a~lycones had been shown in several of the afore ­

mentioned species by means of the spray reagents alcoholic KOH 

and magnesium ace tate, it was decided to examine these species 

for the presence of sugars and/or ~lycosides, particularly 

as VAN OUDTSHOOm: ( 224 ) had reported a glycoside in A. saponaria 

which on hydrolysis yielded chrysophanol . 

The tabled Aloe species were run on Silica ge l G plates 

in Solvent V, then sprayed with perioda te / starch reagent, where 

su~ars and/or glycosides are revealed as white spots on a mauve 

background, the Rf values of which appear in tabl e6 (v ) . 

Table 6 (v ) . 

Aloe. 

A.~randidentata 

A longibracteata 

A.simii 

A. fosteri 

A. dyeri 

A.ammophila 

A. petrophylla 

A.branddraaiensis 

A.saponaria 

A. chabaudii 

A karasbergensis 

Rf. of sugar/gl ycoside . 

0 . 07 

0 .10 

o 10 

0.10 

0. 10 & 0.21 

010 

0.10 

o 10 , 0.15 , 0.37 
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The above were re-run in Solvent V on Silica ~el G and 

sprayed with p-anisidine HC1 , and thereupon heated at 1000C 

for 5 minutes. BrO'rm spots formed indicating cis - hydroxyl 

redu,cing ;roups, but as no spot exceeded an Rf of 0 .10 , the 

17 species were run on Silica ";e l G in Solvent U, which also 

did not give good separation , hence paper chromatography was 

resorted to for separation of su~arslglycosides. 

Thin-la yer chromatography on Silica gel G of the remaining 

six species not appearing in table 6 (v ) gave interesting 

results . Solvent V was once again the system employed. 

Duplicate pl ates were run, one being sprayed with alcohol ic 

KOH, the other with periodate/starch rea~ent , In the former 

case both aglycone s (red ) and possibl e glycanthrones (yel l ow ) 

_"ere seen, Hhile several spots appea r ed with the periodate/ 

starch reagent, indicati~sugars or glycosides. 

The results appear in table 6(vi). 
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Table 6 (vi). 

Colour. eriodate/ 
Aloe. Rf. U,V. K.O . H. starch 

0.13 white 
0 . 32 white 
0 .45 white 

A.longistvla 0 . 27 yellow 
0 .41 yel l ow 
0 . 60 yellow 
092 yel l ow 

A.prat ensis 0 .26 pinky orange 
0.36 grey 
0 . 83 pinky orange 
0 . 20 white 
0.32 white 
0 · 45 white 

A. polvphylla 0 . 32 white 
o 44 yellow intense yel l ow 
0 . 58 yellow pink 

A. broomii 0.44 yellow 
0 . 59 yellow yell ower 

A. reynoldsii No result. 

The reactions of A.polvphylla with a lcoholic KOH suggest the 

presence of both a glycanthrone (Rf 0.44 ) and an aglycone 

(Rf 0.58 ) . It is surprising that since A. broomii has spots 

at a l most identical Rf's to those of A.polyphvll a , identical 

results with the KOH spray were not ob tained . 
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6.1.9 SUGARS AND/ OR GLYCOSIDES . 

The previous work had indicated the presence of spot s 

which indicated either su.,<;ars, .'slycosides or both. Where 

a~lycones were a lso present in a species t he possibility of 

a ~lycoside having existed , and having been hydrolised by 

frequent solution in methanol, coul d not be overlooked. 

Consequently use was made of the Solvents T, Sand R primarily 

for the separation and detection of s ugars or ~lycosides. 

6. 1.10 ACETIC/ FORMIC / ETHYL ACETATE/ WATER (3:1:18:4 ) SOLVENT T . 

Descending chromato<;raphy on Ilhatman No. 1 paper was used, 

with no accommodation time . The tank was satur ated with the 

vapour phase, there bein<; solvent both in the base of the tank 

and in the trough for several hours . The papers were a llowed 

to run overnight , with consequent elution of solvent from the 

base, wh ich gave good separation of the components of the sugar 

mixture used as a marker. This marker consisted of 2% w/ v 

solutions of each of the following :- D- ribose , D- galactose, 

D-arabinose and L-rhamnose . 

In the Al oes longibracteata, dyeri, ammo phila, saponaria, 

branddraaiensis and petrophylla the reagent p- anisidine HCL 

showed spots at the base of the ga lactose marker and almost 

on a line with the arabinose marker. However , these spots 

were faint, and the possibility existed that the methanolic 
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solutions of the other saps run had been too weak to show a 

positive reaction . The l ocation of the spots near the base of 

thef!;al actose marker indicated that for this solvent system 

'l;lucose might be present, and so D- 'Slucose was incl uded in the 

marker mi xture. 

When the duplicate paper l'laS sprayed with periodate / starch 

rea,'Sent a col ourless zone became apparent in A pratensis 

between the arabinose and ribose markers , whilein A. chabaudi 

t he yel l owy white spot was very close to the ribose markers. 

In the case of A. polyphylla a mauve spot formed with the 

periodate , as does homonataloin , which th i s species does not 

contain. 

T~w further chromato.=>rams were run in Solvent T by the 

descendin'S method on Whatman No . 1 paper, using the 5- sugar mi x ­

ture as marker . After about seven hours (ca 40 cm l enf!;th ) 

the papers lfere removed, dried, and viewed under ul tra - viol et 

li'Sht . From this it was clear that the pi'Smented spots had 

mi'l;rated towards the front, that is, had Rf va l ues exceeding 

0 . 60. Streaking was observed due to the mul tipl e spotting , 

especially of blue fluorescent pigments . A clear 'Sreenish 

spot was observed at Rf 0 . 35 in Asaponaria . This is probabl y 

a f l avonoid . 
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Further visualisation. 

a) p-anisidine He} spray. This rea.sent appears to be more 

sensitive than the periodate/starch reagent . The sugar markers 

had separated well, with the exception of 'Slucose and galac­

tose, which are normally difficult to separate . 

Once again a spot not quite on the Rf of the two arabinose 

markers (l,fhich were on either side of the Aloe species ) was 

observed in the following species; A.grandidentata, 

A. lonrsibracteata, A. simii (weak ) , A.ammophila, A.petrophylla, 

A.branddraaiensis and A. saponaria. The col our of these spots 

was yellow in contrast to the brown of the arabinose markers. 

A spot opposite the base of the galactose/gl ucose markers 

(and therefore corresponding more to the latter) was observed 

in each of the species run, name l y: A.grandidentata, A. longi­

bracteata, A.simii, A.fosteri, A.dyeri, A ,ammophila , A.petro­

Phylla, A, branddraaiensis, A· Saponaria, A. chabaudii., A. prantensis 

and A.broomii . Other spots were observed in some of the species 

and these are recorded in table 6(vii ) , where the Rf values 

quoted are relative to the arabinose markers taken as 100. 
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Table 6(vii) . 

Aloe. 
Rf arabinose 
(p-anisidine 

A. simii (weak ) 

A.fosteri (weak ) 

A.dyeri 

A.ammophila 

A, petrophylla (weak ) 

A.branddraaiensis (weak) 14 

A.saponaria 14 

A.chabaudii 

b ) periodate/starch spray. 

28 

28 

28 

28 

28 

28 

100 

HC1 ) 

52 

52 

52 

52 

Rf arabinose lOO 

(periodate/ starch ) 

25 

25 

25 

25 

25 

Apart from the above spots , periodate/starch reagent reveal ­

ed spots close to the Rf of arabinose (R94 ) in A. l ongibracteata, 

A.petrophylla , A. branddraaiensis, A. saponaria, A. chabaudii, 

~nd A. pratensis, but only three species (A.grandidentata, 

A.saponaria and Achabaudii ) had spots opposite the galactose/ 

glucose marker , which Vias less spots than that revealed by the 

p-anisidine HCl spray. In contrast however, periodate/starch 

revealed weak spots in both A grandidentata and A.lon.gi­

bracteata (R37 ) not revealed by the former spray. 



6.1.11 BUTANOL/ ETHANOL 95%/WATER (40:11 :9 ) SOLVENT S. 

Whatman No , l paper .vas used with this solvent. Usin~ 

the descending technique described before, but spotting the 

:e;alactose and glucose markers separatel y, it .vas ascertained 

with p-anisidine HCl spray reagent that the spots observed pre ­

viously agreed exactly with the gluc ose marker, the ~a lac tose 

bein~ clearly seen to be at a lower Rf. Spots at the startin~ 

l ine showed that the other reducing components had not migrat ed 

in this solvent system . 

6 . 1.12 PROPANOL/ETHYL ACETATE/WATER (4:4:3 ) SOLVENT R. 

The 17 named Al oe species were run on Silica gel G plates 

in Sol vent R. Spraying with periodate/ starch reagent reveal ed 

several white spots on a blue back~round . All the species had 

a spot directly in line vii th the D-gl uc os e run as marker . 

This confirms the results obtained wi th Solvents T and S. Six 

of these species had spots at a higher Rf than the glucose marker, 

and these species were run on Silica gel G in Solvent R in 

smaller concentration to give smaller spots, especially of 

those above the Rf of the glucose marker . 

Although both plates had been activat ed under the same 

conditions, the time taken to spot the first plate with the 

17 species and control markers was far l on,?;e r than for the 
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second plate , which r equired only 10 spottings. In conse -

quence the Rf values differ , as do the R glucose values. 

Consequently the Rf values of the ~lucose and the other observed 

reducin~ sugars are ~i ven in table 6 (viii ), where their posi -

t ions relative t o ~lucose can be asce rtained. 

Table 6 (viii ) . 

Rf. of observed spot. 

0 . 42 (D- gl ucose ) 

0.24- 0.26 

0 .1 - 0. 12 

Aloe species having this spot. ---.-

All 17 species. 

A.simii , A. dyeri, A.ammophil a, 
A.saponaria, A . ~lobuli ~emma , 
A. karasber,q;ensis & Rheum B. P. 

A.lonjibracteata , A. simii, 
A. dyeri, A.petr ophylla, 
A.branddraaiensis, A. saponaria , 
A.chabaudii , A. o.;lobul iq;emma , 
A.ka r asbergensis, A.pratensis 
A. polvphylla & A. reynoldsii. 

In table 6 (ix ) are recor ded the Rf values obt ained for the 

six species run on the second pl ate , with a cold methanoli c 

ext ract of Rheum B. P. and glucose as markers . 



Table 6 (ix ) . 

Rf . of observed spot. 

0 .15 

0 ,38 

0.53 (glucose ) 

0 . 63 

0 . 69 

0 . 79 

0 . 88 & 0.94 (two merged 
spots ) or 0 . 91 

145 . 

Species having this spot . 

A.petrophyl la , A.s2ponaria, A. chab­
audii , A.~lobuli~ernrna . 

A. petrophylla, A. saponaria . 

A.petrophyll a, A.saponaria , 
A.chabaudii, A. glo buI lgemma, A. pra ­
tens is , A. polyphylla , & Rhe.urn B. P. 
extract . 

A. chabaudii , A . ~lobulir;emma , A. pra ­
tensis, A. polyp ylla. 

A. petrophylla, A.saponaria, 
A. chabaudii , A.globuligemma, A. pra ­
tensis (tailing ) & Rheum B.P . 
extract . 

A petrophylla, A,globuli!l;emma, 
A. pratensis (tailing ) 

A.petrophylla and Rheum extract 
A. saponaria , A, chabaudii, 
A. c;lobuligemma, A. pratensis (tailing ) 

In the above table 6 (ix ) all the spots having an Rf higher than 

0.53 were initially yellow or a s in the case of A. petrophylla, 

bl ue under u.v . Furthermore, in all the species except 

A. grandidentata , A. reynoldsii and A, pol yphylla , a bright orange 
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fluorescent spot was ob3erved at the solvent front. 

Anthraquinone derivatives. 

The 17 Aloe species were run on Silica 3el G in Solvent R 

and observed under ultra violet light . Several spots were 

seen to fluoresce ye l lm'l or orange. Bl ue f l uore s cent spots 

were noticed onl y in A.petrophyl la , A. o;l obuligemma a nd 

A .kar asbergensis. This chromatogram was then sprayed vii th 

methanol ic ma~nesium acetate spr ay , heated at 1000C for 

10 minut es , and observed both by dayl ight and under ul tra - viol et 

li~ht. Methanolic extract s of cascara and fran~ula barks 

and of senna l eaves were run as markers. 

Result. 

Red spots '·Jere observed at the fron t s of the fol l owinc; 

Al oe species: A. simii , A.fost eri , A.dyeri , A.ammo phila , 

A.petrophylla (weak ) , A. br anddraaiensis , A. sapondr ia, 

A.karasbergensis. Similar spots were obs erved in the cascara 

and fran ~ula extra cts. 

In A . ka rasber~ensis , A. pratensis and in the senna ext ract , 

a pink spot at Rf 0 . 64 was a l so obser ved. Deep oran·se 

col ours "Jere observed in A .1ol12;ist yl a (front ) and in 

A.reynoldsii (Rf 0 . 90 and 0 . 85 ) and in cascara and senna 

(Rf 0.80 ) . These co l ours are indicative of hydr oxyanthr aquinones. 



A bri~ht fluorescent yell ow colour unde r u . v. light 

suggested anthraquinone ~lycosides in t he followin-s species: 

A . ~randidentata (Rf 0 . 63 ) 

A.dye ri (Rf 0 . 64 ) 

A, saponaria (Rf 0.63 and 0 . 94 ) 

A. polyphvlla (Rf 0.79 and 0 . 70 ) 

6 . 1.13 BENZENE/CARBON TETRACHLORIDE (1:1 ) . SOLVENT Q. 

The 17 species were run in this solvent on two pla t es of 

Silica ge l G, using chrysophanol (kindly suppl ied by 

Dr. van Oudtshoorn ) as markers on each end. No similar spot 

was observed either by dayli'Sht, ultra - viol et li ~ht, or after 

spraying with a l coholic KOH . This indicates that the 

anthraquinone derivatives described before a r e not chrysophanol . 

6.2. 1 DISCUSSION , 

The presence of glucose has been shown in a l l of the 

17 Aloe species discussed in this chapter . It is probably 

there as a product of plant phot osynthesis rather than as a 

hydrolysis product of unidentified ~lycosides. Neverthe l ess 

the presence of several other sugars or ~lyc osides has been 

detected in the fol101'Tin~ species: 

A . ,<;randidentata , A . longibracteat a , A, dyeri, A. ammophila , 

A. petrophvlla, A. branddraaiensis, A. saponaria, A. chabaudii, 
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A. polyphyl la , A . %l obuli ~emma , A. pratensis and A. broomii. 

By means of the spray reagents a lcoholic KOH and methanol ic 

magnesium acetate, possible hydroxyanthr aquinones ha ve been 

shown t o exist in A. simii, A. fosteri , A.dve ri , A.ammophil a , 

A. petrophyl la, A. branddr aaiensis , A. saponaria, A. chabaudii , 

A.karasbergensis , A. polyphylla and A.reynol dsii. 

6 . 2 . 2 Rf VALUES . 

The Rf value s of components on thin- layer chromat og rams have 

not been reproducible , even thou;h use has been made of the same 

capacit y development tanks, and machine - made plates of 

(presumably ) uniform layer thickness , activated for equal 

periods of time i n one oven at 105 0 C for 30 minutes. It is 

fe lt that the ma in fac t or causin~ difference s of Rf for the 

same components on different plates is the length of spotting 

time r equired , and until this time is quoted as standa rd proc edur e 

a long with the activatin~ time, 

much of thei r si~nificance. 

etc. , p~blished figures l ose 

It is far mo re satisfactory t o be able t o run a standar d 

substance as a marke r . Unfortunately in the case of Aloe 

species , insufficient is known about the chemistry , excludin~ 

anthraquinone derivatives such a s a l oin , aloe - emodin , 

homonatal oin , mono- o-methyl natal oe - emodin and chrys ophanol . 



,{ork on the Coprosma speoies by BRIGGS and co - workers (36 ) 

- (40 ) shows. the mul tiplicity of anthraquinone derivatives 

existin<s i n only relatively few species . Rec ent wo rk on 

senna , oascara and r hubarb shows the same picture. It i s 

therefore probable that in Aloe species far more anthraquinone 

derivatives are yet t o be di scovered . 

2..:..2 . 3 

\lith re'Sard to the 17 Aloe species discussed here , it 

is si~nifi cant t hat severa l species have the same component 

common to them when run i n different solvents . Thus the 

classification of Aloe specie s with the a ssistance of chemical 

taxonomy may possibly be ut ilised , since VAN OUDT SHOORN & 

GERRITSMA ( 226 ) have shown by means of chemica l taxonomy 

that the Section Anguialoe Reynolds is homogeneous \li th respect 

t o anthraquinone a ccumul a t ion , a l oin having been isolated 

from all five of the South African species contained therein. 

Apart, therefor e , from major anthraquinone derivative s such as 

a l oin, minor anthraquinones , sugars and other components may 

conceivably Ctssist in the confirmation of, or SU!S6est the re ­

classification of , t he severa l Sections and Sub- section s of Aloes . 

ADDENDUM TO CHAPTER 6 , 

In addition t o the Aloe spec ies screened i n Cha pters 4 and 

5 for a l oin and homonataloin r espective l y , certain species 
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were obtained durin.~ the course of this wo rk which were 

screened for the presence of ~lycanthrones and/or anthraqui­

nones. These species were not subjected to all of the 

solvents used in this Chapter ,and are hence listed 

separately . The f ollowing such species contain no known 

glycanthrones , (but in A.striata (Rf 0.87 ) a magnesium acet ate 

positive anthraquinone was found using chloroform:ethanol ():l) : 

A. lineata, A.striata, A.aristata , A.vari egat a, A.dominella , 

A.ramosissima, A'claviflora, A. gr acilis, A. humilis and 

A. plicatilis. 

In A.variea;ata three orang e spots whi ch turned yellow with 

alcoholic KOH were observed, as also a pink spot at the solvent 

front (Ethyl acetate: gl acial acetic acid:water 4:1:5) . 

Resins were absent from this species. 
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CHAPTER 7 . 

CHRYSOPHANOL. 

7.1 DISTRIBUTION OF CHRYSOPHANOL . 

Chrysophanol is not normal l y a constituent of all 

commercial aloes (i , e . the boi l ed juice ), but does appear in 

" certain varieties. Thus, for example, HORHA~1ER et alia (113 ) 

report its presence in commercial aloes f rom both India and 

the Wes t Indies , while MARY, CHRISTENSEN & BEAL (145 ) had a 

decade earlier showed the presence of chrysophanol in the 

latter variety during a study of Curacao aloes. , 

Chrysophanol is more lvide l y distributed in the other 

anthracene-containin,!; purgative dru?;s , but in addition has 

been isolated from Rumex hymenosepalus TORR by HILLIS (102a ) 

and from the root bark of Ventila.q;o viminalis. HOOK by COOKE & 

JOHNSON (52). POETHKE et alia (171) isolated chrysophanol 

from Oreoherzoq;iafallax Boiss, to~ether with rhein , aloe -

emodin, frangula emodin and physcion. 

Chrysophanol occurs free in frangula bark (SIEPER et 

alia (198) ), but in Rheum occurs both free , and combined as 

" chrysophanol diglycoside and mono - glycos ide (HORHANNER et 

alia (112 )) . In similar manner it has been reported free in 
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cascara ( BEAL et a l ia (145)), and also combined as C- glycosyl 

compound (FAIRBAIRN & i-iITAL (69 )) . Chrysophanol does not 

occur free in senna , but KHORANA & SANGHAVI (120 ) have iso­

l ated t1i!O new <;lycosides from senna pods , one of vlhich is 

based on chrysophanol , the other on rhein. 

With regard to Aloe species , VAN OUDTSHOORN (2 24 ) reported 

the presence of chrysophanol in A. saponaria. Later, using 

thin-layer chromatography , VAN OUDTSHOORN & GERRITS~ffi (226 ) 

were able to detec t at least three anthraquinone ~lycosides 

in the species Aecklonis , A.saponaria , A.davyana , A.ammophila 

and A. transvaalensis . In preparative chr omatography' one of 

these q;lycosides gave chrysophanol on hydrolysis with IN 

hydrochl oric acid , while free chrysophanol was also detected 

by extraction methods . This indicated that chrysophanol and 

other anthraquinones not yet identified are present as ordinary 

.q;lycosides in both the leaves and roots of these Aloe species . 

7.2 CHROMATOGRAPHY OF CHRYSOPHAlJOL . 

The literature contains several references t o the 

chromato~raphic separation of chrysophanol . Usually these methods 

are by thin- layer or paper chroma t ography , but FURAYA et alia 

(83 ) have separated chrysophanol from physcion , emodin , aloe ­

emodin and rhein by gas chr orr.atography . Since physcion (the 

6 ,-methoxy derivative of chrysophanol ) so frequently has the 
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same Rf as chrysophanol, it is also treat ed here . In 

ce r tain solvent systems , however, it can be se parated f r om 

chrysophanol , and furthermore its chemica l separation has 

been described in section 3 . 6 . 4.3. Some of the solvent systems 

used for chrysophanol appear in table 7 (i ) . Of these , solvents 

1 ,2,9, 10,11 & 12 ,Jere used in this \York. 

Table 7(i ) CHROMATOGRAPHY OF CHRYSOPHANOL . 

No . 

1 ( Z ) 

2 (M) 

3 

5 

6 ( P ) 

7 

Solvent. 

Toluene 

Petrol ether (40° ) 4 
Toluene 1 
Xyl ene 1 
Methanol 2 

Toluene 
Pentane 

Methanol satd 

en- hexane 

Petrol ether (65° ) 
satd , 
methanol 97% 

Ethyl acet 100 
Methanol 16.5 
Water 13.5 

Dichlorome thane 10 
Hethanol 3 

Dichl oromethane 10 
Methanol 10.5 

Type . Reference. 

Paper BETTS et alia (18 ) 

Paper " HORHAMMER et alia (107 ) 

Paper LOTH et alia (ex (227) ) 

Paper HILLIS (102a ) 

Paper BEAL et alia (145 ) 

\I 
T. L. C. HORHAMMER e t alia (113 ) 

T.L . C. SIEPER et alia (198 ) 

T. L.C . ditto. 
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9 {Q} Benzene 1 
Carbon tetrachloride 1 

10 Benzene 3 
Ethyl acetate 1 

11 (X) Isopropyl ether 

12 (Y ) Benzene 2 
Glacial ace tic ac i d 1 

Tabl e 7 (ii). Rf VALUES . 

T . L.C. SI EPER et alia {198} 

T . L.C. POETHKE et a lia (171) 

" T • L. C • HORHAJvJ]\1ER et alia (109 ) 

T . L.C. MULLER et alia (162 ) 
T . L. C. 

Rf Value. 
Solvent. Chr ysophanol . Physcion 

1 

2 

3 
4 
5 
6 

7 
8 

9 
10 

11 

12 

0.96 
0.90 

Complet e 
0.71 

0.94 
0. 97 
0.95 
0 . 85 
0.30 

0.88 
separation 

0 . 56 

0.95 
0.85 
0.23 

0 . 70 
0 .88 

Not separated 
0.58 
0.8$ 

7.3 CHEMICAL CHARACTERISTICS OF CHRYSOPHANOL. 

A me t hanol ic solut ion of chrysophanol has a ye llo'll col our , 

fluores cing bri ght orange - yellow unde r ultra- violet li,ht . It 

is i nteresting to note that when placed on Silica ~e l G plates 



155. 

this orange solution momentarily goes red , fading t o orange. 

The chemical reactions of chrys?phanol with acids and 

alkali have been reported separately by GARDNER (86 ) and 

HILLI S (I02a). Although differing somewhat in their inter-

pretation of the colours, in the main chrysophanol gives the 

follovling reactions : -

(il with conc H2SO
4 - red to pur ple red 

(ii ) with c HN0
3 

yell ow con -
(iii ) strong ammonia - bl ue - red to viol et 

(iv ) NaOH 2-5 N - red. 

Similar results were obtained in this work using methano li c 

solutions of chrysophanol . Ilhen to the solution in H2S0
4 

is 

added HN0
3

, the mauve colour fades to yell ow. With magnesium 

acetate reagent on chromatograms , chrysophanol and physcion 

appear orange-red, whi l e rhe in and aloe - emod in appear r ed . 

7.4 EXTRACTION OF CHRYSOPHAN01 . 

Al though GARDNER (86) has described a method of synthesising 

chrysophanol from chrysarobin , the method is compl ex. Conseq-

uently several authors rely on solvent extraction methods to 

obtain chrysophanol from the plant. 

To obtain chrysophanol from Rumex hymenose palus, 

HILLIS (102a ) used soxhlet extraction with benzene for three 

days, purification being by sublimation a t 125 0 C at 0.003 mm Hg . 
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POETHKE et alia (171) refluxed 19 quantities of 

Oreoherzo~ia fallax ;vi th benzene (10 ml) and H2S0
4 

5% (1 ml) 

to obtain anthraquinones , including chrysophanol. 

7.4.1. 

To obtain chrysophanol from A. saponaria VAN OUDTSHOORN (224 ) 

extr acted approximate l y Ig of pO'.ldered plant material with 

ether in a soxhlet apparatus until all the colouring matter 

,ms extracted . This ethereal extract Has puri fied by 

shaking with IN NaOH until the aqueous layer shoHed no further 

extract i on. The combined aqueous NaOH l ayers were acidified 

with hydrochloric ac i d and the precipitated chrysophanol 

extracted with ether . This was concentrated down to a small 

volume for chromatography. 

7 . 4.2 Extract ion of free and combined chrysophanol. 

The method is that of VAN OUDTSHOORN (227) and is as 

follo;/s: 

5g of powdered plant material is soxhleted with 50 ml ether 

until the circul ating ether is colourless. This extracts free 

anthraquinones. Of this , 40 ml is reserved for fractionating 

with 5% NaHC0
3 

solution (10 ml a l iquots), followed by 5% Na 2C0
3 
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solution, and finally by 5% NaOH solution. Each of these is 

re - extracted with ether after acidification . The other 10 ml 

of ether extract contains undifferentiated anthraquinones and 

is concentrated to a volume of about 2 ml for chromato~raphic 

purposes. 

Extraction and hydrolysis of anthraquinone glycosides. 

Pmldered and dried plant material from above (2g) is 

soxhleted Ilith 25 ml methanol to exhaustion , 20 ml bein:; eva­

porated to dryness on a waterbath. To the dried residue is 

added 20 ml of 5% hydrochloric acid and refluxed on a water-

bath f or one hour . When cool, the hydrolysate is repeatedly 

extracted \lith 10 ml ether aliquots to exhaust i on , and contains 

anthraquinones. 

The remaining 5 ml of methanolic extract Ilhich was not 

hydrolised is concent rated dmvn to half its volume and used for 

the chromato~raphy of anthraquinone ~lycosides . 

7.5 m1N ,vORK . 

Ini tially, a leaf sample of A. saponaria :sro·,Jing in Port 

Elizabeth -vas used. This was dried at 500 C and powdered, 

appr oximately one ~ramme resultin~. This was soxhleted and 

extracted in the manner descr ibed in s ect ion 7.4.1. The 

concentrated ethereal solution 'l laS chromatographed on 
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Silica ~el G plates using Sol vent 9 and Solvent 12 , and on 

paper using Solvent 1 (table 7 (i )) . On sprayin~ vnth 

alcoholic KOH only the chromato .~ram run in Sol vent 12 shOl'ied 

a s pot at Rf 0.90 (literature 0.$$ ) . The presence of chry­

sophanol thus appeared doubtful. 

At a later sta ,~e the work of VAN OUDTSHOORN & GERRITSMA (226 ) 

showed the presence of chrysophanol gl ycosides in five species , 

four of which belonged to the Section Eualoe , Series Saponariae , 

namely A.sa ponaria, A.ammophila, A. transvaalensis , and 

A.davyana , while the fifth (A.e cklonis ) be l onged to the Section 

Leptoaloe . 

Postulatin~ that chrysophanol could be of chemotaxonomic 

interest in the Series Saponariae , six species belon~in~ to the 

Series Saponariae h'hich could be obtained in Port El izabeth 

and Uitenha<se were examined for chrysophanol and chrysophanol 

glycosides by the methods described in sections 7.4 . 3 and 7.4.4. 

The juices of the six species were also examined for chrysophanol 

and glycos:ides, 'but these proved to be absent from the juices. 

The six species used were A.simii, A.fosteri , A.dyeri , 

A.branddraaiensis, A.saponaria and A.greenii. 

For the first three species three gramme quantities of powdered 

dried l eaf Here extracted , and for the latter three specie s, 

si.ac gramme quantities were used. 



7.5.1 CHROMATOGRAPHY. 

Interestin~ pi '6ments Here noticed in all six species when 

chromatographing on Silica 1651 G USing Solvent 2 and Solvent 9. 

One of these was Ec red pi~me nt (daylight and ultra violet li,!:ht ) 

at Rf 0.50 in Solvent 2 and Rf 0.05 in Solvent 9. When sprayed 

with ammonia this spot remained red in daylight but appeared 

yellowish under ultra violet li-;ht. In Solvent 2 -.las a colour­

l ess principle at Rf 0 .65 ,vhich fluoresced a brilliant red 

under ultra violet light . This spot was unchanged by ammonia . 

Neither of these spots shows typical flavonoid reactions (74a ) . 

The ethereal and hydrolysed methanolic concentrates were 

chromat o:raphed on Silica gel G in Solvents 9,11 & 12 , and 

sprayed with ma:;nesium acetate reagent. 

run as control. 

7.5.2 RESULTS. 

Chrysophanol 'l'Ias 

It was apparent that chrysophanol was absent from the 

ethereal extracts of all six species, but -in one of the 

methanolic hydrolysates (A.dyeri ) , a (red ) magnesium acetate 

positive principle, ,-{hich f l uoresced the same colour as the 

chrysophanol marker before spraying, was observed at a sli6htly 

lower Rf than the control chrysophanol . Since a pure substance 

often runs higher than a mixture of components ( PASTUKA (168 ) ), 



it is conc l uded that chrysophanol exists in A. dyeri in 0-

slycosidal form. ' This glycoside of A. dyeri before hydrolysis 

had an Rf value (ToL,C.) of 0079 in chloroform :ethanol 95% 

():l ) where aloin had an Rf 0 068. Chrysophanol (either free 

or combined ) appears to be absent from the five remainin~ 

species . 
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C HAP T E R 8. 

RESINOUS CONSTITUENTS AND PARA -COU~~RIC ACID. 

8 . 1.1 INTRODUCTION. 

Commercial a l oes contain a considerable amount of 

resin. llith regard to the production of aloin from such 

aloes, precipitation of this resin is a necessity if a ,good 

qual ity crystall ine a l oin is desired , and even smal l quantities 

of resin can delay crystal l isaion - conceivably in the absence 

of electrol ytes the resin acts as a l yophobic col loid . Rare l y 

are commercial samples of aloin entirel y free from resins, and 

this may readily be shovill chromatographically. 

8.1.2 comOSITION OF RESINS. (59 ) 

Resins are not singl e chemical compounds but are usually 

mixtures of substances of different and compl ex chemical 

character. 

The following are the three most important <;roups of 

compounds present in resins. 

1 ) Resenes - the chemical nature of which is unknmill, but 

which are exceedi ngl y stable . 

2 ) Resin Acids - these are complex, high mol ecul ar weight 

acids usual ly occurring free . 

3 ) Resin Esters - These consist mostly of resin alcohols com­
bined with aromatic acids , of .,hich benzoic 

and cinnamic acids are of frequent occurrence . 



There are t,'lO principal kinds of resin alcohols in combination 

with these acids, namely: 

a ) Resinol s - these give a negative reaction >'lith iron salts 

b ) Resinotannols - these are phenol ic compounds which sive 

blue, green or violet - col oured compounds 

I'd th ferric chl oride. 

Resinotannols are said to be produced on hydrolysis of 

aloes (TREASE (220 )) . Thus on hydrolysis the resin of 

Cura~ao aloes yields a resin a lcohol (barbaloresinotannol ) 

and c innamic ac id, while the resin of Cape aloes yields capal o­

resinotannol and p- hydroxycinnamic (p-coumaric ) acid. Littl e 

is known of these resinotannols, and it has been suggested that 

they are mixtures of de composition products formed during the 

hydrol ysis of the original resins. In contrast, RAMSTAD (175 ) 

states that most of the anthraquinone drugs contain resinous 

substances which appear to be condensation products of anthra­

quinones or anthranol s , This l atter statement is of interest 

in relation t o the find ings described in this chapter, and will 

be referred to l ater. 

8.1. 3 PHARMACOLOGIC ACTION OF RESIlJS. 

Confusion also exists as to the pharmacologic action 

of the resins. KIEFER (ex 237 ) isolated three active resins 

from Cape a l oes and attributed the purgative action to the 
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three resins, saying that aloin and emodin played a minor 

part . In contrast, TSCHIRCH & HOFFBAUER (222) arrived at 

the conc l usion that only the resin is totally inactive or without 

pur'!;ing properties, while aloin , aloe - emodin and the anthra -

~lucosides have a pursin3 effect. A further note to the 

lack of exact kn01dedge regarding these resins is the fact that, 

while some pharmacopoeias discard the resinous material , others 

make preferential use thereof for making galenic preparations 

(RMISTAD (175 )) . 

S.2 .1 ISOLATION OF RESIN. 

Pure resin from Cape a l oes has been isolated by AUTERHOFF 

& BALL (4 ) as a ::sreyish- brm.'Il powder , s oluble in about 15 parts 

of ethyl alcohol . They report this resin as giving an ultra-

violet absorption spectrum, with a strong maximum at 300 m)l. 

" The resin separated by a OHME & KREUTZIG (2S ) had a broad peak 

at about 295 m).l , but tHO sharper , more intense peaks at 253 mJ.l 

and 245 m}l . 

S.2.2 Hydrolysis of the resin isolated by AUTERHOFF & BALL (4 ) 

produced p- coumaric acid (12%) and acetic acid . The brown 

residue , which was insoluble in bot h ethe r and ~'later, remained 

in the reaction fluid and ,ras pre sumably the resinotannol. It 

was furthe rmore found that hydrolysis by mineral acid broke the 
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glycosidal bond and yielded arabinose , and in conjunction 

with a l kaline hydrolysis removin?; the acids , left what was 

called a "tannol - agl ycone" of phenolic character. 

$.2.3 The acid character of the resins isolated from Cape 

aloes by KIEFER (237) is r eflected in the fact that these 

resins were soluble in sodium bicarbonate solution, and were 

described by the author a s two, possibly identical, very 

active , bri~ht yel l ow resins, (each about 30% ) and another very 

active resin, (6.$%). 

$.3 .1 CHROMATOGRAPHY OF RESINS . 

Solvent choice is of utmost importance in the complete 

separation of mixtures of constituents by chromatographic means, 

and this applies equally wel l to chromatography of the resins 

of Aloe species. Where earlier workers had reported one resin 

spot , later workers using different solvent systems could re -.. 
solve the resin into further spots, while BOH1VIE & KREUTZIG (2$ ) 

recommend t llO - dimensional chromat ography for complete resolution. 

$ . 3.2 PAPER CHROMATOGRAPHY . 

In 1954, AUTERHOFF & BALL (4 ), in a paper chromatographic 

study of Cape aloes , using water- saturated butanol as running 

solvent , regarded the spot located at Rf 0.$0 as the resin. 
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This spot was invisible before alkali treat ment, but blue ­

violet after spraying with alkali , and when viewed under 

ultra- violet li~ht . 

In 1957 KRAUS (124 ) utilised as solvent the upper phase 

of butanol: acetic acid: water (4 :1:5 ) . His findings were 

as follows: aloin Rf 0 .65, p-coumaric acid Rf 0.49, resinous 

product Rf 0 . 80. U siW; the same s ol vent system, AWE, AUTER-

HOFF & WACHSMUTH-~mUI (5 ) (1958 ) reported further spots after 

alkali , and the fol l owing •• ere observed: 

Rf 0 . 22 : 

Rf 0 . 50: 

Rf 0.65: 

Rf 0.81: 

Rf 0 . 88: 

a green spot 

an unidentified anthracene derivative 
possibly of 1 :8- dihYdroxyanthraquinone 
structure 

Cape aloin 

p- coumaric acid and resin 

Aloe - emodin. 

It ,fill be noticed that the Rf cl aimed for p-coumaric acid 

by KRAUS (124 ) and by AWE e t alia (5 ) respectively, differs 

widely. 

Further work by AWE & KU~1ELL (1962 ) (6 ) on the juice of 

A.ferox and A.vera resulted in similar chromatograms , except 

that under ultra- violet light an oranr~e spot was observed at 

Rf 0.56 , which fluoresced blue in ultra- violet light after 

a l kali trea tment , and they felt that this might be isobarbaloin. 
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$.3.3 A detailed chromatographic s t udy of Cape , Socotra, 

" Cura~ao and Natal a l oes by BOHME & KREUTZIG (1963 )(2$ ) 

followed. These authors pointed out that several previous 

workers had used Partridge's solvent (that is, the upper 

phase of butanol: glacial acetic acid: water) but due to 

difference in methods and types of paper used , the given Rf 

values ,.ere not comparable. 

These authors ,fere mainly interested in paper chromatography, 

because it afforded compl ete and quantitative separation of 

aloin, as shown by AWE & WACHSMUTH-ME1JI.~ (7 ) , but the Partridge's 

s olvent used by the latter was found to be far from ideal, and 

use was made of the followin~ formula - ethyl acetate : glacial 

acetic acid :' water (4: 1: 5 ) (upper phase ), and the softer S & S 

2043b Mgl paper was replaced by the harder S & S 2045b Gl paper 

to decrease the running time and improve the Rf values. 

The authors state that the Rf values reported are the 

average value of many experiments , but stress that these val ues 

invariabl y depend on method, paper , saturation etc . The 

sequence of separation shoul d be noted hOHever, as this remains 

constant, and chromatograms in which the Rf values deviate can 

be orientated by reference to aloin or ot her suitable known 

constituent . 
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In the four commercial varieties of a l oes examined 

" by . BOHME & KREUTZIG (2$) (Cape , Socotra, Cura~ao an d Natal) 

fol l owing spots were common t o all four varieties -

a ) Rf 0.07 , a yellowish- green f luore scent spot, before and 

a f ter treatment " i th KOH, under ultra - violet light 'Thich could 

be an anthocyan i n. 

b ) Rf 0 . 31, this spot appears as a blue f luorescence (quartz 

lamp 254 m~ ) which becomes a strong light blue after trea tment 

with KOH, and is visibl e as a light ye llow colour in dayl ight. 

This substance is a crude resin (German " Rohharz" ) . This spot 

-,las previously reported in Cape aloes by A'.lE et alia (5 ) as an 

ant hracene derivative , and in Cura~ao aloes as isobarbal oin by 

AWE et alia (5 ), and PARIS & DURAr;D (166) . This , according to 
, , 

BOHME & KREUTZIG (2$ ) is due to the incompl ete separation 

afforded by Partrid,:5:e ' s sol ution , vTherewith seve r al substances 

appear at the same Rf. The resin of Rf 0.31 has peaks at 295, 

253 and 245 m)l . 

c ) Rf 0 . 55, this can a lso be classified a s crude resin, and 

gives a bl ue fluorescence under ultra- violet light after a l kali 

treatment. Onl y in Cape aloes at this Rf the reaction is 

blue - violet, and by means of thin- l ayer chromat o,graphy it is 

possible to differentiate the resin s pot from a spot \Thich 

gives a (fading ) blue colour with periodate . 



d ) Rf 0.78, this spot after treatment with a l coholic KOH 

gives under ultra - violet light a bl ue col our identical with 

that of Rf 0.55, and both ~ive a light yellowish colour in 
.,/ 

daylight. BOHME & KREUTZIG (28 ) refer to this spot as the 

"main resin spot". 

e ) Rf 0 . 88 , this spot , like the "main resin apot" only becomes 

visibl e after treatment with KOH as dark bl ue under ultra - violet 

light. This spot was absent from Cura1ao aloes. 

In brief, the hydroxyanthraquinone derivatives appear at 

the fo l lov.Jing Rf val ues : 

8.4 .1 

Rf 0.43 : 

Rf 0.40 &, 0 . 48: 

Rf 0 . 67 : 

Rf 0.69: 

isobarbaloin (Curagao only ) 

aloinoside (Cape and Socotra only ) 

aloin (absent from Natal ) 

homonatal oin (present only in Natal ) 

THIN - LAYER CHRONATOGRAPHY . 

Thin- layer chromatography all ows the identification of 

further substances which are present in such minute traces 

" so as not to become visible on paper chromatograms (BOHME & 

KREUTZIG (28 )) . These workers used the sol vent system ethyl 
II 

acetate: methanol: water (100: 16.5: 13.5 ) (HORHAMlImR et alia (108 )) 

and Silica ~e l G pl ates to obtain differentiation of the resin 

spot (Rf 0.55 ) described previous l y. 



" This same s ystem was used by HORHAMMER , WAGNER & 

BITTNER (110) i n an inve sti~at ion of Cape and Natal a l oes. 

They similarly differentiated three resins , a l though the 

chemical composition of one such spot is described as "unknown" , 

even t hough it gives identical r eactions to t he two named resin 

spots. The approximate Rf values of these three resin sp ot s 

are 0. 26 , 0.50 and 0. 66, where aloin was 0.45. 

8.5.1 COLOUR REACTIONS OF RESINS . 

Several spray r eagents exist which give characteristic 

col ours with resins, and consequently aid in their ident i fi -

cation in chr oma t ography. The s e are described below. 

8 . 5 .2 (a ) ALCOHOLIC KOH OR NaOH (2-5%) . 

Several spots f luoresce varying shades of blue under 

ultra- violet l ight . As described befor e (section 8.3 . 4 ), 

certain spots become lighter blue and more intense on spraying 

(e . g. , Rf 0 .31), dark blue spot s appea r t o deepen, while spots 

not visible under ultra- vi ol et light before spraying deve l op 

after sprayin,g as a dark blue col our (e. g. , Rf 0 . (8). Some 

of these spots show as light yellow in daylight. (Caution: 

p-coumaric acid gives a royal-blue to vi ol et colour i n ultra-

violet light after t his treatment, the colour being dull 

light brown in daylight ) . 
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8.5.3 (b) FAST BLUE B (ECHTBLAUSALZ B) 0 . 05% AQUEOUS. 

This reagent is also described as True Bl ue Sal t B (Merck 

(1 53 )) , who describe it as a reagent for phenols and amines 

capabl e of coupling (diazo- reagent ) . The reagent should be 

freshly prepared, and deposits after a few days. \'lith 

resins it gives orange to r ed col ours in daylight , these colours 
\, 

being unaffected by after- treatment with alcohol ic KOH ( HORH~~R 

et alia (111 )J . However, these workers state t hat aloin, iso­

barbaloin and homonataloin , which are unaffected by the Fast 

Blue B reaf,ent, sO green (dark- green for homonataloin ) when 

oversprayed wi th methanolic KOH. 

(Note : under Experimental it wil l be noted that chromatograms 

were first sprayed with methclnol ic KOH to reveal hydroxy-

anthraquinones and then oversprayed wi th Fast Blue B rea~ent. 

This in no way interfered with the effectiveness of the Fast Blue 

B reagent, although aloin t ook several days t o form a dull gr een 

and homonatal oin for med a faint mauve , l ater changing to 

greenish. 

8 .5.4 (c ) ANTIMONY TRICHLORIDE REAGENT . 

" BOHME & KREUTZIG (28 ) used a solution of antimony tri -

chloride 4% in chl oroform as an afterspray following the use 

of Fast Blue B reagent, whe r eupon the orange resin spots show 

hal oes and change to a strong violet - red co l our. They re commend 
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this aftertreatment to differentiate p- coumaric acid from 

resin , the former giving a strong ultra- mar ine col our , which 

easily distinguishes the acid from the resin. 

8 . 5.5 (d ) 2,6- DIBROMOCINCHONINE CHLORIMIDE REAGENT. 
.. 

This rea.;ent, used to identify phenol s, was used by BOHME 

& KREUTZIG (28 ) as a 0 . 4% methanolic sol ution , fo llowed by 

spraying with a 10% solution of Na 2C0
3 

in 30% methanol. 

gave the fo l lowing colours in daylight: -

a ) resins - appeared brown 

This 

b ) aloin , substances like a l oin , and peri odat e - reactive 

substances gave blue-green or violet colours. 

8.6.1 PARA-COuriARIC ACID . 

As this substance is so cl ose l y connected with the resins , 

it seems approriate to deal with it here , as both resins and 

p- coumaric acid '{{ere on several occasions investigated con-

jointly , particularly as the spray reagents described above 

react with both substances. 

8.6.2 A number of aromatic acids are wi de l y distributed in 

pl ants; but by no means as universal ly a s the a l iphatic acids. 

Although in some instances they occur free (e.g . benzoic acid ), 

they moreseneral l y occur as esters in oi l s and resins , and as 
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<?;lycosides. Commonly occurrin~ aromatic acids are salicylic, 

O- hydroxybenzoic , cinnamic , p- coumaric, hydrocoumaric, proto -

catechuic, 'Sallic, and caffeic acids. Para -c oumaric acid is 

said to occur both free and combined in Al oe species 

(BONNER (30)) . 

$.6.3 There is no measure of a'Sr eement in t he literature 

regarding the occurrence of free para -coumaric acid in Aloe 

species. Normally the analyses were performed on commercial 

a l oes , butAUTERHOFF & BALL (4 ) cl aimed to have identified the 

substance both in commercial Cape aloes and in the fresh juice 
I .. 

of a plant from the gardens of the \Jurzburg University. 

$.6.4 Employing paper chromato;raphy and using water -

saturated but anol as their running solvent, p-coumaric acid had 

an Rf value of 0.3$. Paper chromatography was also used by 

AWE , AUTERHOFF & iiJACHSMUTH- MELM (5), who utilised the upper 

phase of butanol: ?; lac ial acetic acid : water (4:1 : 5) as 

solvent. In their opinion p- coumaric acid appeared together 

with resin at Rf 0 . $1. They also described the finding of 

an unidentified anthracene derivative at Rf 0 . 50, and cited 

earl ier .vorkers as havin<?; reported p-coumaric acid at this 

Rf, while afi guro of 0 . 49 was obtained by KRAUS (124) using 

the same chromagraphic procedure. 
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In the opinion of BOHME & KREUTZIG (28 ), the above 

solvent was unsatisfactory for separation of certain Aloe 

constituents , several spots frequently being superimposed at 

the same Rf . In consequence they made use of the solvent 

systanethyl acetate: glacial acetic acid: water (4:1:5 ), 

and with the harder paper described before, obtained p- coumaric 

acid with resin at Rf 0 . 88. The p- coumaric acid could be 

differentiated by use of antimony trichloride reagent, which , 

when used after Fast Blue B rea:;ent , revealed p- coumaric·acid 

as ultra -marine and resin as violet-red. They further stated 

that with their solvent , p-coumaric acid and resin could be 

separated usins thin-layer chromatography , but no further 

details were 'Siven in the pa per (28 ) . 

The conclusion they reached was that free p-c oumaric 

acid was absent from the commercial a l oes that they investigated 

(Cape, Curagao, Socotra and N~tal), and similar conclusion 

was reached by other Horkers (166) &, (Ill) . DOFF (60 ), 

however , whilst investigating the tubercul ostatic activity of 

Aloe extracts, claimed that p-coumaric acid '.ms the most active 

compound, effective even in dil utions of 1 - 50 , 000 to 1-100,000 

(Sauton medium). 

In view of the uncertainty which existed llith regard to 

p- coumaric acid in Aloe species , it was decided to investigate 

the juices of fifty - five Al oe species that had been collected 
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since 1962 , both with re gard to p- coumari c acid , and also to 

investigate the distribution of resins in the species, some 

of which yielded a viscous resinous juice 10Jhen the lea f was 

incised, others a thin, watery l iquid. Fur thermore, with 

the exception of work performed on the resins found in a limited 

number of commercial aloes, very l ittl e work had been done on 

resins in their more nat ural form , as occurs in the unboil ed 

juices obtained direct f r om l eaves of Aloe species. These 

investi~ations are described under experimental. 

8.7. 1 EXPERIMENTAL . 

The usefulness of chroma tographic separation is that, 

prov i ded a suitable solvent system can be chosen, separation of 

const i tuents differing in chemical characte r istics can be 

achieved . Where this can be fol l owed by visualisation usin~ 

se l ec t ed chemical (spray ) reagents , not onl y can the presence 

or absence of sou~ht substances be established, but also the 

chemical re l ationship of seve"al components in one spe cies. 

8. 7. 2 (a ) CHOICE OF SOLVENT SYSTEM . 

Initia lly , use was made of sol vent systems described in 

" the literature by AWE et alid ( 5 ) and HORHAMMER et alia (Ill) . 

Al though resins we r e vis i ble, the s epara tion of p- coumaric 

acid was problematical. Other sol vent systems were employed , 
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.. 
the mo s t satisfactory being that of BOHME & KREUTZIG (28 ), 

thin-layer separation being subst i tuted for paper chromat ogra phy._ 

SOLVENT SYSTEMS. 

N 

M 

R 

P 

V 

Q 

Butanol/ ::;l acial acetic acidj;mter (4: 1: 5 ) 

" Petrol ether (40 ): tol uene :xyl ene:methanol 
(4 :1 :1:2) 

Propanol :ethyl ace t ate :,vater (4 :4:3 ) 

Ethyl acetat e:methanol :water (100: 16.5 :13 .5 ) 

Chl oroform:ethanol 95% (3: 1) 

Benzene:car bon t e t rachl oride (1:1) 

- paper 

- pape r 

- T . L.C. 

- T.L . C. 

- T. L.C. 

- T.L.C . 

L Ethyl acetate:~lacial acetic ac i d:water (4: 1 :5 ) - T . L. C. 

8.7.3 SPRAY REAGENTS. 

(i ) Al coholic KOH 5% w/ v 

(ii ) Fast Blue B 0.5% w/ v (aqueous ) (HOECHST AG ) 

(iii ) Antimony t richl oride 4% w/ v in chl orofor m. 

PROCEDURE . 

Methanolic solut ions of the j uices of the followin~ Aloe 

s pecie s were examine d , usin~ paper and thin-layer chromatography 

and ut ilising visualisation by spray rea:sents , and ult r a - vi ol et 

li~ht - as an attempt a t cl ass ificat ion , the 55 species have 

been sub- divided into the fo l lowing chemical cl assification: -
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Group A 

Group B 

Group C 

Species cont~inin~ a l oin 

Species containing homonataloin 

Species containin~ neither a l oin nor homonataloin 

GROUP A (a l oin ) 

A.ferox Mill. 

Aoexce l sa (Rhodesia ) 

A.arborescens Mill o, 

Aocameronii (Rhodesia ) 

Aomarl othii Ber~er 

Aoafricana Mill o, 

Aocastanea Schonlo , 

GROUP B (homonataloin ) 

Aosuprafoliata Pole Evans , 

A 0 cryptopoda Bak. , 

A. lutescens Groenewald , 

Aopachygaster Dinter, 

Aomelanacantha Ber~er 

.L·he r eroens i s En~ler , 

Aocomptonii Reynolds , 

A.mitriformi s Mill o 

Aocande l abrum Berger, 

Aosessiliflora Pol e Evans , 

Aore itzii Reynolds, 

Aoaculeata Pol e Evans, 

Aovryheidensi s Groenewald, 

Aodolomitica Groenewald, 

A.vanbalenii Pillans 

Aospeciosa Bak., 

A.wickensii (var. l utea ) Reynolds 

A.ange li ca Pol e Evans , 

A.mutabilis Pillans, 

Aomunchii Christian , 

A. pearsonii Schonl o, 

Aodistans Haw , 
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GROUP C. 

A.srandidentata Sal m Dyck. , 

A.simii Pole Evans, 

A. dyeri Schon!., 

A.petrophylla Pillans, 

A.saponaria (Ait ) Hall , 

A . ~lobuligem~a Pol e Evans , 

A.lon~istyla Bak. , 

A. polyphylla Schonl . , 

A.broomii Schonl., 

A.succotrina Lam. , 

A. lineata (Ait ) Haw., 

A. ramosissima Pillans , 

A.pretoriensis Pole Evans 

PAPER CHROMATOGRAPHY. 

A.longibracteata Pole Evans , 

A.fosteri Pil lans 

A.ammophila Reynolds , 

A.branddraaiensis Groenewald , 

A. chabaudii Schonl . , 

A. karasbergens i s Pillans, 

A. pratensis Bak. , 

A.reynoldsii Letty, 

A.peglerae Schonl . , 

A. dominella Reynolds , 

A. striata Haw., 

A.plicatilis (L ) Mil l . , 

A . :?:la uca ~lill. , 

All the specie s in Group A were chromatographed on Whatman 

No.1 paper by the cylinder method , using Partridge?s sol vent 

(henceforth referred to here as Solvent N), with accommodation 

t i me 2 hours , at a temperature of 18- 200 C. As marker .vas 

used a 0.2% w/ v methanolic solution of p- coumaric acid, an 

equival ent of lOpg of acid being used . 

After suitable development , the paper was removed and 

dried at room temperature , sprayed with methanol ic a l kal i and 
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viewed under ultra-violet light. The control p-coumaric ac i d 

showed vividly as a royal blue at an Rf of 0 . 95, but at this 

Rf blues of similar colour were also visible in most Al oe 

species , \vhile pink colours were observed at the fronts of 

A.arborescens, A.vanbalenii, A.marlothii and A.castanea, 

whil e A.africana had a greenish front. 

As it was obvious that differentiation of p-coumaric acid 

under these circumstances would be difficult , the Group A 

species were again chromatographed as before and examined 

carefully under ultra-violet light before spraying. In some 

species a light blue fluorescence was observed at Rf 0.95, 

in other not. These findings were recorded, and on spraying 

with alkal i, deep blue colours were observed in A.ferox, 

A.castanea and A.marlothii but only a weak reaction in 

A.dolomitica, A. candelabrum and A.sessiliflora. .However , as 

a precaution, p-coumaric acid {10 flg;} had been added to a 

duplicate of A.ferox, and not only was this marker not differen­

tiated, but the intensity of the blue spot of the two samples 

of A.ferox appeared very similar. Furthermore , as certain 

resins appear only after treatment with alkali as blue spots, 

it became obvious that this method as used by AWE et alia {5 } 

was impractical . 

Use vlaS next made of Solvent M, by ascending chromatography, 

after an accommodation period of one hour {Ilhatman No .1 paper, 
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temperature 18- 20oC). After spraying with alkali it became 

immediately clear that ove rlapping of constituents had 

occurred. In the case of A.mitriformis the homonataloin 

appeared as a reddish colour through a blue resin spot. Para-

coumaric acid had an Rf of 0.1,. (tailing ), and was not visible 

in the sample of A.ferox to which it had been added, whil e at 

this Rf both the sample of A.speciosa and A.mitriformis had 

the brOlvnish- red colour of homonataloin , which also had 

tailed. The free anthraquinones a l oe - emodin and mono - o-

methylnataloin- emodin which were present , and which according 

to the literature (107 ) have Rf values of 0.42 and 0.46 

respectively, were not visible on spraying . Since .. lith thi n -

layer chromatography (and especially with the solvent system 

" of HORHAMMER e t al ia (111 ) - here called Solvent P ) excell ent 

differentiation of the constituents of aloes could be obtained, 

this means of ana l ysis was resorted to in place of the re l ative l y 

unsuccessful paper method . 

8.7.5 . 1 THIN-LAYER CHRm~ATOGRAPHY . 

The Aloe species of Group A '",ere r un in Solvent P on non -

machine spread pl ates of Silica ge l G. In consequence the Rf 

va l ues of the aloin in the species differ . 

When observed under ultra-violet light , all species 

except A.arborescens had a fluorescent, whit ish blue suspected 
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resin spot which appeared mid- way between the starting point and 

a l oin (Rf values are not quoted due to the obvious d i fferences 

in layer thickness on this pl ate ) . An idea of the col our of 

this spot, which appears in so many species, may be ~ained by 

reference to the photo~raph in figure 5(i), where the spot lies 

midway between the starting point and homonataloin . Later 

work showed this compound to be aloesin (section 8.7.12 ) . 

The pl ate was then sprayed with alkal i to reveal both 

hydroxyanthraquinones and p- coumaric acid. With re'1;ard to 

the former, aloe-emodin was evident in all species, and after 

standin~ several weeks , the spots immediately above and below 

aloin in A.candelabrum had turned purple. (KINGET (122) 

describes purpl e compounds obtained by heatin~ - for 5 minutes 

at 1000e - chromato~rams of Rhamnus purshiana sprayed with KOH 

5% alcoholic, these compounds being reduced forms of the 

anthraquinone aglycones . ) Furthermore, pink spots just above 

aloin ,,,ere evident in A. reitzii , A .afri cana and A .marlothii 
+ at Rf 0.72- 0.03. 

Para-coumaric acid was r evealed by the alkali treatment 

as a concise blue spot of a similar Rf to aloin , while the sample 

of p- coumaric acid added to A.marlothii could just be distin­

~uished, as a fraction of it showed blue at the base of the 

yellov,- orange aloin spot. A resin spot deep blue in colour 

appeared after alkali treatment in A.castanea, A.dolomitica 



and A.sessil ifl or a , and this was only slightly higher than 

the p-coumaric acid markers , and could serve as a further 

possible source of mistaken identity. Solvents V and R 

were then tried , and in each case the p-coumaric acid marker 

a ppeared on the Rf of the "r esin" spot which fluoresced 

whitish blue , and the sampl e of p-coumaric ac i d added to 

A.ferox was completely masked by this r esin spot in both 

solvents. The f ollowi ng Rf values we r e recorded: 

Solvent V 

Sol vent P 

a l oin 0 .42, p- couma ric acid and resin 0. 25 

aloin 0.87 , p- coumaric acid and r esin 0.75 

As had been antic ipated from i ts non -pol ar nature , in Solvent Q 

no migration of either resins , p- coumaric acid or ~lycanthrones 

occurred. 

At t hi s stage close attention was paid t o the work of 
Ii 

BOHME & KREUTZ I G (28), who, as mentioned before , had r eport ed 

that p- coumaric acid coul d be s e parated f r om resins chroma­

t ographi cally , using their solvent system (Sol ven t L) and 

thin-layer chromato,graphy , although no actual details were given. 

Furthermore, their claim that t he acid and r esins could be 

distin.:;uished by use of the Fast Blue B and antimony tri chl oride 

r eagents seemed t o offe r a solution even if t he chr omat ographi c 

separat i on proved as perpl exing as previous attempts . 

To judge the effectiveness of the spray combination , use 

was made of Solvent P and Silica ge l G pl ates , and fresh juice s 
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of A.africana, A. speciosa, A.arborescens and A.ferox. 

Several plates \"lere run, p·coumaric acid being added to the 

Aloes in certain instances. 

Sprayins with Fast Blue B reagent was performed for the 

first time, and produced interesting results - severa l spots 

which had been observed as bl ue under ultra .. violet light 

immediately turned bri~ht oran~e (daylight co l our ), while 

mauve - purple colours also appeared i ns tantaneousl y in A. speciosa. 

Both aloin and homonataloin were unaffected by this treatment, 

but resins were effectively revealed. 

Oversprayin~ with the antimony trichloride reagent 

chan7,ed the oran~e and mauve observed before to deep red and 

deep purple respectively , while the p- coumaric acid which 

had thus far not been revealed, appeared as a greeny blue 

colour (daylight ) directly in line with the mauve spots. 

This col our was not permanent, but was visible at the actual 

moment of spraying in the species to 'dhich it had been added. 

(The colour was improved to give the ultra - marine quoted in the 

literature by sprayinc; with dilute hydrochl oric acid ) . It 

was also observed that the antimony trichloride spray r eagent 

produced purplish spots belo\l a l oin , pa rticularly in A. ferox. 

The use of Solvent L proved even more satisfactory, 

inasmuch that p- coumaric acid in this sol vent travelled almost 

to the front, and appeared as a very deep purple spot, cl early 
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visibl e unde r ul tra - vi ol et light both as the marker and in 

the juices t o which it had been added. Sprayin~ wi th methanolic 

alkal i revealed the spot even more cl earl y as a rich bl ue. 

Thus it was clearly seen that p- coumaric acid was either 

absent from Al oes africana , spec i osa , arborescens and ferox , 

or present i n equival ent quantity l ess than 10 r g. Wha t was 

of even gr eater si<;nificance was t hat , 'rlhen the pl ates ",Jere over-

sprayed with Fast Bl ue B reas ent , the p-coumaric acid was 

unaffected and r etained its bl ue col our. The r es ins became 

evident as orange spots (daylight) whil e a mauve spot 

appeared in A. s pe ciosa. 

Table 8 (i ) 

Solvent P. 

A.afr icana 

A.arbor e scens 

A. speciosa 

A. f e rox 

COMPARISON OF Rf VALUES OBTAINED . 

Resins. 

0.33 , 0.41 , 0.65 , 0.73 , 0.80 

0.65 

0 . 42 0.66 

0.42 0.66 

(a l oin appeared a t Rf 0 .62 , homonataloin a t Rf 0 . 73, 
p- coumaric ac i d a t Rf 0 . 54 ) 

Solvent L. Resins . 

A . .ferox 0 .10, 0.25, 0.53 

A. speciosa 0.25 0.41 0·53 0 . 90 

(aloin appeared at Rf 0.48, homona t a l oin at Rf 0 . 64 , 
p- coumaric ac i d a t Rf 0 . 97 ) 

0.89 



8.7.6 APPRAISAL OF SPRAY REAGENTS . 

The use of methanolic KOH followed by Fast Bl ue B reagent 
it 

was reversal of the method used by HORHAI$1ER et alia (111 ), 

who used alkali afte r Fast Bl ue B t o reveal glycanthr ones . 

Prior use of a l kali had several advanta~es inasmuch as its use 

r eveal ed p- coumari c acid, and diffe r entia ted r esins not visible 

before spraying from those visible (ultra - violet li~ht ) , and 

furthe rmor e r eveal ed hydroxyanthraquinones as pink or r ed spots. 

The antimony trichl oride rea~ent had one se rious dis-

advantage , namely, it precipitated a white precipitate almost 

immedi ately aft e r prepar ation , and pa rticula rly on contact 

with wate r or polar liquids . Thus sprayin~ -apparatus in 

particular became easily blocked, even though thorou~hly 

washed before use with chloroform. 

Attempts at impr oving t he ant i mony t richl oride (which is 

notoriously hY:sroscopi c ) by solvent washing and dryin:!; evi nced 

no improvement , and an industrial firm confirmed that this 

problem troubled them as well . This precipitate was slowly 

sol ubl e in dil ut e hydrochloric acid, but considerin,'S the fa ct 

that the p-couma ric acid did not ~ive a pe r manent colour with 

this reagent , the use of a lkali s eemed preferable in vi ew of its 

other obvious advantages. 

One ~r~ve disadvanta ;e ha d t o be eliminated , namely , 

whether the agl ycone ( e . ~ . aloe - emodin ) which ran with the 



Hl5. 

front in this Solvent L, '.~ould mask the p- coumaric acid when 

sprayed with a lkali, since the 55 species to be examined were 

known t o have undergone so~hydrolysis . 

Four species which had produced relatively la r2;e amounts 

of a~lycone on stora3;e were used , namely A.ferox , A.reitzii , 

A. speciosa and A. comptonii. To each of those was added 10 J.l:?; 

of p-coumaric acid, and after chromato.:?;ro.phy in Solvent L they 

we re examined under ul t r a --violet light, where the p- coumaric 

acid was clearly seen as a t hin elliptical dark purple spot 

just below the a '5Iycones . Immediately under this acid , bl ues 

of varying shades we re visible, in all species except A.ferox , 

where the spot was yello\~ green . The plates were then 

sprayed with alkali, which reveal ed the aglycones as orange ­

red spots, and the p- coumaric acid a s royal blue under ultra­

violet li-:;ht. VJhen ove rsprayed with Fast Blue B rea~ent, 

purples appeared above p-coumaric acid (in daylisht ) in 

A.reitzii and A.speciosa , and below in A. reitzii , A. ferox and 

A.comptonii . The aglycones we re unaffected by this after­

treatment, and the p- coumaric acid remained clearly visible , 

although some masking occurred in A. speciosa due to diffusion. 

To check the cause of the purple colours a duplica te plate 

was sprayed firstly with Fast Blue B rea~ent, f ol l owed by 

antimony trichloride rea~ent . It became evident that the 

purples were the result of Fast Blue B reagent alone, whi l e 
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the p- coUInaric acid 'rIGS not revealed by the aftertreatment with 

antimony trichloride on this occasion. 

8.7 . 7 CHROMATOGRAPHY USING SOLVENT L (Ethyl acetate : ~lac ial 
acetic acid:water - 4:1 : 5 ) 

Each of the Groups A, Band C .,ere run on machinespr ead 

Silica ~e l G plates (20cmx20cm ) i n Solvent L, and upon removal , 

sprayed first with alcoholic KOH , this being followed by Fast 

Blue B reagent. Methanolic so l utions of t he juices were used 

in a vo l ume of 0.01 ml, while as marke r 5 )lg and 10 )l'?; of 

p- coumari c acid (0 . 2% methanolic sol ut i on ) was used both free, 

and added to selected species . 

~8~. ~7~. ~8 __ -=G~R~0~U~P~A (Aloe species containin~ ~loin ) . 

The fourteen species of this group a r e r e-listed to facili -

tate study of t he chr omatogram appearin '?; in figure 8 (ii) . 

From l eft to risht on the plate, the spotting , laS as follows:-

p- coumaric acid 5 P?; , A. f erox , A. candelabrum, A.excelsa, 

A.sessiliflora, A.arborescens , A.reitzii, A.came ronii , p-cou-

maric acid 5 ;U,'!;, A.acul eata , A.marl othii , A.vryheidensis , 

A.afri cana pl us p- coumaric acid 10 Ms , A.africana , A.dolomitic~ , 

A.castanea, A.vanbalenii , A.vanbal enii plus p- coumaric acid 

5 ;ug , and p- coumaric acid 10 ;U~. 
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The plate was developed to a height of 10 cm, r emoved and 

dried thor oughly in air t o remove acetic ac i d vapours which 

interfe r e wi t h the alkali spray . 

The plate was obs erved under ultra - violet li~ht and it 

is interest ing t o note that the resin spot whi ch normally 

fluoresces pale bl uish-1r,hi t e (a l oes i n ) in other so l vents 

appears t o be s omewhat quenched by this s ol vent. 

After sprayi ng \'lith a lcohol ic alkali the p- coumaric acid 

markers ;,e r e clearly visible under ultra-violet light as royal 

blue spots, .vhile orange - pinks (a l oe - emodin ) were visible in 

all species to varying extent s. Overs praying with Fast Blue B 

produced purple fronts in all except the followin~ , but had no 

effec t on t he p- coumaric acid : 

A.a r borescens, A. cameronii, A.marlothii, A.vryheidensis and 

A.castanea. Reference to f igure $ (i i ) , traced from the pl ate , 

will show the r el ative position of t he resins , whi chappeared 

as oran:J:e spots in daylight upon treatmen-c with the Fast Blue B. 

It '<Jill be observed that aloin appears cl early in ,,11 species 

at Rf 0.44 , but that a l oi noside appeared onl y in A.africana and 

A.rei tzii, at Rf 0 .19. An orange spot before sprayin; was 

observed under ultra_violet light a t Rf 0 ,, 59 i n the following 

species : A. cameronii and A.acul eata. 
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RESINS I N GROUP.A. 

The resin distribution in the s pecie s is r emarkably 

constant wi t h few exceptions: A.arborescens gives very weak 

r eact ions for any resins , ;'Ihile the resin spot normal ly found 

immediat ely above aloin is weak or absent in the follo'rlins; 

species: A.a rbore scens, A.reitzii, A.acul eata , A.marlothii, 

A.vryheidensis, and A.africana . Further to this, there 

appeared a thin mustard yellow spot under and adjoinin~ the 

aloin spot of the species A.cande labrum, A"excelsa and 

A.aculeata. 

CONCLUSION. 

Para- coumaric acid vlaS absent from the species of 

Group A, or present in concentration l ess than 5 )lg , that is , 

0.5% w/v in the sap. Furthermore , with the exception of 

A.arborescens, all species had several resin spots of high 

concentration, judging by the colour reaction. This would 

appear to confirm the statement (RAMSTAD (175 )) that the 

resins appear to be the condensation products of anthraquinones 

or anthranols. 

8 .7.9 GROUP B. 

Exactly the same procedure was applied as before, and 

the plate from l eft to right was spotted as fo l lows -



p- coumaric acid 5 ~g, A.suprafoliata , A.speciosa, A. crypto­

poda, A.wickensii var. lutea, A. lutescens, p-coumaric acid 

10 rg, A.an;;elica , plus p- coumaric acid 10 ,WS, A. pachYl?;aster , 

A.mutabilis, A.melanacantha, A.munchii, A.hereroensis, 

A.pear sonii, A. comptonii, A.distans , A.mitrifor mis. 

When viewed under ultra-violet light the close chroma­

tographic similarity of certain species became obvious, for 

exampl e, A. comptonii, A. distans and A.mitriformis bear close 

resemblance to one another, as do A.pachygaster and A.hereroen­

sis , both of the latter producing a deep bl ue spot ( Rf 0 .07 ) 

with a l kali, which no other species possessed. Following the 

use of both spray reagents, the remarkable simil arity between 

A. crYpt opoda , A. speciosa and A.lutescens becomes apparent , 

whi£A.wickensii var. lutea is similar to these three but 

l acks certain spots. It will be recalled that these four 

species also have~a cow~on factor, inasmuch as they alone 

of the homonataloin group possess a spot which goes rose-pink 

with nitrous acid (see section 5 . 3.4 ) . The four species 

were consequently run in the above Solvent L (as dist inct from 

Solvent V used in section 5.3 . 4 ) and sprayed with the nitrous 

acid reagent, whereupon the pink spots appeared just above the 

startin,?; line (Rf 0 . 06 ) . This plate 1las oversprayed with 

Fast Blue B and resins appeared slowly as weakly oran-se spots, 

while purpl e spots also appeared. The bri~ht purple of 
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homonat aloin was unchanged by t his aftertreatment. 

RES I NS IN GROUP B. 

Reference tc fi ~ures 8 (i) & 8 (i ii) will show the r ela ti ve 

distribution of resins. Certain of these fluoresced deep 

bl ue after a l kali treatment, including the one mentioned 

previously (Rf 0.07 ), and a s pot j ust beloH homonataloin in 

the following species: - A. pachYsaster and A.hereroensis 

(both of which bad the spot at Rf 0 . 07 ), A. comptonii , 

A.distans and A.mit riformis . The alkali t r eatment revealed 

the p- coumaric acid markers and confirmed the absence of this 

acid from the Group B species. 

Treatment with Fast Blue B revealed se veral oran~e , 

brown or purple spots. Intense orange spots \lere observed 

as fo l lows: 

(a ) immediat ely above homonatal oin (frequent l y mersin~ wit h it ) 

.an~elica, A.melanacantha , A. pearsonii , A.comptonii , 

A. distans and A.mitriformis 

(b ) immediatelY belDi! homonataloin (frequent l y mer~ing with it ) 

( c ) 

A.suprafoliat~ , A.pachygaster , A.mutabilis, A.hereroensis , 

A. comptonii, A.distans and A.mitriformis. 

+ Rf 0.17 (- 0.01 ) 

A . an~elica, A.mutabilis, A.munchii , A. pearsonii , 

A. comptonii , A. distans and A.mitriformis . 
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(d ) other SPOtB 

Several other spots appear , the positions of which are 

best seen in fi .i!;ure $ (iii ) . The absence of resinous spots 

below the homonataloin level (Rf 0 . 52 ) is most noticeabl e in 

the followin~ f our species viz. A. speciosa, A. crvptopoda , 

A.wickensii var . lutea and A. lut escens , a l thouo;h two of 

these (A.cryptopoda and A.lutescens ) have ve r y s i mil ar resins 

above homonataloin at Rf's 0 . 76 and 0,$$. The spot at Rf 0 . $$ 

is common also to the follo;·.rin~ - A. speciosa , A ,mutabilis , 

A. munchi i and A. comptonii. 

CONCLUSION . 

As for the a l oin group , the fact that the homonataloin 

;roup contains several resins points to the possUm ori.'!;in of 

resins as bein~ anthranol ic condensat i on products. Para­

coumaric acid was absent from this group , or present below 

a concentration of 0 . 5% w/ v in the sap. 

$.7.10 GROUP C. 

For convenience, the 26 species in this .~roup were divi ­

ded into two ;roups , 15 being run on one pl ate and the remain ­

ing 11 sp8cies on another plate . 
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Group C (i ) 

from left to ri jht were the fol101ifin~: 

A "s randidentata , A'longibracteata, A. simii, A.fosteri, 

A.dyeri, p- coumaric acid 10 p~ , A.ammophila , A. petrophylla , 

A. branddraaiensis, A.saponaria, A. chabaudii, A.globuligemma, 

A.kara sbe rgensis, A. l onsistyla, A.pratensis, A.polyphylla. 

,Jhen sprayed wit h alkali it was observed that the p-coumari c 

acid was on a l Ovle r Rf than normal, which is accounted for by 

the longe r activating time used . Pink spots (anthraquinones ) 

in dayli j ht were observed only in A.chabaudii , appearing at 

Rf 0 . 28 and 0 . 89, while orange fronts were observed in the 

fol l owing: - A.longibracteata, A.simii, A. f oste ri, A.ammophila , 

A.petrophylla and A. karasber,ensis. 

Oversprayin~ with Fast Blue B revealed that only a few 

resins were present, notably in A. petrophylla, A. 'dobuligemma 

and A.chabaudii, but severa l purple spots appeared , as is 

shmm in figure 8 ( i v ) . 

" Accordin?; t o HORHAMMER , WAGNER , BITTNER & GRAF (1l3 ) 

certain oran~e coloured spots with Fa st Bl ue Bare p- coumaric 

acid - containin~ resins , or cinnamic acid resins , but purple 

spots have not been classified. In vie l ,,, of the appearance of 

coloured spots at the same Rf as p- coumaric acid in A.fosteri , 

A.chabaudii, A.karasber,ensis , A. pratensis and A.polyphylla 

these species were re - run in Solvent L, 1t/here it vla S seen that 
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p- coumaric acid was absent from these species. 

Group C (ii ) . 

'(laS as follows from l eft to ri~ht on the plate - p- coumaric 

acid 5 M~, A.reynoldsii, A. broomii , A . pe~lerae, A. succotrina, 

A.domimella , A. lineata , p-cOlwBric 10 ~g A.striata, 

A. ramosissima, A. plicatilis, A' pretoriens is and A.glauca . 

When sprayed with a lcoholic KOH the p- coumaric acid 

markers stood out clearly just beloiT the front, and p- -c oumaric 

acid was absent from all species. This rea:-se nt produced a 

dark yellolT spot in A.peg18rae at Rf 0.70 both by ultra-violet 

and dayli-sht. 

Overs praying "lith Fast Blue B produced several spots, 

mainly purple, redish brown or buff- coloured. These colours 

were recorded immediately when traced, but several purples 

had faded entir ely or changed to a buff colour not unlike pale 

orange, and it is thus difficult to say if these are resinous 

substances. Their inactivity with alkali v[Quld su,;:~est that 

they are not. 

Only in A--pe--;lerae ,-rere several orang;e spots observed, 

while the spot at Rf 0 . 70 vlhich had been dark yellow ',ri th 

alkali turned orange with Fast-Blue B and finally deep bla ckish 

purple. As this species had not been critically examined 

before, it ,ras r e - run at a later date and from its chromatc?;ra ­

phic appearance, and reaction with nitrous acid, appea r ed t o 
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contain homonataloin. This spot \{hen eluted and examined 

spectrophotometrical ly had peaks a t 347 , 295 , 273 , 250 and 

222 m? which confirms the presence of homonataloin in this 

species. 

Reference t o figures 8 (iv ) & 8 (v ) shows the several co l oured 

spots that appeared on spraying with Fast blue B, whil e an idea 

of the colour intensit y can be 3au~ed from the colour photo of 

Group C(ii ) in fi;ure 8 (i ) . From this i t wi ll be observed 

that a similar purpl e spot occurs at the front of A.lineata, 

A. pl icat ilis and A. glauca. 

It should be not ed that purpl e spots appeared in the 

f ollowing species - A.chabaudii , A. pratensis, A. succotrina , 

A. l ineata , A. plicatil is , A. pretoriensis, A. polyphylla and 

A. glauca, while purple tailins colouration fr om the base 

upward (varying heights ) appeared in A, lon-sibracteata, 

A. branddraaiensis , and ,'Teakl y in A. simi i, A .fosteri and 

A. saponaria . These colours faded rapidl y . 

8.7.11 CHROMATOGRAPHY USI NG SOLVENT P (ethyl acetate:methanol : 
water (100: 16.5:13.5 ) 

Solvent P suffers fr on the disadvantase that with this 

so l vent p- coumaric acid cannot be seen distinctly , as it is 

hi dden by other constituents. However , using this s olvent 

" HORHAMMER , WAGNER , BI TTNER & GRAF (113 ) were able to differen-

t i ate certain of the r e sins found in commercia l a l oes . These 
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aloes were Cape , East African , Socotra , Indian , West Indian 

and Natal aloes , and the r esins d8scribed by them we r e as 

follows: 

(i ) a resin immediately above aloin , which .las described as 

"p- coumaric acid - containing , " 

(ii ) a resin immedi ately above this (in Indian and West 

Indies aloes ) described as "cinnamic acid- containing" 

( iii ) a resin at approximately Rf 0 . 25 on Si l ica sel G plates , 

" which is the basic resin or "harz:srundcorper". They state 

that all of these are coloured oran.'~e by Fast Bl ue B, but only 

the first t :"lO are col oured blue with alkali. 

Consequently the Al oe species of Groups A, B & C were r un 

in this s olvent on Silica .:sel G pl ates , whereupon they were 

sprayed first with alcoholic KOH , fol l owed by Fast Bl ue B 

The resin spots common t o the species of Groups A & B 

a r e set out below according to Rf in Solvent P : 

Rf 0.35 : resin ( bri:~ht light blue under u.v ., increased by 

KOH , and orange '.!ith Fast Bl ue B in daylii!;ht ) . This resin 

was common t o many species of Groups A [.; B, and is al oesin. 

Rf 0.53 : r esin, (blue with KOH under u .v . , orange with Fast 

Blue B in daylight ) . This spot , located j ust under al oin or 

homonataloin , was present in the followin~ species: (Group A) 

A. dolomitica and A.vanbalenii ; (Group B) A.angel i ca , 

A. pachygast er, A.melanacantha, A.mutabilis, A. comptonii , 
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A.distans and A.mitriformis. In the case of the last three 

the resin encroaches into the homonataloin. 

Rf 0.61: aloin 

Rf 0 . 64: homonatal oin 

Rf 0.67: resin, (blue 'tIith KOH under u . v. light and orange 

" with Fast Blue B in daylight ) . HORHAMMER, ~JAGNER , BITTNER 

& GRAF (113 ) found this resin only in Cape and Natal commercial 

aloes . This is said to be a p-coumaric acid-containin~ resin 

and vms present in all the species of Group A & B except the 

following: A.reitzii , A.marlothii, A.vryheidensis, A.supra -

fo l iata, A. speciosa and A.munchii. It was absent from 

Group C. 

Rf 0.77 : resin, (blue with KOH under u.v . , orange 11ith Fast 

Blue B i n dayli.~ht ) . This resin has a similar location t o 

the cinnamic ac id-cont aininG resin described in Indian and West 

" Indies aloes by HORHAMMER et alia. (113 ) but they do not describe 

t he blue colour vlith KOH . This resin was present onl y in 

Group B in the species A.speciosa , A. cryptopoda , A. lutescens , 

A.mutabilis and A.munchii. 

Several purple spots at higher Rf ' s than aloin \Jere 

" described by HORHAMMER et alia (113 ) in East African, Socotra 

and West I ndies aloes. No attempt was made by them t o 

differentiate these purple spots. Purple spots were observed 

here in A. speciosa, A. candelabrum, A. exce lsa, A. sessiliflora, 
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A. reitzii and A. aculeata, and in several of the aloes of 

Group C. 

8.7.12 ALOES I N . 

Aloesin is the name .~iven t o a new C- gl ycosyl chromone 

from aloes, the structure of which has just been e l ucidated 

by HAYNES & co -worke rs (to be publ ished ) . 

8.7 .12.1 CHEMICAL REACTIONS OF ALOES I N. 

A sample of a l oesin (kindly supplied by the above ) had 

the follmlin~ characteristics: It "as a pale yel l O';I micro -

crystalline powder , readily soluble in met hanol to ~ive a 

yellow solution "hich f luoresced l uminous whitish blue under 

ultra violet lisht. 

This methanolic solution l iaS spotted ont o fi l ter paper 

and treated with certain rea5ents , a s shO\·m in table 8 (i i ) . 

Tabl e S(U ) CHEMICAL REACTIONS OF ALOESIN . 

Rea~ent. 

1) K104 
2) HN02 

3) M:; acetate 

4 ) KOH 5% alcoho l ic 

KOH 10% aq. 

5 ) Fast Blue B 

Instantaneous. After 7 days. 
Dayl i :;ht. U.V. Daylight. U.V. 

Nil 

Nil 

Nil 

yello., 

yellow 

oran "se 

Nil pal e yellm" 
3reenish yellow 

tin .~e 

Nil Nil 

bri~ht blue yellow­
brown 

deeper blue yelloVl­
br mm 

oran.'~e - red orange 

pink-mauve 
greenish-blue 

Nil 
bri :;ht blue 

bright blue 

orange - red 
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These reactions ""ere highly suggestive of the "resin" 

spot common to many species of Group A and Group B which had 

been studied s ome months previously. A r ecord had been kept 

of this luminous "hitish blue spot , but it ",ms decided to re - run 

all the Aloe species of Groups A, B & C in various solvents, 

using a l oesin as control, since it had been observed previously 

that spots on the same Rf as the luminous whitish blue spot, 

but of a ,reyish appearance , had redcted pos itively with Fast 

Blue B, su~ge sting masking by other compounds. 

8.7.12.2 CHROMATOGRAPHY . 

Chromato 'sraphy VIas performed on Silica ge l G plates usin~ 

the followinn; solvent systcms:-

Solvent V - chloroform: ethanol 95% (3: 1) 

Solvent P - ethyl acetate:methanol:water (100:16 .5 :13 . 5 ) 

Solvent R - Propcnol:ethyl acetate:water (4:4:3) 

Solvent L - e thyl acetic: 'Sl acial acetic acid:water (4:1:5) 

Solvent ,-
1' 1 - petrol ether (40o ) :toluene:xylene :methanol 

(4:1:1 :21 

Chromatography of the aloesin sample in the above solvents 

showed it not t o be a pure component, but as the appearance under 

ultra-violet li~ht of the two spots was identical , they are 

possibly isomers . One spot is far lar~e r than the othe r, and 

this is the spot which corresponds to the principl e found in 
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many Aloe species, and which is referred to here as aloesin. 

Since the aloesin I-las not a single entity, no meltin:; point 

determination was made. 

The species of Groups A, B &C (section 8.7.4 ) ,fere run 

initially in Sol vent P. The plates were then observed under 

ultra- violet light , and aloesin was obvious in certain species . 

At the same Rf was frequently observed a greyish spot not 

havin:; the same luminous appearance. These species were run 

in the other solvents to try to differentiate this greyi sh 

spot, uhich is frequently Fast Blue B posi ti ve. Sol vent II[ 

caused distortion of the spots and was discarded, Ifhile 

Solvent L caused a definite quenching of the luminous spot , 

it appearing bluer in t his solvent. (This effect , las use -

ful in the case of A.an;elica, since in Sol vent L the principl e 

at the Rf of aloesin was identical in colour to the control , 

whereas in the other solvents it fluoresced a deeper bl ue. ) 

The positive reaction of a l oesin ·,lith Fast Blue B is 

interestill';. Although the r eaction is attributed almost 

exclUSively in the literature to resins , the reagent actually 

indicates phenolics and amine s capable of couplin:; (section 

8.5.3 ) . It is doubtful if aloesin is in fact a resin, and 

the publication by HAYNES on its structure is awaited with 

interest. 
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RESULTS. 

Aloesin was positively present in the followin.~ species, 

on ~rounds of Rf identical to the control , ultra- viol e t 

appearance and reaction with Fast Blue B: 

A,ferox, A.candelabrum, A, excelsa , A.cameronii , 

A,sessj J ;fJora , A.reitzii , A.acul eat a , A.marlothii , A.vry-

hejoensis, A.africana , A.dolomitica , A.castanea, A. vanbal enii 

(i . e. all of Group A except A.arborescens ) A.mutabilis, - ------, 
A.munchii, A.pearsonii , A.c omptonii , A.distans , A.mitriformis. 

In the f ollowing species a s pot occurred at the same Rf as 

a l oesin but differin~ i n colour. This spot, which was Fast 

Blue B positive, occurred i n the followins: A.an~elica, 

A.melanacantha, A. pe glerae, and A. petrophvlla . From the 

appearance i n t he above solvents , a l oe sin is probably present 

in A.angelica and A. petrophylla and possibl y present in 

A.melanacantha and A. peglerae . 

Table 8 (iii ) Rf VALUES OF ALOESIN . 

Sol vent. Aloesin. 

p 0.37 

V 0.21 

R 0.64 

L 0 . 23 

Aloin. 

0. 60 

Homonataloin. 

0 . 65 

0 . 86 

0 . 60 
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$.7.12.3 ULTRA - VIOLET SPECTRUM OF ALOESIN. 

When chromato?;raphed in Solvent V (T.L.C. ) a l oesin formed 

t ,ro spots , the larc;er l ower spot bein~ aloes in, and an upper 

smaller spot of identical appearance. These were cut off 

and spectra were run on a Beckman D.B . spectrophotometer fit t ed 

with a recorder (l cm ce lls, solvent methanol ) . 

Aloesin had a broad clearly- defined peak at 296 m~ , with 

a valley at 256 m)l rising sharply t o g ive two small , sharp 

peaks at 252 m)l and 21,4 m)l. These peaks are identical to 

" those described by BOll-IE & KREUTZIG (2$ ) for their "Harzsubstanz 

Rf 0.31" (section 8.3.4 ) . The smaller upper dot had no 

clearly-defined peaks, increasin.';. steadil y in optical density 

from 360 mf.! to 220 m)l , with a hump bet\-reen 320 and 2$0 mf.!. 

8.7.12 . 4 HYDROLYSIS OF ALOESIN. 

See in:; that aloesin is a C - ~lycosyl compound it was decided 

to hydrolyse the compcund to see if the a:;lycone was an 

anthraquinone. To this end a few milli:;rammes of al oesin were 

refluxed with 10 ml of 5N HCl containing 20~ ferric chl oride 

for four hours on a boilin:; wate rbath. 

After this the solution was ext r acted separately with 

5x5ml portions of ether and later ethyl aC,etate. Each was 

washed free of ferric ions , concentrated to a small volume 

and chromato~raphed in pclar and non - polar sol vents. 
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It i las evident that nloesin no l onger remained in e i ther 

the hydrolysate or the etherecl or ethyl acetate extract s . 

Onl y a fell grey spots became uvident under ultra- violet li:~ht , 

and no spot reacted either with ammonia solution or ma~nesium 

acetate rea:,;ent. The solutions ,le r e similarly ne~ative -

hence the a~lycone is not an anthr aquinone derivative. 

8.7.13 ELECTROPHORESIS OF RESINS. 

Two species, A.ferox and A.speciosa , were sub jected to 

e l ectrophoresis to ascertain the char~e on the resins , which 

in turn might give an i ndication of chemical '~roups on the 

molecul es. 

Dilute methanolic solution (0 .01 ml l of the two Aloe 

species were transferred t o Vlliatman No. 1 paper , a 2 cm ' line' 

being made wi th the micro - pipette at the centre of the paper , 

Nhich was 30 cm lon~. 

Use was made of the Shandon Unikit apparatus (3 50 volts, 

10 rnA 1 and separate runs ,{ere performed in acid buffer , neutral 

buffer, and alkal ine buffer. In acid buffer very little 

mi~ration had occurred even after 25 hours , but in alkal ine 

buffer ,~ood sepa.ration vlaS achieved in 4i hours. The papers 

were 1de l l - dried before a heate r immediately on remova l to 

curtail diffusion , then viewed under ul tra - violet li ,~ht. 

This Aas followed by sprayin~ with alcoholic KOH , and when dried , 
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by spraying with Fast Bl ue B rea~ent . 

ACID BUFFER: 

Equal vol umes of acetic acid N/IO and ammonium acetat e 

N/ 25 were used (pH .3 . 5 ) . I n this buffer the glycanthrones 

migrated further than the resins , vrith the exception of a resin 

in A.ferox which appeared on spraying wi th alcoholic KOH . 

Migr ation \va s towards the ne gative pol e , vn th the exception of 

a flavonol in A.speciosa, which migrated t owards the positive 

pole . The resul ts are set out in tabl e 8 ( i v ) , distances bein~ 

measured from the startin~ line to the centre of the spot. 

ALKALINE BUFFER : 

Equal vol umes of ammonium hydroxide N/IO and ammonium 

acetate N/25 Her e used (pH 9 . 7 ) . In this buffer 'sood 

separa tion occurred) >lith several resin spot s appearin ~. 

Despite the shorter running time , f a r ::sr eater miJ;ration of 

the resins occurred , but migration of the '!; lycanthrones -.. !as 

smal l. 
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Table 8{ivL ' 

Distance in u . v . KOH (uv) Fast Blue B CH.\RGE compound 
cm 

A. ferox ( Acirl, buffer) 

0.7 light blue blue + ve r esin 

1.6 orange yellow-orang.:= brown yellow + ve aloin 

2 . 4 light blue + ve resin 

A.spe ciosa (Acid buffer) 

1.2 blue blue + ve resin 

2.0 brick red red mauve + ve homonataloin 

10.0 yellowy green greenish + ve flavonol 

A.ferox ( Alkaline buffer) 

0 .3 orange yellow orange + ve aloin 

0 . 9 pale orange pale orange + ve ? 

4 . 8 blue - violet br ight blue orange + ve resin 

6.6 lichen green blue orange + ve r esin 

(8 . 0) blue orange + ve diffused 
resin 

9 . 3 lichen green pinkish purple - or ange + ve resin (? ) 

(ll. C) pinkish faint orange + ve diffused 
resin 



---------------------------------~ ~ J. -------------------------------------

Distance in 
cm 

A.specios a 

0 . 8 

1.5 

3.4 

6.1 

8 . 1 

A. f erox 

1.4 

2.3 

2.1 

A.speciosa 

1 . 6 

2 

u.v. KOH (uv) 

(Alkal ine buffer) . 

ye 11 o"y green green ish 

brick r 02d red 

violet viole t 

dull mustard 

dull mustard 

(Neutra l Buffer) 

pale beige­
grey 

or ange 

dull green - ' 
brown 

ye llowy­
orange 

(Neutral Buffer) 

ye l lC'4 greenish 
yel"bw 

brick r ed red 

Fast Blue B CHIIRGE compound 

+ ve flavonol 

mauve - ve homonataloin 

f o. int mauve - ve resin 

mauve - ve resin (? ) 

deep mauve - ve resin (? ) 

pale orange - ve r es in 

faint mauve - ve r esin (0) 

+ ve a loin 

- ve flavon ol 

deep pur pl e + ve homonataloin 
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I n this buffer the r esins were stron<:;ly e lectrone~ative , 

homonataloin mi3rat ed 1 . 5 cm tOloJ'ards the positive pole, but 

a l oin a ppeared t o mi grate (0 . 3 cm ) towards t he negative 

pole. However, this fi~ure is s o sma ll that diffusion 

could have occurred . The principle observed before in 

A. speciosa (f l avonol ) had moved 0.8 cm tc ,mrds t he ne~ative 

pole in contra st t o its movement of 10 cm t o\iards t he positive 

pol e in acid buffer. The se results a lso appear in table 8 (iv ) . 

NEUTRAL BUFFER: 

Use was made of Beckman buffer of pH 7 . 0. In this 

buffer the main resin s pots (as shown by Fast Blue B r eagent) 

had diffused on e ither side of the start i ns streak to a 

diatance of approximate l y 1 cm during t he 23 hours runn i n ''S 

time. This resin spot gave with Fast Bl ue B a mauve co l our 

(A.spe ci osa ) and oran~e (A. ferox) . The glycanthrone s had 

migrated a short distance t mmrds the ne?;ative pole , while 

the suspec ted flavonol occurrin 5 i n A. speciosa , and a weakly­

reacting spot which tailed in A. ferox, had migrat ed t Olfmrds 

the pos itive pol e for short distances. 

appear in table S(iv) . 

The exact r eadings 

Both in ac i d and in neutral buffer the movement of 31y-

canthrone s was small even aft e r a protracted run exceedin3 

20 hours, and was of t he order of 1 .5 -2 cm . In a lka line buffe r 
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their movement was negliGible. 

Movement of the resins Has even smaller i n ac id buffer 

and neiligible in neutral buffer, but in alkaline buffer the 

movement of resins Vias l ar;e , being of the order of 8-10 cm in 

the re l at ively short time of 4~ hours. Their miisration t owar ds 

the positive pole in a lkal ine buffer is su,,!;ge stive of carboxyl 

'Sr oups, which . iOul d be in accordance with Kiefer 's (ex 237) 

isclation of three r esins due to their s olubility in sodium 

bica rbonate s ol ution . 

8 .7. 14 DISCUSSION OF THIS CHA PTER . 

It is clear that more tha n one resin is common t o species 

found in both Group A and Group B studied here, but ndin 

Group C. (McCARTHY ~ PRICE (150) ) . Since Groups A & B 

are ant hrone - contai ning , and Group C is not , it would s eem 

that ther e may be some substance i n the theory that resins are 

condensation products of anthranols or anthraquinones 

(RAMSTAD (175 )) . The prevalence of a l oesin in aloin- containers 

is strikin~ , and one wonders if it could be a precursor . 

However , it does not appear to be an anthraquinone derivatives . 

Para - coumaric ac id . 

The met hod described here usin;!: Solvent L and thin- layer 

chromat os;raphy is suitable f or identifyin:; p- coumaric acid , 

espeoially in fresh saps where no masking anthraquinone 
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a .'~lycone is present, provided the concentration is high 

enow;h. Using 5 }l .~ or a 0.2% w/ v solution of p- coumari c 

as marke r it \las shown that at that concentration p- coumaric acid 

acid Vias absent from all these Aloe species (with the po s sibl e 

exception of A. chabaudii ) . (I-kCARTHY & PRICE (150 )) . 

Houever, since p- coumaric acid is tuberculost atic below a 
;, 

concentration of 0.01% (DOFF (60 )) , chromatosraphic methods 

cannot be relied upon t o show compl ete absence of this com-

pound from Aloe juice , microbiol ogical methods beins more 

s ensitive. Hhat can be sho\-m, hOlrleVer, is that reports by 

earl ier ;wrkers , who claim to show the presence of p- coumari c 

acid in Aloe species by chromatosraphi c methods, are erroneous. 
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C HAP T E R 9. 

r.lETABOLISl'-j OF ANTHRACENE DERIVATIVES. 

9.1 INTRODUCTIOIJ. 

I n recent '[ears several papers have been published 

re;ardin~ the metabolism of anthracene derivdtives, the 

plants cor· cerned bein-; Rheum palmaturn , Rhamnus purshiana, 

Rhdmnus fran cula and Rumex alpinus. Apart from ork b~' 

!·kCARTHY (_ VAN OUDTSHOORN (ll.9) on to Aloe species (A. ferox 

and A.marlothii) , no "ork has been performer! on Aloe spfO ci e s. 

Consequentl y in thi.s Hork the monthl y variat ion of the 

anthracene derivatives in four Aloe species has been studied , 

simultaneously with the monthlr variation of or~anic acids 

in those same species. The reason for this is that previous 

I<wrk on A.ferox by McCARTHY (l I,6 ) seemed to indicate that 

wind had a profound effect on aloin content of the species , 

measured monthly, and it was thou~ht that the simultaneous 

study of both anthracene derivatives and or\anic acids in 

the species mi-;ht reveal a patter, possibly associated "'ith 

water balance in the plant. 

9.2 WORK ON OTHER ANTHRACENE- CONTAINING SPECIES. 

A study of the si-;nificance of anthracene derivatives 

to the livins plant of Rhamnus purshiana has been made by 
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BETTS &. FAIRBAIRN (17 ) . For anal ysis, use was made of 

l eaves , and the bark of shoots , and ana l ysis .vas of C- <;ly­

cosides , O- ~lycosides and of anthraquinones , all ca l culated 

as aloe - emodin . r·~arked vari at ion in the classes and total s 

of anthr acene derivatives occurred throu~hout the year , 

su~~estin~ that these compounds are concerned .,ith metabolic 

processes , since if they were mere l y waste products , one 

would expect ao;radual accumulation or a fairl y steady con­

centrat i on throu,hout t he year . I n the opinion of the authors , 

the C - ~lycosjd e s represent the stora~e form of the anthracenes, 

since the proportion of C -~lycosides to total anthracenes 

increases markedly from the leaf and youn, shoots to the 

oldest bark. 

A rapid increase in total anthracenes in the older and 

voun~ barks.las observed from January to April (,linter to 

Sprin~ in the Northern heMisphere ), whereas, apart from an 

initial drop ( in Sprin-, ) , the anthracene derivatives in the 

l eaves did not var" much durin q; the season . Thus mat ure 

leaves may act as synthesisin~ sites , the products bein~ re ­

moved constantly to the shoot and older bark fo r stora ~e until 

the followin,; Sprin,. 

Workin~ on the close l y related species Rhamnus fran~ula, 

NIHOULE- GHENNE (164 ) came to similar conc l usions. She showed 

that there was a drop in combined anthracene derivatives of 
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the bark in the ~vinter , su ;:;estin~ mi -;ration to stora;e 

or;ans. There "as a marked rise i n the Sprin·, which co incid-

ed with earl y development of the leaves, and later the photo­

synthet ic activit y of t he leaves enabled the stores to be 

replenished. 

" SCHRATZ e, NIE1:IOHNER (188 ) have st udied the shoots of 

Rheum palmatum at all sta:;es of development both for type 

and quantity of anthraquinones. The'.' found that the distri -

but ion of anthraquinones was even more complicated than in 

the previously described speci~s. 

Thus the embryo was found to contain a small amount of 

chr ysophanol and rheum - emodin , while the cotyledons contained , 

in addition , a l oe - emodin. Aloe-emodin remained only in 

the first primary l eaves but re - appea r ed later i f) the fruit 

a l one. 

With the exception of the actual deve lopment sta~es, 

the main constituent of the shoot r epresents rheum - emodin , 

'lith chrysophanol as the secondary constituent. The shoots 

thus diffe .'ed from the roots in their lack of rhein. 

The distribution of anthraquinone in the fullv q; rown 

leaf is also i nt erestin; , since the content increased uni -

fo r ml y and intensely from the petiole towards the tips of the 

main ribs . Accordin; to the authors the a :>;ein's and dyin -; 

of t he leaf is accompanied by an enrichment i tl anthraquinones. 
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The work of LUKIC (144) on Rumex alpinus is conc rned 

more with monthly content varidtion than with distribution 

throu~hout the plant of specific anthraquinones. In con­

trast to the findin~s of BETTS & FAIRBAIRN and NIHOUL-GHENNE, 

the anthraquinone content of the root and rootstock, in this 

case, fell in Summer, but similarly had its hi;hest point in 

However, a study of the oxidised ~lycosidally-

bound form showed a rise in the Summer months, althou~h the 

anthraquinone by contrast, showed almost the complete anti­

thesis. In fact, the action of the two forms seems a lmost 

complementary inasmuch as when one falls the other rises . 

The fact is stressed, as a similar occurrence will be demon­

strated later for the C- s lycoside and O-~lycoside of 

A.africana studied here. A rise in the Summer months of 

the C-~lycoside, aloin, has been observed by McCARTHY & VAN 

OUDTSHOORN (149) for the species Aloe ferox and Aloe marlothii. 

Aloe species differ from the previously named spec ies, 

inasmuch as the anthracene derivatives, which are mainl y 

C-~lycosyl compounds (o r ~l ycanthrones ), are almost invariably 

confined to the leaf, and more specifically to the leaf sap, 

since well-studied species such as A.ferox and A.vera show 

well-defined aloinaceous cells in the l eaf. Apart from the 

~lycanthrones aloin and homonataloin, VAN OUDTSHOORN (227 ) 

has shown chrysophanol and chrysophanol ~lycosides to exist 
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both in the l eaves and roots of five Aloe species. 

Consequently in thjs work not onl' the leaf sap of the 

four species has been examined , but also the seeds , fruits , 

flo','le rs , stem bark and outer stem wood. 

9.3. THE FUNCTION FO GLYCOSIDES. 

Since the leaf sap of the four species studied is kno,m 

to contain only ~lycoside s , th e question arises as to what 

may be the possible function of the ~l yc osides i n the plants. 

It has been mentioned that BETTS 8r. FAIRBAIRN (17 ) consider 

the C -~lycosides as stora,e forms of the anthracenes , yet 

A. ferox , A.africana , A.arborescens and A.speciosa appear to 

contain no anthracene derivative apart from the "lycanthrones. 

Accordim; to r·:EYER & ANDERSON (155 ) the role of ~lyco ­

sides in the metabolism of plants is obscure althou~h it is 

possibl e that they ~ay serve in a minor way as stora~e foods. 

STEELE (207 ) has several su'nestions for the functions 

of ~l ycosides , a ) that the; are reserve food material s , 

since some ~lyc osides have a definite seasonal variation , 

often accumulating; in Autumn and \linter and disappearinq; in 

Sprin~ when more active metabolism sets in, e.;. sa l icin and 

arbutin; b ) the removal of injurious substances . This is 

thouT,ht to heprobabl',r the most ~eneral function of the ~l y­

cosides, namely the conversion of a~lycones which are insoluble 
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(and susceptible to oxidation and polymerisation ), into 

so l uble chemica lly stable and inert substances; c ) that they 

act as antiseptics and hormones. STEELE points out that 

many a~lycones are antiseptic and bacte ricidal and as a 

correspondin~ enzyme is so often adjacent to the 51ycoside, 

their presence may effect some contro l of invasion by disease 

or injury; d) biolo ~ical function. Since manv ~lycosides 

are toxic to an i mals the~r may protect the plant from raid3 by 

animal s until the appropriate time for distribution of t"he 

seeds , which often coincides ,-dth a decrease i n -Slycosidal 

content as fruits mature. 

Ilhatever the function of -;lycosides in the pl ant , there 

seems no doubt that the 31ycosidal form of anthraquinones is 

more effective pharmacoli 3ically in man than the a ~lycone. 

Accordin~ to FAIRBAIRN (74 ), it has been established that the 

presence of sU3ar -;roups is essential for the pur~ative 

activity of anthraquinone 31ycosides. Further , increase in 

su-;ar ~roups seems to l ead to even ~reater activit y . The 

su-sars ma y also protect the a 31ycone from destructive enzymes 

as has been shown to occur with certain flavonoid 31ycosides. 

9." THE EFFECT OF WIND. 

Earlier ,.;ork by McCARTHY (146 ) on A. ferox seemed to indj.­

cate that wind had a profound effect on aloin production 
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inasmuch as aloin content fell in months of hio;h wind and 

rose as wind velocity dropped. No reason for this could be 

put forilard unless shrinkao;e of the leaf surface , which is 

known to occur , could possibl y be interferino; with the 

aloinaceous cells lyin~ just beneath the cuticle. 

A l eadino; authorit y on the effect of wind on plants , 

Dr. ',lhitehead , su'S?;ested in a private communication thdt 

possibl v ~'lhat was bein; refl ected \~as the plant's efforts to 

maintain water balance durin'!, periods of hio;h wind , water 

mio;ratin'!, away from the l eaves , which are oro;ans of transpira ­

tion . 

'.'lHITEHEAD (239 ) and ',JHITEHEAD &. LUTI ( 240 ) have studied 

the effects of wi nd on the o;rowth of, respectively , 

Heliaanthus annuus and Zea mays. In the case of the former 

it was shown that hi ~her wind speeds tended to produce 'sreater 

water loss from the shoots , ,lhich consequentl y shrank to reduce 

shoot area while root area increased , allo\lin '~ ;reater 

moisture uptake and restorino; the water balance of the plant . 

With Zea mays it Has found that wind- treated l eaves ~lere much 

thicker and wider than controls of plants <; rovm in absence of 

wind . Furthermore, stems -.lere thicker and shorter , roots 

more eloD',;ated , so that water lost by transpiration was much 

less than that of the controls. Another method of conservin s 

plant moisture is by sheddi n, of l eaves (to reduce the 
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transpirin~ surface ), by the closin~ of stomates, or by 

incipient dyin~ of the cell membranes (T RANQUILLINI (219 )) . 

Aloe plants frequently bear dead leaves. 

Accordin~ to MEYER & ANDERSON (1 55 ) a ~entle breeze is 

relatively much more effective in increasin~ the transpiration 

rate than winds of ~reat ve l ocity , probably due to stomatal 

closure in the latter case. Thus months of l ow wind ve l ocity 

would be in concordance with hi~h aloin concentrations in 

the leaf, and vice versa. 

9 .5 EXPERIMENTAL. 

I n view of the foregoins arguments it was decided to 

study the monthly va riation in both 'o;lycanthrone content and 

in or~anic acid content. It was assumed that if wind caused 

moisture l oss and consequent increase in concentration of 

;lycanthrones, a similar rise should occur in or~anic acid 

content, a l ways bearin~ in mind that no knowled 'o;e was held 

of the possible mi ~ration or acceptance across the cell mem­

branes, of one or other compound due to osmotic ef fec ts. 

To this end four species we re selected , the f i rst two 

named havin~ a thick hard cuticle, t he latter t wo havin~ f ar 

softer, more pliable l eaf tiss ues : 
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A.ferox containin~ a loin 

A .africana containiw,; a l oin and aloinoside 

A. arborescens containir:o; aloin 

A. sI2eciosa containino; homon3.taloin. 

Each month a ledf was cut from each species and the sap 

analysed for o;lycanthrone content in the manner described 

be l m'! , and for acid content in the manner described in 

section 10.5. 8 . Collection was at 8 a.m. to eliminate 

possible diurnal variation i n leaf content. 

9.6 ANALYTICAL PROCEDURE FOR GLYCANTHRONES. 

A wbio;hed amount of fresh sap was made up to a set 

volume with methJnol . The ·~l ycanthrones !"Jere separated by 

thin- layer chromotoo;raphy on Silica ~el G in chloroform : 

ethanol 95% (3:1 ) . The spots were localised under ultra-

violet li -;;ht and transferred to centrifuge tubes, 5 ml of 

methanol added , then centrifuo;ed and finall y filtered 

throuo;h fine filter paper. This solution was read in a 

spectrophotometer at 360 mM for aloin and a l oinoside , and 

at 294 mp for homonataloin , usino; 1 ern quartz cells , and 

methanol as blank. For the former determinations use was 

made of a Unicam S.P.600 spectrophotometer , and for the l at ter 

a Beckman D. B. spectrophotometer. 

was performed in triplicate . 

For each species the test 
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To obtain the ~lycanthrone present as a percenta~e of 

the dried sap , an aliquot of the fresh sap was dried to 

constant wei~ht at 105°C at the same time to determine 

its moisture content. 

9.6. 1 PREPARATION OF STANDARD GRAPHS. 

Standardo;raphs for homonataloin and for aloin were 

prepared, but not for aloinoside, as VAN OUDTSHOORN (227 ) 

had shown tha.t the t\vO latter substances have similar ext inc -

tions at 360 mjl. Consequently aloinoside is actually cal-

culated as aloin in this work. The pure substance in each 

case , was dissolved in met hanol, and ~raded dilutions were 

prepared to contain the micro~raw~e quantities per 5 ml 

methanol as depicted in tab~e 9 (i) . 

(The ~raph for aloin is that of McCARTHY (146 ) (1964 ) . 
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Table9 (i). CONCENTRATIONS AND EXTINCTIONS FOR STANDARD GRAPHS . 

Glycanthrone Concentration Ext inct ion . 

20 

40 

60 

80 

109 

120 

294 m).l 
(homonataloin ) 

0.195 

0.292 

0.375 

0.488 

0.68 2 

0.720 

360 mll 
(al oin ) 

0 .122 

0.244 

0.3 28 

0.428 

0.577 

0.633 

9 .7 DESCRI PTION OF ALOE SPECIES USED FOR MON THLY VARIAT I ON. 

A.africana was unbranched , 4- 5 feet in hei~ht and ~rew 

on a rocky terrace in a small public ~arden in Port El izabeth . 

A .arborescens I,as some 3 feet hi ~h ~rowin" on flat ~round 

ith several other A.arborescens plctnts . It ~rew in a private 

o;a r den , but the area viaS unfortunate l y shaded f or a lar~e 

pa r t of the da:' which mi"ht account for both the l ow a l oin 

and or~anic acid content. (It had been found that A.africana 

o;rolill in the sh~de had a ver y low a l oin content. ) It was 

used after a previously s elected A.arborescens .las destroyed 

by vandal s three months after \lork had commenced. 



220. 

A.ferox was some 5 feet in height, growin'S on a rocky 

terrace in a P.rt Elizabeth park. It w~s selected because 

it had been studied previously for aloin variation 

(McCARTHY 1964 (146 )) and it was thoughtthat the comparison 

of the two years would be interesting. Unf~rtunately it had 

developed leaf scale, and this grew progressively worse , 

infecting nearly every leaf. 

A.speciosa grew in the same park as A.ferox , but on 

flat ground. It was a magnificent specimen , having healthy 

leaves . It was some 9- 10 feet high , and bre.nched into nine 

' heads' of lefl.ves . These same plants were also used for 

the monthly variation in organic acid content. (Chapter 10) 

9 . 7.1 SELECTION OF LEAVES. 

Many variables exist in plant analysis, included amongst 

which is the possible variation in content of active consti ­

tuent either in varieus plant parts, or in the case of leaves, 

at var ying levels of the plant. 

Thus VICKERY (232) & (233 ) found that the content of 

organic acids in tobacco leaves varied throughout the plant, 

but that the middle leaves had the most uniform distribution 

of acids. For A.ferox McCARTHY (146 ) had found that aloin 

content varied least for leaves on the same level ~n the 

plant , while BETTS & FAIRBAIRN (17 ) , to reduce sampling 
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error as much as possible, collected samples at equivalent 

positions on the tree of Rhamnus purshiana. 

Neve rtheless , it was decided that before work could be 

performed on the species A. africana, A.arborescens and 

A. speciosa, their glycanthrone content at a fixed level on 

the plant would have to be determined. 

anal yses appear in table 9 (ii). 

The results of these 

(Had it not been for the fac t that the same l eaf was 

used for both glycanthrone and acid det erminati0n, the 

method of VAN OUDTSHOORN (see McCARTHY & VAN OUDTSHOORN (149 )) . 
of incising the same leaf monthly would have been resorted t o 

as being the method l east likely to produce untoward variation.) 

Table 9 (ii) GLYCANTHRONE CONTENT OF NEIGHBOURING LEAVES. 

Species. Glycanthrore % in sap. 

A.arborescens a) 8.2 , 8.7, 8.9 
b ) 10.2, 8.9, 8.7, 9.3, 8.7, 8.1 

A.speciosa 10.4, 10.5, 12.8 

A.africana a) 5.9, 5.3 , 6.1 
b ) 4.1, 2 .0 , 2.1 

A.ferox (1964 ) 14 .0 , 13.6 , 12.8 . 
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Thus it will be seen that although a close agreement is 

gene rally reached, in some in st ances a neighbouring l eaf may 

vary somewhat considerably, which makes the inter pretation of 

the final graphs all the more difficult. 

9. 7.2 QUANT ITIES OF SAP USED AND CA LCULATION OF RESULTS . 

Si~c e a micr o- pipette of accurate calibration 0.006 

ml was used , sampl es we r e made up to 6 ml wi t h me t hanol, 

which s implif i ed calculat i on of r esults as follows : 

Percentage glycanthrone = microgrammes (from gr a ph )X100 
mgm 'of sap in 6 ml methanol. 

For extinction readings in t he regions of 0 .3 - 0.4 , t he 

f ollowing we i ght s of sap we r e found s uitable: 

A. f erox 0 . 6g in 6 ml methanol. 

A. af ricana l.Og !r 6 ml methanol. 

A.arborescens 0.2g in 2 ml methanol. 
(= o.6g in 6 ml methanol) 

A. speciosa 0 . 4g in 6 ml methanol. 

In the case of A.arborescens it should be noted tha t 

rarely could more than 0 . 2~ be obtained from a l eaf we i ghing 

circa BOg. In the case of A. spe ciosa the sap "gels ;' very 

quickl y , and in all cases t he sa ps we r e used within 30 mi nutes 

of colle ction . 
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9 . 8 RESULTS OF MONTHLY ANALYSES. 

The results obtained are tabulated in tables 9 (iii ) to 

table 9 (v). The relevant gr aphs appear in figure 9 (i ) . 

At each monthly analysis, A.arborescens and A.africana 

were analysed together, one day before A.fer0x and 

A. speciosa. For simplicity they have been grouped in the 

same manner together with the weather statistics fo r each 

month (kindly supplied by the Meteorological Office , Port 

Elizabeth ) to allow rapid correlation. In figures 9 (it & 

lO(iv) appear comparative gr aphs of the four species for 

~lycanthrone content and for acid content. The t ab l e for 

the acid content is to be found , however, in table lO(vi) . 

A record ,laS kept throughout of the weather en the day 

of collection of samples, but as this does not seem to have 

had any bearing on the results, these are not reported. 
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Table o(iii) . GLYCANTHRClTE CONTENT OF A. ARBORESCENS ;} A .. 4FRICANA. 

Glycanthrone content % Aver.Temp. Relative Rainfall '-'ind 
Hind 

Date . A. arborescens A.africana r;onthly 
aloin aloin alo)_TIos ide 

Co . Humidi ty mm . mph. 
hours . 

% 

llarch 20 . 8 76 37·3 7.6 

Apri 1 (1/5/65 ) 4.3 6 . 4 18 .3 77 34.8 8 . 9 553 

Pay ( 28/5/65) 4.9 7 .4 15.2 77 84.9 8.0 539 

June (29/6/65) 3.0 4 .1 7 .7 12.1 74 52.3 4.7 419 
~ 

July (30/7/65) 4 . 0 4 . 8 6.4 14.1 82 29.9 4·9 382 '" '" .p. 

Augus t (1/9/65) 
~ 

3.4 4 . 2 7 . 9 14.5 81 21. 2 7.3 502 

Septembe r (27/9/65) 2 . 9 4 . 8 6 . 7 15 · 2 8c 27.2 7 . 1 470 

October (28/10/65) 5 . 2 4 . 0 6 .1 15.9 81 118 10 .1 6C8 

November (24/1.1/6 5 ) 2 . 8 3 . 8 4 . 7 17 . 2 79 92.7 10.5 579 

December (29/12/65) 4.0 4 . 6 5.1 18.3 72 25.7 13.7 601 

January (28/1/66) 7 . 1 5 . 2 7 . 3 21. 2 81 2(, . 3 8 . C 588 

February (25/2/66) 7 . 2 4.3 7 . 6 23.9 81 81. C 12 . 4 590 

J·!arch (1/4/66) 5 . 6 4.4 6 . 8 21.1 84 27 . 3 10 . 7 624 



Table 9(iv). 

Glycanthrone conten t % Relative Rainfall T,l ind Wind 
Date . A.ferox A. speciosa Ave~6:emp . Hum~dity 

mph. ilonthly 
Aloin Homonat aloin mm . hours. " --" 

March 196 5 20 . 8 76 37.3 7 . 6 

April (1/5/65) 9 . 6 11. 8 18.3 77 34 . 8 8.9 553 

Hay (29/5/65) 11 . 2 11. 9 15 . 2 77 84 . 9 8 . 0 539 

June (30/6/65) 9.4 16.8 12 . 1 74 52 . 3 4 . 7 419 

'" July (31/7/65) 7 . 9 18.7 14 . 1 82 29 .9 4 . 9 382 '" Vl 
~ 

August (2/9/65) l C.6 15 . 7 14.5 81 21. 2 7 . 3 502 

September (28/9/65) 10 .5 19 · 0 15.2 8C 27.2 7 . 1 47C 

October (29/10/65) 11.4 19 .3 15 . 9 Sl US . O 10 .1 608 

November (25/11/65) 10.4 17 . 3 17 . 2 79 92 . 7 1C . 5 579 

December (3C/12/65) 10 . 0 20 .4 18.3 72 25.7 13.7 601 

January (29/1/66) 9.8 18 . 1 21. 2 81 20 . 3 8 . 0 588 

February (26/2/66) 12.5 23.3 23 . 9 81 81. 0 12.4 590 

l1ar ch (1/4/66) 10 .4 23 .2 21.1 84 27 . 3 10 . 7 624 
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Table 9 (v ) . A . AFRI CANA : PERCENTAGE GLYCANTHRONES IN 
FRESH SAP . 

Month. Aloin % Aloin %. Total %. Ratio aloinoside 
- os ide a l oin 

1965 

April 4.3 6.4 10.7 1.49 

May 4.9 7 . 4 12 . 3 1. 51 

June 4.1 7 . 7 11.8 1. 87 

July 4.8 6.4 11.2 1.33 

August 4.2 7.9 12 . 1 1. 88 

Sept embe r 4.8 6.7 11. 5 1.39 

October 4 . 0 6. 1 10 . 1 1. 51 

November 3.8 4.7 8 .5 1.23 

December 4.6 5.1 9.7 loll 

1966 

January 5 . 2 7.3 12 .5 1.41 

February 4.3 7.6 11. 9 1. 76 

March 4.4 6 . 8 11 .2 1. 54 

9.9 ANALYSES OF PLANT PORTIONS OTHER THAN THE SAP . 

a ) Fruits and seeds. 

Fruits from the four species were collected in June/July 

and all owed to dry spo~taneously. They were then divested 
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of their seeds . 

The seeds and portions of the fruits were separately 

pla ced in a mixture of chloroform/ethanol (3: 1) and with 

the exception of the seeds of A.ferox and A. speciosa, imme ­

diately gave yellow coloured solutions. 

Further s eeds were taken for these two species and 

after cutting with a fine blade , these were ground with a 

glass rod . 

ethanol. 

These were then extracted with hot chloroform/ 

Each solution was then chromatographed on Silica gel G 

plates in the solvent chloroform:ethanol (95%) (3:1). On 

removal the plates were dried and sprayed separately with 

a l coholic KOH followed by Fast Blue B reagent, and also 

with magnesiulll acetate r eagent, followed by heating at 

l05 0 C for 5 minutes. 

Results. It was observed that the seeds gave no chroma -

to.graphic picture a part from a spot a t the solvent front for 

A. africana and A.arborescens which turned red with both the 

alkali and magnesium acetate reagents, suggesting an ant hra ­

quinone derivative . 

All four fruits, however, produced several spots which, 

from their reactions with the sprays, appeared to be pigments. 

However, at the front of each frui t was a spot which re acted 



like an anthraquinone . 

and seed . 
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Resins were absent from both fruit 

Consequently, since aloe - emod in a lso runs to or near the 

front in this solvent, they were re -run in benzene/ace tic 

ac id ~lacial (2:1), in which so l vent a l oe - emodin has an 

Rf of 0.62. 

Once a~ain the fruits of a ll four spe cies and the seeds 

of A.africana and A.arborescens had a s pot a t the front , 

which went r ed after a lkali treat ment and aft er magnesium 

acetate, which suggests an anthraquinone reaction, but 

e limina t es aloe - emodin . A. speciosa (fruit ) had a red 

principle t a iling from Rf 0 . 50 which turned musta rd-yellow 

with magnesium acetate, but this is probably a pigment. 

b) Flol,e rs. 

The flowers of each specie s except A .africana -.;ere 

for med and unopened or partly opened when collected. Those 

of A. africana ,lere unformed and gr een . Extrac tion w"as with 

hot chloroform/ethanol, and the extracts uere chromato ~raphed 

a s before , a lternat ed with t he sap of each species as a 

comparison. 

Result. When viewed under ultra-viol e t light the four 

f lower extracts had identical chromatographic pictures, 

namely a small round light -blue -grey spot at Rf 0 17 and a 
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li~ht blue spot a t Rf 0 . 34, the aloin spots having an 

Rf 0 . 35. These spots were unaffected by alkali treatment, 

and magnesium ace t ate and consequently anthraquinone deri ­

vatives a r e absent from the f l owe rs . 

c ) Stem- bark and wood. 

A small portion sliced from each plant was f ine ly cut 

and extracted with boiling chloroform/ ethanol . All exce pt 

the sample from A.speci osa, which wa s a very young plant , 

formed deep yellow solutions. The extracts were chroma­

tographed as before in chlorofo rm/ethanol (3:1 ) , and apart 

from the A.s pec i osa which had not run , s howed identical pic ­

tures , with a fluorescent l i ght green spot both a t the front 

and opposite t he a l oin run as control. When sprayed with 

alkali a blue spot appeared for each of the three spec i es 

at Rf 0 .18 (aloi n Rf 0.52 ) . Afte r spraying with Fast Blue B 

shmved r esins to be absent. 

Repetition of the above t est s with the bark and stem 

"rood from a l ar:;;e r and ol der sampl e of A. speciosa showed a 

similar chromatographic pi cture as for the t hree species 

above , but there appeared a da rk or ange spot beneath the 

fluorescent light .o,; reen spot at the front, while the f luores­

cent ~reen spot a t Rf 0 . 52 was absent from A.s peci osa. Thus 

anthraquinone derivat ives are absent from the bark and outer 

stem wood of t he four species . 

a flavonol. 

The gr een spots r eac t like 
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9.10 DISCUSSION. 

Reference to the graphs in figure 9 (i) reveal that the 

.~lycanthrone variation of no two species is the same. 

(Neither is there any apparent correlation between the varia­

tion of organic acid, e ither relative to the four species, 

or to the glycanthrone content of a species (section 10 . 6.8.1 ) 

In other words each species has act ed independently of the 

others , and consequently variabl es such as soil drainage, 

soil pH and such-like factors pr obably predominate over 

weather factors for each individual plant. In a study of 

the physical properties of the sap of A.arborescens var . 

Natalensis, B~vS & BAYER (19 ) found that the physical pro ­

perties (osmotic pressure, viscosity and density) of the 

sap were not subject to much variation in response t o such 

external factors as rainfall and temperature during the 

months April to October. 

For A.ferox it was shown (IvlcCARTHY (146 ) 1964) that weather 

factors apart from Hind had no effect on the aloin variation 

of the plant . From the results obtained here it a ppears 

doubtful if even wi nd has any effect a lthough it wil l be 

noted that for A.africana the aloin variation is almost a 

mi rror-image of the wind graph , which was the case with 

A.ferox in 1964. This shows how misleadin~ can be the 

r esul ts obtained from a single plant and this same criticism 
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must apply to the results obtained by the workers on the 

other anthracene-containin~ plants reviewed in section 9.2. 

The problem of variables is not an easy one to overcome . To 

some extent small plants grown in pots in a hot-house can 

gi ve very similar r esults, but as has been Sl10'dn under Acid 

Metabolism, (section 10 .6.7 ), Aloe plants grown in drums 

metabolise r elatively poorly with respect to acids when not 

growing in their normal hdbitat. This may well apply to 

glycanthrone metabolism as well . 

In this work the A·.speciosa and A.ferox were located 

some fifty yards apart in a small park; the t wo other species 

came from different locales. Thus it was not possible to 

reproduce exactly the growth conditions of the four species. 

Reference to the graph in figure 9 (i) shows an 

interestin,?; monthly correlation for the combined '?;lycoside 

aloinoside and the C- glycoside aloin in A. africana. Once 

again it is dan'?;erous to be dogmatic for only one sample but 

it would appear that there is a correlation between the two, 

inasmuch as when the one increases the other decreases. 

LUKIC9S (144) work on Rumex alpinus shows an identica l 

r e l ationship between the free anthraquinone and the gly­

cosidal form (both in the oxidised state ) . 
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9.10 .1 SEASONAL VARIATION . 

Referring to the ,;ark of BETTS & FAIRBAIRN, LUKIC, 

" NIHOULE-GH~NNE and SCHRATZ & r:IEWOHNER described in section 

9.2, it will be seen that for these plants, translocation of 

constituents occurs to a l arge degree , there bein.,; apparent 

synthetic sites and storage sites . "ith the except i on of 

roots whi ch were not tested here, it ,'lOuld appear that the 

metabolic activity of the Aloe species is confined to the 

l eaf , anthracene derivatives being absent from s t em bark and 

outer stem wood and from flowers, although as has been shown 

in section 9 . 9 (a ), a principle reacting l ike an anthraquinone 

was present in the fruits of all four species and in the 

seeds of A.arborescens and A.africana . 

As with the previousl y mentioned species, the continua l 

fluctuation in the monthly content of the Al oe species indica tes 

that the glycanthrones are actively concerned with metaboli c 

processes , since if they were ,{ast e products one ,;auld expect 

a gradua l accumulation or a fairly steady concentration 

throughout the year (BETTS & FAIRBAIRN (17 )) . The ir exact 

role in the plant is not known. 

It is difficult t o compare such dissimilar species as 

the Aloe , Rhamnus and Rumex species . In the case of the 

l att er species it was found that the seasonal picture -"as 

one of a drop in anthraquinone content in the \'linter months, 
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followed by a rise (usually rapid) i n the Spring months. 

Iveather conditions are far more equabl e in South Africa, 

especially in Port Elizabeth, and furthermore the Aloe 

species flo;-rer in June (Ivinter ) and not in Spring. Thus 

the results differ for Al oe species. iJorkLlg six hundred 

miles apart on the t wo species A.ferox and A.marlothii 

respectively, McCARTHY & VAN OUDTSHOORN (149 ) found that the 

g r aphs of the seasonal va~iation of the two species were 

alike, both showing a steady rise from the Winte r to the 

Summer months, followed by a sl ow fall as Winter returned. 

The findings here have not been as clear-cut, although 

comparisons of the weather for 1962-1963 and 1965 -1966 ShOH 

vast differences. Thus for the latter period extreme ly 

high wind and heavy rainfall were experi enced in October ­

November, and it Hill be noted that in a ll four species this 

has resulted in a drop in glycanthrone content for that 

period. HOl'lever, A. speciosa has shoim a steady rise through-

out the year as has A.arborescens , if October- November ' s 

weather be taken into account. The total glycoside content 

of A.africana fell steadily from the flo"ering period to 

December, but then showed a rapid rise in the Summer months. 

Only A. ferox has not followed a pattern similar to the 

other three species, a lthough a belated rise is observed for 

February . Since this was the same plant used in 1962-1963, , 
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and for whi ch a definite rise in the Summer months was 

obtained, there are two possible causes contributing to 

this rather untoward result; a ) the pl ant was badly diseased 

with ,.hite scale and this has possibl y affected the normal 

metabolism of the plant . This scale spread a l armingly over 

the last few months but the high February r esult was obta ined 

using an unblemished l eaf ; b ) due to this scale it was not 

a l ways possible to t ake undiseased or partl y diseased l eaves 

from the same level on the plant , whish coul d cause untoward 

variat i on. 

Neve r the l ess the ove r all picture in these four Al oe 

species and of A.marlothii is of a rise in ~lycanthrone 

content in the Summer months , fol l owed by a slo\l decline as 

Winter approaches. No translocation of anthracene deriva­

tives throughout the aerial portions of the plants appears 

to occur seasonally, with the possibl e e xception of the 

f l owering parts of the plants . 
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C HAP T E R 10 . 

ACID METABOLISM OF ALOE SPECIES . 

10 .1.1 The metabolism of acids in pl ants has been the 

subject of muc h research, and in particular, the acid meta -

bolism of succulen · s. Included i n the latter group are the 

Aloe species, the metabolism of which has been virtually left 

uninvesti~ated, a l though the identification of acids in Al oe 

species has in recent years been a subject of r esearch 

(SODERSTROM (202 ) VAN OUDTSHOORN (225 ) SHKOL ' NIK (197 )) . 

10 .1. 2 SUCCULENTS . 

Succul ents constitute a considerabl e pr oportion of the 

vegetation of most semi-arid regions and are frequently 

found in l ocall y dry habitats s uch as sand dunes and beaches 

in regions of humi d cli ma t e (MEYER & ANDERSON (155 )) . The 

more i mportant families of plant s ,..,hich embrace succul ents 

are the Cactaceae, Euphorbiaceae , Liliaceae, Crassulaceae, 

Compositae , Aizoaceae , Amaryllidaceae, and Begoniaceae. 

The succulents are a di stinct ive gr oup of pl ants not 

onl y in structure, but in metabolism and water economy as 

well . Species of the succul ent habit of ,rowth are able 

to s urvive dry periods because of the relatively l arge 

reserves of water which accumul aw in the inner tissues of the 
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l'l e shy stems or (in some species ) in the fleshy l eaves . A 

r e l a tively thick cut i cle , and the fact that in many succu­

l ents the stomata are generally open only at night, a r e im­

portant factors in permitting the conservation of wat er by 

such species. Many cacti can live fo r months on this stored 

wate r even if entirely uproot ed from the soil (MEYER & 

ANDERSON (1 55 )) . 

10.1. 3 OCCURRENCE OF AC IDS . 

Apar t from amino acids, such as glutamic, aspartic and 

amino-acet ic ac i ds , several organ ic ac i ds exist in pl ants , 

the most i mportant being oxalic, t art aric, succinic, fumari c , 

malic, oXaloacet ic, pyruvic, aconitic, citric, isoc itric 

andd.: -keto~lutaric ac i ds. Some of these (oxalic, malic, 

t artaric and citric) are pr esent in conside r abl e quanti ties 

in some ti ssues , ot hers (e.g . pyruvic, oxal oacetic , succini c , 

fumaric and aconitic ) are s eldom present i n appr ec i able 

amount s , but are important metabolites. To these may be 

added t he aromatic ac ids , namely , benzoic , c innamic , sali­

cylic, 0 - and p- coumaric , melilotic, protocatechuic, gallic , 

rufigallic and caffeic acids , the nucl eic acids (a nd what is 

referred to as 't raumatic acid ' (FREYTAG (80 )) . 
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~c!.1.4 DISTRIBUTION OF ORGANIC ACIDS. 

Oxalic acid and oxalates are probably present in almost 

all plants, although in most cases the quantity present is 

small . The withering autumn leaves of Rheum (Polygonales ) 

are rich in oxalate. Malic acid is universally distributed, 

and fourteen natural orders have r emarkably l a rge accumu-

lation of malate . Three of these, (Liliflorae, Poly?;onales 

and Rhamnales ) are important sources of anthraquinones drugs. 

Tartaric acid is characteristic of the l eaves and fruits of 

the Vit aceae, while citric acid i s found in some Sol anaceae, 

the Rutaceae, and in many Aspergilli and Penicillia. Lactic 

acid is found in species of Rubus, Agave , Sol anum and 

Glaucium, while gluconic acid is found i n many mould fun;i 

(BENNET - CLARK (14 )) . 

10.1. 5 METABOLISM OF ACIDS. 

Although the occurrence of organic acids has been known 

for many years, the function of these compounds i n the plant 

rema i ned obscure until relatively recently . It is now clear 

that the plant acids play a central role in cellular r espira-

tion both in plants and in animals. The series of reactions 

·:.hich are involved in the biochemi cal int errelat i ons between 

the various ac i ds , are known as the KREBS CYCLE. 
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.LU.1. 6 KREBS CYCLE. 

General evidence for the operation of this cycle in 

plants includes the fact that the enzymes for the component 

steps of the Krebs cycle have been found ,ddely in higher 

plant tissue, and that the acids involved are all known 

as widely distributed plant products . The component acids 

of the Krebs cycle include all the plant acids except tartaric 

and oxalic. As a first assumption it may be suggested that 

it is through the reactions of the Krebs cycle that the 

several plant acids are formed and interconverted. 

Accumulat i on of an individual plant acid to hi~h concen­

tration in a plant is of very usual occurrence and implies 

at once that the rate of production of this acid exceeds the 

rate of withdralva1. On the assumption t hat the Krebs cycle 

is operative in the plant tissue i nvol ved , accumulation of 

the plant acid in this tissue must be due to a block or 

partial block of a particular step in the cycle. Thus the 

accumulation of malic acid in fruits and leaves must be taken 

to indicate that the malic dehydrogenase of that tissue is 

not as active as the other enzymes of the earlier links in 

the cycl e . Similarly the accumul ation of citric or iso­

citric acids must be owing to individual blocks in the aconi ­

tase or isocitric dehydro~enase systems . These blocks might 

be due to low enzyme concentration or to the presence of 
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inhibitors, but a t present the information necessary to 

expl a in such pref erentia l ac cumulations is not availabl e 

( BONNER (30 )) . 

10 . 2 .1 METABOLISM OF ORGANIC ACIDS IN EXCISED LEAVES . 

The changes in organic ac ids which occur in excised 

leaves during starvation have been folla-ved in tobacco and 

in rhubarb by PUCHER , WAKEMAN AND VICKERY (172 ) . In both 

cases oxalic ac id is unaffe cted by any treatment and is not 

re - utilised even in extreme sta rvation. In t obacco leaves 

cultured in the dark, malic acid rapi dly disappears v,hile 

citric ac id appears, althou~h in lesser concentration, since 

approximate l y one mol of citrate is formed for each t wo mols 

of malate utilised. This transformation might be under­

standable on the bas is of the reactions of the Krebs cycle, 

since it would be possibl e for malate to be transformed to 

oxaloacetate and this in turn converted to pyruvate by the 

oxaloacetate decarboxylase whi ch is knoVlll in higher plant 

tissues (GOLLUB & VENNESLAND (91) ) . 

In excised l eaves of rhubarb both malic a nd citric ac ids 

s l owl y disappear during incubation in the dark . An uniden-

tified acid accumul a tes in rhubarb just as citric ac id doe s 

in tobacco, and it has been suggested that malic ac id may 

be converted in this case to the unknown ac id . With 
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excised leaves of sudan grass and oats, however, both citrate 

and malate accumulate a t the expense of unidentified pre ­

cursors (WOOD et alia (249) ) , showing the wide r ange of 

possibilities that exist. 

In this work the metabolism of excised leaves of Aloe 

species has be en examined, but as these species fall under 

"succulents", discussion of these results is dealt with l a t er 

under Experimental. 

10 . 2 . 2 METABOLISM OF SUCCULENTS . 

It has been shovffi that many species of plants accumulate 

acid in high concentration in their leaves. \lith the ~reat 

bulk of plant species this acid, once formed, is relatively 

stable and does not disappear except under conditions of stress, 

as in starvation of the leaf . 

With a fe;{ species, on the contrary, acids are formed 

primarily durin~ the ni~ht and disappear again during the day . 

This diurnal fluctuation in acid content is characteristic 

of the group of plants known as succulents, and the remarkable 

metabolism which they exhibit is known as succulent or 

crassulacean metabolism (BENNET-CLARK (14 ) ). 

The synthesis of organic acids in the l eaves of some 

succulents is directly related to the carbon dioxide concen-

tration of the atmosphere. In Bryophyllum crenatum, 



for example, virtually no organic acids are synthesised in 

the dark in the absence of carbon dioxide, but the greater 

the carbon dioxide concentration in the air up to lO~ , the 

greater the quantity of organic acids synthesised (BONNER & 

BONN ER ( 29 ) ) . The principal acids formed are citric, malic 

and i socitric. 

The diurnal variation in the organic acid content of 

certain succulents is therefore probabl y to be expl ained on 

the basis that, during the daytime , carbon dioxide in the 

photosynthetic tissue is maintained at a l ow value, and 

little or no synthesis of organic acids occurs. At night 

the carbon dioxide content of the tissues buil ds up as a 

result of respiration, and synthesis of organic acids is 

favoured (MEYER & ANDERSON ) (1 55 ) . It has been shown that 

l eaves of tomato, tobacco or barl ey, which are non - succul ents , 

take up radio - active carbon dioxide to form radio-active 

malic or succini c acids, showing that carbon dioxide fixa ­

tion in non- succulents also involves organic acids (STUTZ & 

BURRIS ) (213 ) . 

The succulent plants are a morphol ogical rather than 

a taxonomic group. They have in common l eaves or photosyn-

thetic stems " hich consist of thickened spongy tissue . 

(;vhilst discussing stems it is of interest to note that 

a l though most monocotyledenous stems do not increase much 
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in thickness as they increase in a~e , in a few tree - like 

species ( e.~. Yucca and Aloe ) there is true secondary 

thickening, resultin8 in the formation of vascular bundles. ) 

(HOLMAN & ROBBINS (103) ) . 

10 . 2 . 3 EFFECTS OF TEMPERATURE AND LIGHT . 

As long ago as 1819, HEYNE found that with Bryophyllum 

calycinum , leaves tasted more ac i d at the end of the night 

than a t the end of the day. Thus it has since been found 

that the l eaves of succulents, either on the plants or ex­

cised from it, form acids '"hen they are maintained in the 

dark, and especially at 10\, temperatures, such as lOoC or 

lower. vlhen such leaves are removed to the light the acids 

disappear. Disappearance of acids may also be accomplished 

in the dark at high temperatures such as 30oC. 

A complication in the study of the metabolic reactions 

involved has been the fact that the leaves of many succulents 

contained an unknown acid, referred to in earl ier Ivorks as 

isomalic or cra ssulacean malic acid. This acid, which forms 

a large part of the total, is now knovm to be isocitric 

acid, at least in the case of Bryophyllum, Sedum and other 

typical succulent species (BONNER & BONNER (29 )) . 
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10.2.4 THEORIES REGARDING ACID FORlllATION . 

Early theories regarding the mode of acid format ion in 

succulents re l ated these compounds to protein metabolism. 

Working on Rheum hyb ri dum , RUHLAND & WETZEL (182 ) & (183 ) 

cl aimed that the large concentration of malic ac id in Rheum 

originated from protein sources, or that it was associated 

with an abnormally active protein metabolism. According to 

BENNET- CLARK & VIOODRUFF (16 ) their results indicated rather 

that the malic acid production was a process concomitant 

with t:le carbohydrate metabolism of the plant . Later RUHLAND 

& WOLF (184 )( 1934 ) suggested that carbohydrates are the 

source of plant acids and suggested that in succul ents, 

pyruvic acid might be diverted from its normal pathway of 

oxidation in respiration, and be transformed to succinic 

acid through diketoadipic acid. The scheme of RUHLAND & 

WETZEL is unsatisfactory, however, in thatit explains neither 

the origin of isocitri c or citric acids, nor the reason for 

diurnal fluctuation in a cid content. I n addition it supposes 

reactions involving diketoadipic acid , a substance not known 

to occur in plant tissue. 

A further suggestion as to the nature of the crassulacean 

metabolism made by BENNET - CLARK (15 ) is based on the fact that 

l eaves of various crassulean species contain the seven- carbon 
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sugar, sedoheptose. BENNET - CLARK supposed that this sugar 

is itself converted to malic acid. The i dea suffers from 

numerous inconsistencies, including the fact tha t we now 

know t hat isocitric a cid is the major acid of the succul ents . 

10.2.5 TRANSLOCATION OF AC I D. 

The transloc~tion of acids in Rheum i s interesting. 

BENNET - CLARK & WOODRUFF (16 ) sho\18d that malic acid is 

newly formed in Rheum only during the Summer months when photo­

synthesis is proceeding, and further that the acid is I -malic. 

In Autumn the ac id is translocated to the rhizome and 

converted to opticall y active acid (s ) . These are transported 

to the young leaves when the buds sprout in the Spring. 

This sprouting is not associat ed with increase in quantity 

of ammonium or imalate i . There is therefore no reason to 

suppose that active deamination of amino acids, with formation 

of a mmonium malate, occurs in connection with the transport 

of nitrogen t o grO\Jin.~ parts . Transl ocation of ' ma l a t e i 

occurs from rhizomes so tha t the concentration in the leaves 

rises. This and the f act that the peri od of active l-mdl ic 

acid fo rmat i on is t he height of Summer and not during sprout ­

ing of the rhizome, support the vi ew that mali c ac i d is 

associated with carbohydrate - r ather than pr otein metabolism. 
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(Rheum is of i nte r est here in that, like the Aloe species, 

it contains both anthraquino nes and me tabolisin ~ acids ) . 

10 . 2.6 I SOC ITRIC ACID . 

The import ance of isocitric acid is plant metabolism 

has already been mentioned . It is consequently important 

to describe the l a t est findin~s with re~ard t o isoc itric 

acid, particularl y whe r e it occurs in Al oe species . In 

1962 SODERSTROM (202 ) found isocitric aci d in 38 out of 

39 species of Crassul aceae , and in 8 out of 9 species of 

Liliaceae, ."lith a r ecord concentration of 19.4% in the d ry 

matte r of Al oe saponaria. VAN OUDTSHOORN (2 25 ), using paper 

chromatography, s howed A. saponaria, A.mitriformis , A. pret orien­

sis, and A. speciosa t o contain isocitric acid, as >le ll a s 

citric, malic and succinic a cids. Later, VAN OUDTSHOORN (227 ) 

sho<fed citric, isocitric and malic ac ids to be present in 

the followin~ Al oe species, name l y A.stria tula , A.arborescens, 

A. pluridens, A. dolomitica, A. alooides, A.a culeata , A.ferox, 

A. marlothii, A.angelica and A. globuligew~a . Difficulty is 

experienced ;lith citri c and isocitric ac ids a s they have 

very simila r Rf values in several solvents. However, iso-

c itric ac i d l ac t one can be satisfactorily s eparated with 

propanol/ammonia, it forming a compl ex with ammonia. Thus 
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SHKOL'NIK (17$ ) was unable to show isocitric acid in 

A.arborescens uSing a solvent of n- butanol saturated with 

formic acid and water, a lthough in addition to the commonly 

occurrin~ oxalic, tartaric, citric and malic acids, he was 

able to show ~lycollic , succinic and fumaric acids present. 

A.arborescens if official in the pharmacopoeia of the 

U . S . S . R. (206 ) . 

VICKERY (229) found that isocitric acid content of excised 

leaves of Bryophyllum calycinum did not change significantly 

when subject to water culture under greenhouse conditions of 

illumination. There appears to be a mutual interconversion 

of starch and malic acid during diurnal fluctuation, depending 

upon light conditions. Further to this, VICKERY (230 ) 

found that water cult~res in the dark of the above leaves de ­

creased steadily in organic acid content for some 140 hours, 

and then showed a slight rise at about 200 hours. He was 

also able to show an increase in starch during the same periods. 

(A similar slight rise following an initial drop in a cid con­

tent of Aloe species has also been noted ) . VICKERY (23 1) has 

also been a ble to modify the behaviour of these leaves by 

gro~ling them under a physiological stress, namely light, for 

long periods . After this the l eaves could not synthesise to 

the full extent .,hen grown in darkne ss . 
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10 .3. 1 DISCUSSION OF ANALYTICAL PROCEDURES TO BE FOLLQ,vED. 

It was decided t o investigate selected Aloe species wi th 

regard t o whether or not they ac ted as true succulents, that 

is, showed diurnal/nocturnal fluctuation, responded to the 

effect of darkness and how they reacted to va ryinp,; temp3ra­

tures. Furthermore it was decided t o follow t he monthly 

variations in acid content of the four spec i es which we re 

sele cted for study with regard to variations in glycanthrone 

content during the course of a year. It was hoped that com-

parison of the monthly varia tions in content of acid and 

gl ycanthrone could indicate whether ther e was a complementary 

metabolic balance between the t .. lO , and whether variations due 

to weather ·were an i ndication of the wate r balance of the 

plant . The latte r is dealt ;'Iith in Chapter 9. For the 

se l ection of an analytical procedure, the following points 

had to be borne in mind: -

a ) the extraction medium, and lIhether hot or cold 

b ) the portion of leaf or leaves t o be utilised and the 

particle size suitable for optimum extraction 

c) t he method of analysis , and the effect of plant buffers 

if volumetric analysis Vfere used. 
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1 0 .3.2 a ) THE EXTRACTION HEDIUl'!! . 

The various media used for extr ac tion of or~anic acids 

have been we ll described by VAN OUDTSHOORN (227 ) . 

to say that these may be classified into 

i ) or£;anic media hydrophobic in nature 

ii ) or~anic media hydrophil ic in na ture 

iii ) aqueous media. 

Suffice 

No single type is pe rfe ct since or ~anic non- pol ar media will 

extra ct fats and waxes, while polar sol vents will l each out 

gums , a lbumens, sugars etc . Ether has long been used for 

the extracti on of organic acids , but for quantitative work 

extraction by this me thod is extremely t edious. 

Alcohol 80~ e ither col d or hot has also been \{idely 

used , as also ac idified a l coholic solutions of various 

strengths. Alcohol 80% is also used to differentiate the 

s a lts of organic ac ids precipitated by calcium i ons - t hus 

most acid salts of calcium, except those of calcium acetate, 

calcium glyc olla t e , ca lcium glyoxal a t e and calcium lactate, 

a r e very spari ngly soluble in 80% a l cohol. However , 80% 

a lc ohol added to a neutral ca lcium solution of precipitated 

organic ac i ds also precipitates polysaccharide and some 

prote ins , and also polybas i c salts of ca lcium, so that gravi ­

metric determinations of the precipitate would be faulty 

(BENNET - CLARK (14 )) . 
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Although water suffers from the disadvanta~e of 

dissolving many plant constituents other than organic acids, 

it has the advantages thdt the process is quicker and can, 

if required, be conducted at 10111 temperatures . Furthermore, 

if the method used is volumetric, utilisin~ alkali, the 

presence of other extractive matter is obviated, unless it is 

itself acidic in character, or is so highly coloured that 

the colorimetric end- point is masked . 

10.3 . 3 b) THE LEAF PORTION UTILISED . 

So little work has been pe rformed on Aloe l eaves that 

the selection of analytical methods had to be largely 

empirical. Since the leaves of the various Aloe species 

differ widely in their size, it happens that a required 100g 

\ve ight of leaf would represent several l eaves of a small 

species like Aloe varie~at~, and only a small portion of the 

leaf of l a rge species like A. ferox and A.africana. Thus it 

';.as decided to utilise the tips of large l eaves, and the 

entire leaf or l eaves of smaller species, minus a portion of 

the base of the leaf . This ',laS to overcome the acid loss due 

to drainage of the sap , since it lIas found that the sap, and 

in particular a loetic juice, '.las highly ac idic . It '.las further 

found by experiment that the tip of the leaf of the larger 

species contained relatively more acid than the rest of the 
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l eaf , and that the epidermis contained more acid than the 

pulp. The t~IO fac t s are inter-relatin:~ since the tip con­

t ains relatively l ess pulp t han the remainder of the l eaf. 

HO":lever, this fact does not g ive rise to error since in all 

cases the variation in content was studied, and not the 

precise quant ity of acid per l eaf. Furthermore, l eaves were 

t ake n from the same plant for each t est, consequently diminish­

in~ l eaf variation even further. 

The size suitable for extraction a lso had to be de t ermined 

empiricall y , and the methods of comminution used are detai l ed 

under EXPERI lfiliNTAL, together with the various comminuting 

apparatus t est ed in an attempt to obtain maximum extract i on. 

10.3 . 4 c ) THE METHOD OF EXTRACTI ON . 

Severa l methods ~xist for the est i mati on of organic 

ac i ds , some of these being extremely diff icult techniques. 

Frequently oxalic acid is estimeted as calcium oxalate using 

potassium perman '~anate. A f urther aliquot is used for the 

determination of citric and malic acids , the fraction bein6 

oxidised by permanganat e in the presence of potassium bromide, 

".-Ihereupon cit rate yie l ds pentabromoacetone, which may be 

removed and determi ned , ,vhereas malate yie l ds an unknown steam­

volatile compound which is precipitated by dinitrophenylhydra­

zine, and determined colorimetrically against a standard 
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( PUCHER & VICKERY (173)) . Enzyme methods have to be used 

for isocitric acid, aconitase bein~ used , which results in 

an increas e in citric acid (KREBS & EGGLESTON (1 23 )) . 

Simil arly succinic acid is determined manometrically in a 

Warburg apparatus using the enz~ne succinic dehydro~enase. 

Manometric methods are also available for oxaloacetic and 

~-ke toglutaric acids. 

The determination by gravimetric methods as calcium 

(or lead ) salts has already been outlined, as also the dis-

advantages of the method. However, the deposition of other 

matter apart from calcium salts need not interfe re i f the 

precipitate is i~nited and determined as calcium oxide or 

sulphate. However, many plants rich in malate contain sub­

stances which inhibit the precipitation of calcium malate, 

e.g. Liliaceae , Cactaceae, and Orchidaceae contain pentosans. 

Hence, according to BENNET - CLARK (14 ), total acid records can 

be suspect, although no such suspicion attaches to the r e ­

corded values of the quantities of standamalkali required 

to neutralise a given quantity of plant material, but in some 

cases there is difficulty in interpreting these results . 

Thus some substances such as carbon dioxide , phosphate and 

aluminium malate may interfere: for example, at pH? about 

40% aluminium malate is hydrolysed, but this increases to 

approximately 90% at pH 9.3 (\lhich is the end point of 



252. 

phenolphthale in ) . Consequently at the latt er pH a far 

higher acid titre is obtained. 

BENNET - CLARK (13 ) says further that almost all succul ent 

plants show the crassulacean effect except some of the order 

Centrospermae. Many non- succulents ShOi, s i milar behaviour. 

The phenomenon is Iddespread ; but , as the data collected 

shm,s, a much more extended survey of the plant kin~dom is 

desirable. 

10 .4.1 PLANT BUFFERS . 

From what has been said before , it is obviously impor­

tant to have a knowled '!;e of the buffe r effects of plant 

extracts, and the pra ctica l aspec t s he r eof are described 

in the Experimental section under "choice of indicator". 

It \las as early as 1917 tha t HEMPEL (200 ) made an exten­

sive investigation of succulents . Without exception, the 

plants she used showed an increase of pH (decrease of a cidity ) 

on ill umination, varying from +0 04 t o +1.5pH units. The 

range of pH values extended from pH 3 . 95 - pH 5.68 . The 

usua l pH ran ~e for succulents is pH 5 . 2- 4 .8 , but pH values 

above 5.2 for cell sap in succulents occur in Aloe varies;ata, 

Gasteria ve rrucosa, and in some others. A number of stone 

crops and cacti have tissues belo" pH 4 . 8, doom to pH 4 . 0. 
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HONEGGER (104 ) says that the l eaves of Aloe species contain 

only monoclinic calcium oxalate crystal s. This is signi -

ficant, since SMALL (199 ) states tha t calcium oxalate can 

give an indication of the pH during their formati on , in 

tha t a l a rge proportion of monoclinic crystal s indicate a 

pH during formation of 6.0 or less, while a pH of above 6.0 

is indicated by a l a rge proportion of t etragonal crystals. 

Regardin,'3; the pH of saps, expre ssed saps of plants 

normall y have pH values of 5.2 to 6.2 , while fruit juices 

and those from succulents tend to be between pH 3.0 and pH 4.2. 

However, SMALL (199 ) warns tha t in only slightly buffered 

saps such as from normal plants, incorrect values can be 

obtained due to the CO 2 effects of injury , crushing and sub­

sequent elimination of CO 2 from the juice , althou~h with 

succulents, pH values ~ene rally have a real significance . 

According the SPOEHR (203) succulence is sa id to be a sso­

ciated with a pentose metabolism, which in turn is associated 

with relative l y low pH values, but l ow pH values do not 

necessarily mean succulence. 

Earlier works gave the buffers of living plants as 

mainly phosphates, carbonates and a few of the many or~anic 

salts, usually in mol a r concentrations in the range O.05M 

to O.OOlM . VICKERY (229 ) obtained values in terms of 

organic ac ids namely 0.29M to 0.17M malic, but about one -
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third of this total was isocitric acid apparently held in 

the mucilage cells and not likely to be present in pressed 

or filtered sap. About one - fifth was "undetermined acids" 

leaving about seven- fifteenths as mainly malic acid, two ­

fifteenths of v{hich was citric acid. Isocitric acid is 

said not t o vary much, while the other a cids vary extensively. 

10.4.2 CHANGES ACCORDING TO ILLUMINATION. 

According to SPOEHR'S (203 ) observations dilute malic 

acid is decomposed in sunlight forming oxalic, glycollic, 

formic and acetic ac ids, which would give an increased 

buffer capacity be l ow pH 4.5 and also a daylight fall in pH, 

as in Mesembryanthemum. 

Changes of pH and buffer-index in these directions do 

t ake place in other plants, but in the dark, not in the light; 

and the indications are that normally more malic acid is 

produced in the dark. The molar concentrations of malate 

vary directly with the buffer- indexes, and the increase in 

mal ate from light t o darkness may be mor e than five - fold. 

If corresponding base is available for the formation of 

mal ates rather than free malic acid, there will be little or 

no fall in pH values. This change in concentration in 

mala te is i mportant in view of what has been said about the 
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hydrolysability of aluminium malate at varyin,s pH values. 

Consequently it will be shoun under Experimental that the 

indicator range (and bufferins effect of the Aloe extract ) 

",ere determined potentiometrically due to the diffi:ulty 

experienced initially using acid/base indicators . 

10 . 5 . 1 EXPERIMENTAL . 

The experimental procedure for analysis of various Aloe 

l eaves will be discussed under the following headings: 

(i ) choice of species 

(ii ) subdivision of leaf 

(iii ) choice of solvent 

(iv ) se l ection of indicator. 

10.5 . 2 CHOICE OF SPECIES . 

It was decided to make a duplicate study regarding the 

monthly variation of glycanthrone and acid metabolism in the 

following four species , namely 

A. africana Mill . conta ining aloin and aloinoside 

A.arborescens Mill. containing aloin 

A. ferox Mill . containing a loin 

A. speciosa Bak . containing homonataloin. 

Both A.africana and A.ferox had similar leaves which weighed 
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approxima tely 500g and $OO~ r espectively. These l eave s we re 

thick, containing much mucilaginous tissue , and ha d hard 

exte rior walls or epi dermes. 

Conversely , the l eave s of A.arborescens and A. speciosa 

weighed approxima tely 100g and 300g respectively, the outer 

epiderme s we r e thin, and the mucilaginous tissue far l ess 

than in the other two spec i es , resulting i n a thinner, f l atter 

l eaf. 

10.5.3 DESCRIPTION OF PLANTS USED FOR MONTHLY VARIATION . 

These plants have be en described fully unde r section 9.7. 

It should be noted tha t the A.ferox plant was also used f or 

the experiments on ac id metabolism a t d i fferent t ern. eratures 

(section 10 .6.3 ) 

10 . 5.4 SUB- DIVISION OF LEAF. 

Initial investiga tion of the juice of A.fe r ox showed i t 

to be a cid, and since the juice 'bl eeds ' copiously f r om the 

cut l eaf , this could introdu ce a deficit e rror . Consequently 

it was decided t o utilise t he tips of l a r ge le a ves (e.g. 

A. :fie ro~ and A.;ifricana ) and an a liquot portion of the l eave s 

of A. speciosa ang A.arbor escens , discarding the l ower (stem-

side ) portion t o counteract juice l oss . However, in t he 

latte r t wo cases juice l oss is insigni ficant as the jui ce of 
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A. speciosa rapidly coagulates and is hence ' se l f - seJlin6' 

while A.arborescens yields less thdn 0.5 ml of juice per 

100g of leaf . 

Where the leaf contained dead portions , or dry withered 

por tions , these were discarded as ana. l ysis i"as only of fresh 

(me t abolising ) leaves. 

It was further found that the l eaf epidermis of A. ferox 

contained some four times as much acid as the excised pulp 

of the leaf. When anA .ferox leaf was cu t into severa l 100g 

portions, these conta ined very similar vol umes of acid , except 

the tip , '",hich had the highest val ue (due no doubt to the 

relative excess of epidermis ) . The base portion had the 

lowest, due to drainage of aloetic juice from that re;ion . 

10.5.5 METHODS AND APPARATUS USED FOR SUB- DIVISION . 

Four methods of sub- division were tri ed, using the 

followin~ apparatus :-

a ) sliced - using a sharp knife 

b ) milled - using a hand -minc i ng machine 

- using a hydro - separator 

- using a cutti ng mi l l (liquidiser ) . 

To see which method woul d give the greatest yield, a l eaf was 

taken and spl it longitudinally into two equal port i ons. 

One hundred gramme portions were taken, and some sliced i nto 
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1 em thick slices , otherr milled in a Braun liquidiser. After 

extraction these were titrated and it was found that the 

sliced portions yie l ded only half t he volume of the mill ed 

portions. 

The difference between the hydro-separator and the 

liquidiser was next compared, and it was found that the 

liquidiser gave a slightly higher yield, and in add ition , it 

was f a r easie r to transfe r the comminuted drug (ma r c ) to the 

filter, since the pe rfora ted pla stic screen of the hydro­

separator had to be removed without loss of l eaf particles, 

which was not easy. In the case of the liquidiser, the 

suspension obt a ined aft e r milling is merely de canted, and 

any remaining particles washed out with a wash- bottle. 

For e conomic reasons it was decided t o compare the 

relative merits of a hand -mincing machine and the liquid iser, 

and the former 'Save a surprisin.'Sly high result, yielding 

90% of tha t achieved by the mill . One serious disadvantage, 

however, was the fact tha t with the mince r the final s olu­

tion had an olive colour, probably due t o inte r a ction be t ween 

the dru ~ constituents and the cast iron of the mince r. This 

made the end- point extremely difficult t o sauge. 

Consequently it ;vas decided t o use the Braun liquidise r 

for all experiments . The Braun liquijiser has six cuttin5 

blades which rota t e at the base of a 1 litre removable gl ass 
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vessel, fitted with a plast ic lid . I t has two speeds , 

and the l ower speed was used, a length of 1 minute being 

used for mil ling. 

10.5 .6 CHOICE OF SOLVENT . 

Since the volumetri c method of anal ysis is recommended 

by BENNET-CLARK (14 ) i t was decided to extract the plant 

ma t eri a l with wat e r . It was decided t o use boilin~ water 

after it had been found that t';l0 po r tions of a lonte;i t ud i nall y 

sliced l eaf yielded s l ishtly more when boil ed. Furthermore, 

the cold -extracted marc had to be washed with several volumes 

of water before all acids had been extracted. This was very 

time - consuming. 

The advanta3;e of boiling the extr act with water is 

that cellulose is broken down , t hus releasing trapped acids 

(bearing in mind that isocitric acid is often held in this 

way ) . Furthermore carbon dioxide is driven off, and enzyme 

reactions are stopped. The only disadvantage is that vol atile 

acids can be driven ofr , but acids such as form i c appear in 

such low concentration , if at all , that no significant loss 

resul ts. 

10 . 5 .7 SELECTION OF INDICATOR . 

For the t i tration of Rheum hydridum extracts , BENNET - CLARK 
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& WOODRUFF (16 ) used brom- t hymol blue as indica t or to the 

end - point of pH 7. In ~eneral the extract was diluted to 

avo i d interference "lith the end - point by colour changes due 

to anthraquinone derivatives , or anthocyan pigments. Since 

the Aloe species also contain anthraquinone derivatives,brom-

thymol blue was trie d as indicator. However, the co l ours of 

the Al oe extracts were found to interfere, being orange for 

A .. ferox and A. africana , pale yellO\. for A. arbore scens and 

bei~e for A. speciosa. Wi th the two latter species t he green 

end - point of brom- thymol blue was good , particularly in the 

case of A.arborescens (pH range 6 . 0 - 7.6 , yell ow i n weakly 

acid solution, blue in weakl y a l .line and green a t neutrality). 

for A. ferox and A. africana the end - point was ~reenish-brown. 

Since the green colour of brom- thymol blue was masked by 

the orange colour of A. ferox in particular, an indicator 

having a simil ar range but different colour change was 

sought. Hence phenol red was used (yellow in neutral and 

weakly ac id solution, and red in v{eakly alkaline .. ) However, 

it was obse rved that the anthraquinone itself turned dark 

oran~e at neutral pH and that the red colour of the end- po i nt 

tended to fade, suggesting buffer effects . Consequent ly 

a potentiometric pl ot was made (using a Beckman model G 

pH metre. ) . 
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From the resulting curve it was observed that definite 

buffering occurred between pH 6.0 Gnd pH 9.6 , whereafter 

the curve steepened rapidly . Consequently the end- point 

was taken to be between pH 9.6 and 9 . 7 . Consequently 

phenol phthalein was employed (colourless in acid a nd weakl y 

alkaline solutions , but red in more stronsly a l kaline so l u-

tions. pH ranse 8.3 - 10 .0 ) . Since A.arborescens contains 

malic acid (SHKOL'NIK (197) ) this would be a l most completely 

hydrolysed at this pH if present as the aluminium salt 

(BENNET - CLARK (14) ) . 

10.5.8 ANALYTICAL PROCEDURE . 

For all analyses that follow the followin~ anal ytical 

procedure was observed: 

the Aloe leaf was cut and weighed as 100s (! 0 .1) 

portions or fractions thereof. In the case of A.ferox and 

A.africana the tip was used, whil e for A. speciosa and 

A.arborescens the who l e leaf minus base was used (occasionally 

i n the case of A.arborescens two leaves were used ) . 

The leaf was then sliced thinly and placed in the 

Braun liquidiser with 200ml of distilled water. This was 

milled at speed one for exactly one minute, and transferred 

to a 1 litre flask, a volume of approximately 500ml resulting. 

This was brought to the boil on a bunsen burner and boiled 
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for t en mi nutes, a tota l heatin~ time of 25-30 minutes . 

The r eafter it was a llowed t o cool and t ransfe rred t o a filt e r 

(initially a s intered gl a ss funnel , AG 225:£4 was used, but 

this was discarded due t o blockage by f ine pa rticles. 

Thereafter a cotton wool pl ug was f ound t o be quite adequate. ) 

The filtered solution was made up to 1 litre with 

distilled wat er and 25 ml aliquots were titrated wit h NilO 

NaOH (Volucon ) against phenolphtha l e in, using a mi cro-

burette gr aduated i n 0 .02 ml . Near the end-point the solu-

tions turned a darker oran~e -green , and when necessary, t hese 

were di luted with distilled water . 

- pink i n col our . 

The end- point was oranse 

The marc remo.inin?; in the filter vlaS washed through 

with sufficient distilled wat er until no further acid re­

mained. Some times as much a s 1 litre was passed throu~h, 

but invari a bly more than 95% of the a cid was contained in 

the first litre of extrac t collected . This procedure Vla S 

performed wi thin 30 minute s of collection of the s ample . 

10 . 6.1 ACID CONTENT OF ALOE SPEC I ES . 

Using the above method , four speci es other than the 

four named above were collected a t 8.30 a.m., and all eight 

spec i es we r e assayed for ac id content, results thereof 

appearin ; i n t abl e l Ot i ) . Only from l a t e r wo rk was it 



discovered that acid content of a species differs considerably 

accordin~ t o l ocation of col lection; thus three sample s of 

A.arborescens contained 36.4ml, 66.4ml and 118.1ml, al l 

collected at 8.30 a .m . Thus the few quot ed acid - content 

fi3ures noted in the literature can be misleadin ~ . 

Table lO ti) ACID CONTENT OF VARIOUS ALOE LEAVES . 

Soft l eaf . Vol. of acid. Firm leaf. Vol. of acid. 

A.striata 80 .6ml A.ferox 122 .9ml 

A. linea t a 54.5ml A. africa na 67 . 8ml 

A. s12eciosa 64.0ml A' 121uridens 87 . 7ml 

A.arborescens 66.4ml A.marlothii 89.2ml 

10.6 . 2 CHANGES I N ACID CONTENT OF EXCISED LEAVES . 

During the course of analyses for the monthl y variat i on 

in ac i d content it was decided to ana lyse the remainin~ leaf 

potions after a period of time. It was then found that 

a cid content had dropped appreciably in a relatively short 

time, as shown in table 10(ii ) . 
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Table lO (ii) ACID CONTENT OF STORED EXCISED LEAVES. 

Species A. africana A.ferox 

Time 

0 hours 69.1ml 115. $ml 

4$ hours 36 . 5ml 

72 hours 25 . 6ml 40.4ml 

96 hours 31. 2ml 

Thus in each case a rapid drop followed by a slisht rise 

was observed. A search of the literature s usgested that 

since the l eaves had been stored in a room whi ch was subject 

both t o fluctuations in light and dark, and to f luctuations 

in t emperatur e , the slisht rise in ac i d content aft er 3-4 

days was probably due t o the non - rigid conditions durins 

the test. Consequently it was decided t o investi~ate the 

ac i d content of l eaves stored entirely in the dark at di ffe r­

ent fixed temperatures. 

It was WOLF (24 1)-( 24 5),(who carried on a most thorough 

study of succulent me t abolism), who re - est ablished the f ac t 

that acid formation in l eaves of Bryophyllum is a function of 

light and t emperatur e. With r egard t o t emper ature , two 

factors are involved; the maximum amount of acid is 

accumul a t ed by excised l eaves a t a t emperature of 7°C, but 
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this maximum l evel is atta ined only aft e r l on g pe riods in 

the dark (96 hours) . At higher temperatures ac id formation 

t akes place a t a faster r a t e but never attains as high a 

concentration l evel. Over a period of 18 hours, a tempera -

ture of 20°C vias found to be optimum . At tempera ture s of 

30o-3 50 C, the l eave s actually l ost aci d. The optimum t em-

perature for a cid removal in the li8ht was found to be about 

A minimum of 400 meter- candles was needed t o effect 

acid r emoval , and light satur at i on of the process was 

atta ined only wit h intensities of a bout 1000 meter-candl e s . 

These intensities a r e of the same or de r as are needed to 

effect photosynthesis in the succulent l eaf , and it would 

appear possible then tha t phot osynthesis is involved i n a cid 

remova l . Furthe r t o this, BHARUCHA & JOSHI (21 ) f ound that 

t he acid content of l eaves of A. vera increased dail y , reachin:5 

a maximum after 5 days (120 hours ) of darkness fol l owed by a 

sharp decrease . At the maximum , 134 .9rnl of O. I N NaOH we r e 

required to neutralise the acid i n 100g of leaf tissue. 

10.6.3 ACID CONTENT OF LEAVES STORED I N DARKNESS AT 
SPECIFI ED TEMPERATURES . 

It \Vas decided for this experiment t o opera t e at four 

t empe r atur es, namely 30oC, 20°C , 10°C and OoC, a ll s ampl es 

to be stored in the dark. An Al oe fe r ox 

seven 100 'S portions and three we r e stored 

l eaf was cut i nto 

a t WoC (: 1° ), 
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° (+ 0 ) and three a t 20 C - 1 . The seventh portion was used t o 

assess the ac i d content at nou 3ht hours. 

Two further A.ferox leaves, smaller in size than the 

previous l eaf and f rom a younger Aloe plant, we r e each sub ­

divided into four 66.6g portions. Thr ee portions from the 

same leaf were stored at 10°C ( ~ 1° ) and three a t OoC (_) 0 ) . 

The fourth portion from each leaf was used t o determi ne t he 

ac i d content a t nought hours. At specified times the 

beakers containin~ the l eaf portions we r e r emoved, the portion 

sliced and milled, and the beakers carefully washed out, and 

the washings added to the bulk. Thereafter the procedure 

was that detailed in Anal ytical Procedure (section 10 .5 .8 ) . 

The r esults obta i ned appear in table l O(iii) and are depicted 

~raphically i n figure l Oti) (McCARTHY & PRICE (151 )) . 
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Table 10 (i i i ) ACID COHTENT AT SPECI FIED TEMPERATURES . 

Vol. of ~O alkali per 
Temperature. Time in hours . 100s leaf. 

30°C 0 129.2ml 

" 24 50 .1ml 

" 96 39 . 4ml 

20°C 0 129.2ml 

" 24 45 . 0ml 

" 96 43 . Sml 

10°C 0 5S.3ml 

" 21 59.Sml 

" 45 67 . Sml 

" 116 7l . 3ml 

OOC 0 55 . 2ml 

" 21 43.4ml 

" 45 4S . 5ml 

" 116 46.Sml 

10 . 6.4 DISCUSSION OF RESULTS. 

By reference t o t able 10 (i ii) or to figure lO t i ) it 

wil l be seen that in Aloe ferox the acid content drops 

sharpl y at 30°C which is in accordance with WOLF'F (241 - 245 ) 
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findin~s f or Bryophyllum l eaves, but ac i d content a lso drops 

s harply in l eaves stored at 20°C , whereas in Bryophyllum 

l eave s acid accumulates at this tempe r a ture. With A. ferox , 

both at 20°C and 30°C the initial drop within 24 hours is 

t he gr eat est, f ollowed by a sl ight decreas e ove r t he next 

72 hours. 

With Bryophyllum leaves it was found that maximum a ccumu-

l at i on oc curred a t 7°C ove r 96 hours . Similarly, at 100C 

ove r 116 hours A. ferox l eaves show a steady rise of s ome 20% 

in ac id cont ent. No figures a r e given for t he behavi our of 

Bryophyllum a t OOC , but f or Al oe f er ox l eaves the concentra ­

tion r emains fairly steady aft er an initi a l small drop 

(21 hours ) due probabl y t o i nactivation of enzymes a s the 

l eaf freezes. It is interesting t o not e that in t he 4th 

portion of Al oe l eaf used for the 10°C expe riment (i .e. 116 

hours ) , a r ed rim of a l oe - emodin had f ormed aro und the cut 

rims of the l eaf portion. This had not occurr ed i n t he equi-

valent portion stor ed at OoC , showin .g that freezing of t he 

sample had inhibi ted hydrolysis of a l oin. 

10.6 . 5 ACID CONTENT OF EXCISED LEAVES SUBJ ECTED TO LIGHT 
VARIAT IO~. (diurnal/nocturnal variat i on .) 

For this experiment use was made of the four species 

used for the monthly variation in acid content of l eaves , 
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namely, A. ilfricana, A. arborescens, A .. ferox and A. speciosil, 

but different pl ants we r e used. 'I'he s e pl ants were ~rowing 

in the ;lriter's garden , and i n the ca se of both A.afri cana 

and A. speciosa the r e were two pl a nts of each, one ~rowing 

naturally in the ground , the other growing i n a four - '5allon 

drum. 

For the ana lyses , a leaf was cut fr om each of the s i x 

plants a t prescribed interval s of time , the leaves bein~ 

cut from the same approximate level on the plant, since it 

had been found by VICKERY (232) & (233 ) tha t the middle 

le aves of the t obac co plant had the most uniform division of 

ac ids, wh ich differed widely with respect t o the upper and 

lOI'<ler l eaves , vlhile Mc CARTHY (1 46 ) f ound l east variation in 

aloin content of neighbouring l eaves of A. ferox (see also 

section 10.6.8). Once the l eaf had been cut it was immediat ely 

tre at ed a s under Anal ytica l Procedure, section 10.5. 8. 

Resul ts of these anillyses appear in t abl e 10 (i v ), these 

results being depicted gr aphi cally i n figur es 10 (ii ) & 10 (iii ) . 

(]\!cCARTHY & PRIC E (1 51 )) . 

10.6.6 DESCRIPTION OF ALOE SPECIES . 

No pl ant was above 4 feet in height, whil e A.speciosa 

(in the gr ound ) was only 1 foot high with a dozen leaves . 

The A.africana and A.speciosa in drums both had r ed leaves, 



270. 

due to l ong exposure t o sunlie ht, said by HAAS & HILL (94 ) 

t o be due t o the formati on of carotin in the chloroplasts. 

Further , the l eaves of A.africana (in drum ) were cove red in 

vrhite scal e. 

Table 10(iv) DIURNAL VARIATION IN ACID CONTENT. 

Vol of N/10 
Species. Period. Time. alkali per Weather 100'S l eaf. 

A.arborescens 0 hrs 8 . 30 a.m . 118 .1 ml overcast but warm 
5 hr s 1.30 p . m. 41.0 ml cl oudy 
8! hrs 5 . 00 p.m. 17.4 ml drizzlin c; 

13 hrs 9.30 p.m . 45.9 ml windy 
22! hrs 5 . 00 a . m. 123 .3 ml partial l y overcas 

A. ferox 0 hrs 8 . 30 a.m . 146 . 8 ml overcast but warm 
5 . hrs 1.30 p . m. 105. 1 ml cl oudy 
8~ hrs 5.00 p.m. 96.3 ml drizzling 

13 hrs 9 . 30 p . m. 101.6 ml windy 
22! hrs 5 . 00 a . m. 186 .5 ml pa rtially overcas 

A. afri cana 0 hrs 9 . 30 a.m . 185 . 1 ml cloudy but sunny 
(in gr ound ) 4 1 hrs 2 . 00 p.m. 100.2 ml ditt o. 

8f hrs 6 . 00 p . m. 64.6 ml sunny 
12; hrs ]0 .00 p.m . 87 . 8 ml windy 
20 hrs 5 . 30 2.m. 196 . 4 ml cloudy but sunny 

A.africana 0 hrs 9.30 a .m. $4 . 1 ml cloudy but sunny 
(in drum ) 4~ hrs 2 . 00 p.m . 72 . 5 ml ditto . 

$t hrs 6 . 00 p.m. 59.2 ml sunny 
12 ~ hrs 10 . 00 p.m. 5$. 1 ml windy 
20 hrs 5.30 a.m . 64 . 4 ml cloudy but sunny 

A.speciosa 0 hrs 7 .00 a . m. 7$.1 ml cloudy but sunny 
(In gr ound ) 10 hrs 5.00 p.m . 15 . 2 ml sunny 

25 hrs $.00 a .m. 64 . 3 ml cloudy but sunny 

A. s]2eciosa 0 hrs 7.00 a.m . 45.8 ml cloudy but s unny 
(in drum ) 10 hrs 5.00 p.m . 2$ . 2 ml sunny 

23 hrs 6 .00 a.m. 54.6 ml cloudy but sunny 
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10 . 6.7 DISCUSSION OF RESULTS. 

From the e;raphs (figures 10 (ii ) & 10(iii)) it ~;Till be 

seen that in all species the typical Crassulacean effect is 

observed, namely an increase in acid during the nisht, while 

in the dayt ime the reverse occurs. The theoretical aspects 

of this behaviour have been discussed previously . 

It is interestin~ to not e that in both the plants grown 

in drums the curve , relative to their other sample grown in 

the ground , is far flatter. Now the A. africana was a 

diseased plant, but since both species have similar curves 

it suggests that their ~rowth in drums may be the cause of 

their relatively poor acid metabolism. The extreme f l atness 

of the A.africana drum sample may also be due to the white 

scale infection on the leaves of this plant. It does bring 

home the fact, however, that it is i mportant to have plants 

which are to be used for analyses, growing in their most 

natural environment, particularly with respect to water 

acquisition. 

STEINMANN (ex 14 ) gives a table of percentage change 

in titratable acidity in 44 plants during the night, included 

amon 3:st which are tv.JO Al oe species, A. ar borescens, which 

increased by 2f" and A.cymbaefol ia which increased by 340%. 

In this work A.arborescens increased in the dark by 700% , 

and the work of HEMPEL (1917 ) on A.arborescens quoted by 
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STEINMAN is vastly different from the findin;s reported 

he r e. Most species here increased from 15 0% t o 500% 

10.6.8 MONTHLY VARIATION IN ACID CONTENT . 

As explained in section 9.5 it was dec ided to make a 

simultaneous study of the glycanthrone content and of the 

or~anic ac id content of each l eaf of the four species used 

for the estimat ion of monthly variation. It "as hoped 

that from this parallel study a pattern would emer~e which 

"muld clarify the effec t of "rind with re gard to moisture loss 

from the leaf. Before this could be proceeded with it was 

necessary to establish the pattern of or~anic acid content 

of leaves on the same, and differing l evels of the plant, 

as had been done for31ycanthrone content in section 9.7.1. 

In the cases of A.arborescens, A. ferox and A.spec i osa , 

the l eaves were taken from the same approximate leve l on 

the plant, uhile in the case of A. africana three l eaves were 

chosen at intervals, encompassing some dozen l eaves . The 

analytical procedure used is tha t described in section 10 . 5.8, 

the same procedure being used for the monthly ana lyses. The 

findings of acid content at a level in the pl ant appear in 

table 10 (v ) . 
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Table 10 (v ) ACID CONTENT AT FIXED LEVEL. 

Species. 

A.arborescens 

A.ferox 

A . SJ:~e c iosa 

A.africana 

Ml of N/10 acid 
per 1005 leaf. 

76.8, 74.0, 70.3 

164.5,172.0, 158.4 

64.3, 64.1, 67.3 

181. 2, 187 . 3 , 168.1 

Maximum % varia ­
tion from the 
mean. 

:: 5 . 0% 

:: 4.3% 

:: 3.0% 

:: 5.9% 

For the monthly ac i d content the leaf used was from the same 

approximate level on the plant, and during a year such a 

l eve l moved away from the ori~inal, but neighbourins 

l eaves were systematically used each month t o limit varia -

tion. Results of the monthly acid content of the four 

species appear in table 10 (vi ), where the date given refers 

to A.arbo'l"'escens and A.africana, while the other t wo species 

were analysed on the day following. Collection times were 

8 a.m. and the l eaf '1ms analysed immediately afte r the sap 

had been weighed for estimation of glycanthrone content 

(section 9.6 ) . 



Tabl e 10(vi) IVIONTHLY ACID CONTENT (ml NaOHN/10 per 
100'!; l eaf ) 

Date . A.arborescens A.africana A, ferox A. sQeciosa 

May (28/ 5/65) 70 .6 102 . 7 67.5 

June (29/ 6/ 65 ) 36.4 67 . 8 122.9 64.0 

July (30/7/65) 35.0 69. 1 115. 8 70 . 4 

August (1/9/65) 38.6 85.0 127.2 56.8 

September (27/ 9/65 ) 48 . 5 76 . 4 113.8 58 . 0 

October (28/10/ 65 ) 34.6 81.3 130.6 62 . 9 

November (24/11/65 ) 36.4 73.6 124 .7 68 . 9 

December (29/12/ 65 ) 48.9 70.5 149.6 80 . 8 

January (28/1/66 ) 68 . 0 97.0 154 . 6 57.1 

Februar y (25/2/66 ) 63.4 94 . 3 158 .0 68 . 5 

March (1/4/ 66 ) 59 . 9 70.6 137.5 66.9 

April (29/4/ 66 ) 54 . 1 76.6 129 . 9 58.2 

10.6.8 . 1 DISCUSSION OF RESULTS . 

From the results appearing in table 10(vi) (depicted in 

fi gure 10(iv)) it is clearly seen that the or3anic ac id 

content reaches its maximum in the Summer months of Decem-

ber t o February, then declines i n March and April . (The 

acid content of A.speciosa for January is inexplicably low. ) 
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This rise in or~anic acid content from Winter to Summer is 

in a3;reement with the findings for the .:;lycanthrone s, 

and much sharper by contrast . 

Although a vari ation in acid content from l eaves on 

the same leve l is experienced , as s ho,m in table 10 (v ), 

the percenta ·~e deviation from the mean did not exceed 6% 

whil e the difference between any t1t1O l eaves does not exceed 

10%. Reference t o table 10 (vii ) shovls tha t the increase 

throughout the Summer mont hs is far in excess of this, and 

hence the intrinsic varia tion "ithin l eaves does no t affect 

the find ings . 

Table 10 (vi i ) MAXIMUM AND j,lINIMUM ACID LEVELS RECORDED . 

Lowest fifure Highe st fi ,;ure B 
Species. recorded A) recorded (B) r;A 

A. arborescens 34.6 ml 68.0 ml 196% 

A.africana 67.$ ml 97.0 ml 143% 

A.ferox 102.7 ml 15$.0 ml 153% 

A.africana 56 .$ ml $0.$ ml 142% 

As with glycanthrones, t he acid content appears t o 

bear no relation to the graph of ''lind hours , and furthermore , 

pl ots for each species of glycanthr one and ac i d content 

(not reproduced here ) shOl'led no ove r all pattern. Thus it 
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would appear that metDbolism of glycanthrone and or,!;anic 

acid within the leaf proceed independently of one another, 

the only similarity being the seasonal variation of the 

two entities, both of which definitely increase in the 

Summer months. 
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SUMMARY. 

Anthracene derivatives enjoy a wide distributi on in 

the plant kingdom, the oxidised forms (anthraquinones ) 

formin3 the widest ~roup of naturally occurring quinone 

compounds. The distribution of the non -medicinal and 

medicinal anthracene derivatives has been reviewed, to;ether 

with the assay methods used for the determination of the 

latter type. 

Chromatography has been used extensively in this work, 

hence a short review is included . In table 3 ( i ) and 

table 3 ( lb ) r espectively are listed sol vent systems used 

in the literature and in this vlOrk. Spray rea~ents have 

been widely used here to identify substances separated 

chromatographically, and these have been described in 

sect ions 3.6 . 1 to 3.6 . 4. The sixty- three Al oe species 

"hich have been studied have been tabulated in table 3 (v ), 

vlhile the description of the process used for makin~ her ­

barium specimens is found in section 3.7.1. Chemical 

t e sts ( usin~ acids ) on the l eaf juice of the Al oe species 

are lis tEd in t able 3 (iii ) . 

The distribution of anthracene derivatives in the l eaf 

juice of the species is interesting - aloi n has been found 

i n fourteen species, two of which also cont ained aloinosides. 
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Isobarbaloin was not present in the sixty- three species 

examined, but occurred in commercial sampl es from the 

West Indies and Zanziba r . With the exception of 

A. arborescens , the aloin-cont aining specie s described 

here yie l d sufficient a l oet ic juice t o warra nt their 

use commercially. Homonataloin has been found in six-

teen species, but chrysophanol (as an O- ':slycoside ) could 

be extracted from only one of six species fallin~ in the 

Series Saponariae, t he dried l eaf being used. 

Non- anthracene derivatives have also been studied. 

Para-coumaric acid could not be detected i n the leaf 

juice of the fifty - five spec i e s described i n s ection $.7.4, 

and is e ither absent, or present in t oo I owa concentra -

tion for resolution by thin- layer chromatography. Resins 

occur widely in the Group A and Group B spec ies described in 

section $.7.4, and frequently display a simil ar patterH~ but 

are conspicuously absent from the species classified as 

Group C. El ectrophoresis of resins in two species is 

described. 

Aloesin, a C- :sl ycosyl chromone disc ove red very re ­

cently , was positively found in nineteen spe cies and 

oc curs possibly in a furthe r four species (section 8 . 7.12.2 ) . 

Glucose was found in the seventeen species named in se ction 

6.1.2. , while unidentified anthracene de riva tive s and 



279 . 

sugars (or glyoosides ) occurred in some of these seventeen 

species. 

Since so littl e work has been performed on the meta ­

bolism of Aloe species, an investigation has been carried 

out r egarding the vari ations in sl ycanthrones and organic 

ac i ds i n the leaves of four selected species, which con ­

tained the ~lycanthrones aloin , a l oinoside and homonat ­

aloin. The fruits, seeds and stem bark and wood have also 

been examined for anthracene derivatives. Both the ~ly­

canthrones and or'~anic acids show a seasonal variation 

"lith a maximum content in t he Summer months. No corre l a ­

tion between weather factors and monthly variations could 

be obtained (tabl es 9 (iii ) & (iv ) and 10 (v )) . Gl yc ­

anthrone estimations were performed spectrophotometrically 

using standard gr aphs (section 9.6) while organic acids 

were estimated volumetrically (section 10.5.1 ), where the 

extraction procedure is also described. Furthermore, with 

re 'sar d to organic acid content, typical Crassulacean be­

haviour has been shown both wi th resard to diurnal/noc ­

turnal variation and with regard to excised leaves stored 

at different t emperatures in the dark (tabl es 10 (iv ) & 

10 (ii ) resp.). It has been determined that minimal 

variation in both total acid and glycanthrone content 

occurs in leaves situated on the same approximate l evel 

on the pl ant. 
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o P S 0 M MIN G. 

ryk . 

Ant r aseen de rivate kom wyd versprei voor in die p1ante­

Die-;eoksideerde vorms (antrakinone) vorm die -;root -

ste groep van d i e ki noonverbindings wat i n di e natuur 

vo orkom. 'n Oorsig is gegee van die ni e - med i sina1e en di e 

medisina1e antra s een der ivate , t e same me t die ontledings -

metodes wat .~ebruik wo rd vir die bepa1ing van 1aasgenoemde 

tipe s . 

Daar is op uit~ebreide skaa1 van chromato-;rafie -;ebruik 

gemaak in hierdie we r k en ~e vo1g1ik word ' n kort oorsi ~ hier-

van inges1uit . 'n Lys van op1ossingst e1se1s wat in die 

1iteratuur en in hierdi e we rk '~ebruik is, Vlord in 

tabe1 3 (i) en tabe1 3 (lb ) onderske i de1ik, aangegee. Hier 

is vee1vuldige gebruik gemaak van sproeireagense om ve rbind-

i n ·ss wat chromat o.grafies geskei i s, t e identif iseer en ' n 

beskrywing hiervan wo rd ~esee in a fde1ing 3.6 . 1 t ot 3.6 . 4. 

" Die drie - en- sestig a10ien spesies wat be studee r is, wo rd 

aane>;e gee in tabe1 3 (v ) ; t e rwy1 ' n beskrywing van di e proses 

wat gebruik is om herbarui mmonst ers t e berei in afde1i~g 

3.7.1 verskyn . 'n Lys van chemie se t oetse (deur gebruik 
Ii 

te maak van sure ) op die b1aarsap van a10ien spesies wor d 

in t abe 1 3 (iii ) aangegee. 
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Die verspreiding van die antraseen derivate in die 

" blaarsap van die spes i es is int eressant aloien is in 

" veertien spesies -S8vind , twee waarvan ook alo i enosied 

" be vat het. Isobarbaloien vias nie teenwoordi2: in d i e 

drie-en-sestig spesies wat ondersoek is nie , maar het 

" voor~.kom i n kommersiele monst e rs uit die Wes-Indiese 

e ilande en Zanzibar. Me t die uitsondering van A.arborescens , 

" het die a l oien- bevattende spesies wat hier beskryf wor d , 
Wi 9~ 

genoeg aloetiensap gelewer om hul kommersiele gebruik 

te regverdig. Homonataloin is i n sestien spesies gevind, 

maar krisofanol (as ' n O- glikosied ) kon slegs uit een van 

ses spesies, wat binne die Saponariae - reeks val, ge - ekstrakeer 

word - die gedroogde blare is hier gebrui k. 

' n Studie i s ook 3emaak van nie - antraseen derivate. 

Para-kumaarsuur kon nie gevind word in die blaarsap van die 

vyf-en-vyftig spesies wat in afdeling $.7.4 beskryf word nie, , , 
en is of afwesig of die konsent rasie is te laa~ vir chromato-

grafiese skeiding. Harse kom veelvuldig voor in die 

Groep A en Groep B spesies ,vat in afdeling $ .7.4 beskryf 

word en vertoon dikwels 'n soortgelyke patroon , maar is 

opvall end afwesig in die spesies wat as Groep C geklassi-

fiseer word. El ektroforese van harse in twee spesies 

word beskryf. Aloesin , ' n C-glikosi~lchromoon wat heel 

onl angs ontdek is , is posit ief uitgeken in negentien spesies 
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en kom moontlik in in verdere vier spesies voor (afdelin ; 

8 . 7 . 12.2). Glukose is gevind in die sewentien spesies 

" wat in afdeling 6 . 1.2 genoem word , terwyl nie-~eidentifiseerde 

antraseen derivate en suikers (of glikosiede ) in sommi~e van 

hierdie sewentien spesies voorgekom het. 

Aangesien so min werk op d i e ~ebied van die metabolisme 

van aloe spesies gedoen is, is in ondersoek ingestel na 

die variasies van glikantrone en organiese sure in die 

blare van vier uit~esoekte spesies wat die glikantrone , 
ft ii it 

aloien, aloienosied en homonataloien bevat. Die vrugte, 

sade , bas en hout is ook ondersoek , vir antraseen derivate. 

Beide die ~likantrone en orrsaniese sure toon in seisoens-

variasie met in maksimuminhoud gedurende die somermaande. 

Geen korrelasie kon gevind word tussen weerfaktore en 

maandelikse variasies nie (tabelle 9 (iii) & (iv) en 

10(v )) . Glikantroon be palings is spektrofotometries uit-

~evoer deur gebruik te maak van standaardgrafieke (afdeling 

9 . 6 ), te~#yl or~aniese sure volumetries bepaal is (afdeling 

10.5 .1), waar d i e ekstrakeerproses ook beskryf word. Met 

be trekking tot or:;aniese suurinhoud is verder tipiese 

Crassul acean- gedr ag aange t oon be ide me t betrekking t ot 

dag/nagtelike variasie en tot afgesnyde blare wat by ver-

skillende temperature in die donker vle~gepak was. 



Daar is vasgeste l dat in minimale variasie in beide t otale 

suurinhoud en glikant rone inhoud voorkorn in blare l/at op 
n 

min of rneer dieselfde vl ak in die plant ~e lee is. 
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