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Verfrecept 
Neem in de buitenlucht gedroogde meekrapwortelen en maal dezefijn in een koffiemolen. 
Neem 60 dl handwarm water en voeg al roerend met een garde 3 eetlepels (20 g) van de 

gemalen meekrap toe. Roer dit geheel 30 minuten en zorg ervoor dot de oplossing handwarm 
blijft. Na 30 minuten kan het geheel worden verwarmd tot koken. Laat het geheel een uur 

voorzichtig koken, met de deksel op de pan. Giet daarna de oplossing zo heet mogelijk door 
een pantysok en vang de vloeistof op. Neem vervolgens een theelepel (5g) aluin en los dit op 
in 50 dl handwarm water. Voeg 20 gram wol toe en verwarm geheel 30 minuten tot net niet 
koken, laat daarna afkoelen. Voeg de wol toe aan de meekrapvloeistof (vul aan tot 60 dl met 
water) en verwarm het geheel 1 uur tot net niet koken (90°C). Na afkoelen kan de wol emit 

worden gehaald en drie keer goed gespoeld met koud water en gedroogd. 
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Chapter 1 

General introduction" 

1.1 History, taxonomy and cultivation 

1.1.1 Name, botany and occurrence ofRubia tinctorum 

The Roman writer Plinius already used the name Rubia for the madder plant, because of the 
red colour of the roots. Tinctorum is derived from the Latin word for dyeing1. The genus 
Rubia belongs to the tribe Rubieae. The genera Galium and Asperula belong also to the 
Rubieae. The tribe is part of the subfamily Rubioideae. Other genera within the Rubioideae 
are Coffea, Cephaelis and Morinda. As well as the subfamily Cinchonoideae, the subfamily 
Rubioideae belongs to the Rubiaceae. The Rubiaceae are part of the order of the Gentianales 
(see figure l.l)2. 

Family Subfamily 

I— Rubioideae • 

Tribe 

I—Rubieae • 

Rubiaceae -

Genus 

I— Rubia 

Galium 

1— Asperula 

—Coffea 

— Cephaelis 

— Morinda 

— Cinchonoideae 

Figure 1.1 Botanical position of the genus Rubia tinctorum within the Rubiaceae. 

* This chapter is based on the review: 
Goverdina C.H. Derksen, Teris A. van Beek, Rubia tinctorum L. Atta-ur-Rahman (ed.), In Studies in Natural 
Product Chemistry. Elsevier, Amsterdam. Vol. 26, in press. 
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The stalks of the madder plant are so weak that they often lie along the ground, 
preventing the plant from rising to its maximum height of 60-100 cm. With little spines at the 
edges and midrib the plant can cling to other plants. The flower-shoots spring from the joints 
in pairs, the loose spikes of yellow, starry flowers blooming only in the second or third year, 
in June. The thick fleshy stalks that compose the perennial are about 0.6 cm thick. From the 
rhizome roots run under the surface of the soil for some distance, sending up shoots 
(figure 1.2). The root is covered with a small blackish bark, the husk. Beneath this layer the 
root consists of a red coloured layer, the intermediate layer. The innermost layer of the root 
consists of large vascular bundle cells, the pith. These cells are surrounded by a small 
concentration of red dye. The highest concentration of red dye is found in the intermediate 
layer, less in the pith and almost nothing in the husk (figure 1.3)3"6. It is not clear how the red 
dye is stored in the intermediate layer. It is probably stored in compartments outside the cells, 
which are possibly divided by a pectin layer6. 

Rubia tinctorum is native in Southern and Southeast Europe, in the Mediterranean 
area, Asia Minor and in the Caucasus. Nowadays the plant also grows in China and Japan, up 
to the Malaysian Archipelago, in the Western part of North America, in Mexico and South 
America. In earlier days madder was cultivated in Central and Western Europe. Nowadays 
most of the plants are found in the wild1. 

1.1.2 History 

Madder roots have been used for dyeing textiles in many parts of the world since ancient 
times. One of the eldest known textiles dyed with madder is a belt found in Tutankhamun's 
grave and dates back to 1350 BC. During the times of the Pharaohs in Egypt neither alum nor 
another mordant was used during dyeing. In the surroundings of the Dead Sea a wool pouch 
dyed with madder from 135 AD was found. In China some archaeological grave treasures 
revealed the use of madder for dyeing fabrics. The ancient Greeks used madder for dyeing 
and the main red dye in the Roman Empire was obtained from madder. Around the time of the 
birth of Christ the quality of the dyed product improved by using a mordant. The dyeing 
knowledge got lost due to the migration of many nations after the decline of the Roman 
Empire. Only in the Byzantine Empire and in the East the dyeing technique was still 
practised. During the unrest between 600 and 900 AD a lot of dyers roamed off to Italy. From 
Italy they wandered to France, the Rhineland and as far as England. During the Middle Ages 
Charlemagne stimulated the cultivation of madder. He inserted the plant on the list 'Capitulare 
de villis'. On this list all the plants occurred which were allowed to be cultivated on land 
owned by the state (France, Belgium, Holland and Italy). The Flemish were very experienced 



Figure 1.2 Rubia tinctorum L. (Madder). 

Figure 1.3 Microscopic picture of a cross section of madder roofi. The highest concentration 

of red dye is found in the intermediate layer, less in the pith and almost nothing in the husk. 
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in the dyeing of textiles. They used just three plants as dye sources, Reseda luteola 
(Wau', yellow), Rubia tinctorum (red) and Isatis tinctoria (Waid', blue). With these three 
plants they could create almost any colour. The textiles that were dyed during the Middle 
Ages were mainly derived from animal sources, like wool. The dyeing of plant based textiles 
was not developed during the Middle Ages. Dyeing of cotton and other plant based materials 
was still the secret of the East. During the Middle Ages the technique of dyeing was mainly 
based on oral tradition and only a few written manuscripts have been found. From the 
seventeenth century more books and articles on dyeing were published. In 1678 the Dutch 
East India Company (VOC) introduced the cotton printing trade in Europe. In the 17th and 
18th century the Turkish red dye technique was introduced in Europe. In 1747 Greek/Turkish 
dyers established in France (Rouen) a Turkish ruled red textile industry. Here the madder 
culture was the most famous of the 18th century. In the 19th century the madder cultivation 
also developed in the Alsace. From 1600-1900 there was a heavy trade in madder dyes 
throughout Europe. In 1868 Graebe and Liebermann discovered how to prepare alizarin 
synthetically. At the end of the 19th century the madder culture rapidly declined, due to the 
cheaper production of synthetic alizarin1. About one century later madder is again cultivated 
on a commercial scale in The Netherlands in the province Groningen. 

1.1.3 Cultivation, harvesting and processing of madder 

There is evidence that madder was already cultivated in The Netherlands in the 12th century. 
Especially in the deltas of the Dutch province Zeeland, the cultivation of madder was highly 
developed and was long considered as the finest madder in Europe7-9. 

The cultivation of madder started at the end of April or beginning of May. The young 
madder shoots were planted in well-manured soil. New plants were kept free of weeds and the 
soil around the roots was kept loose. In the autumn, after the foliage had died the plant was 
covered with five to ten cm of soil. In this way the roots were protected against frost. In the 
following year the roots produced shoots. In the third year the weight of the roots increased 
70%. At the end of the third year in September and October the roots were harvested. The 
harvest was a heavy and time-consuming job. The farmer needed a lot of experience to dig out 
the entire root intact. The remaining soil was removed by shaking. The roots were left in the 
open air for drying during a couple of days79. 

The classical preparation of the roots was divided in two main processes: drying and 
stamping. After four to five days the madder was placed inside the madder drying house. The 
roots that had to be dried were first laid on the bars of the lowest floor. After a couple of days 
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the roots were moved higher and higher in the drying house. An oven at the ground 
level heated the drying house. After drying the roots were trashed to loosen the earth and the 
husk of the roots. If the husk was not removed the product was sold as bnberoofde' 
(unrobbed). The trash that was left after the threshing was called the Mullen'. This product 
had the lowest dyeing quality. The (robbed) roots were placed in a stamp trough fitted with 
iron plates where they were ground to powder9. The stamped product was sieved through 
coarser and finer sieves, which gave products of different quality. The toughest part of the 
root remained and was stamped again and sieved. This process was repeated a couple of 
times. In this way first the outside of the root was collected and finally the innerparts of the 
root. Von Wiesner wrote that the part of the root that was sieved first possessed the highest 
dyeing power. In contrast to Von Wiesner, De Kanter wrote that the inner part, i.e. the last 
part sieved had the highest dyeing quality5,10. 

In former days, two main qualities were distinguished called 'Gemene' and 'Krap'. 
'Krap' had a higher dyeing quality than 'Gemene'. The madder product 'Two and One' 
consisted of two parts 'Krap' and one part 'Gemene'. The madder product 'One and One' 
consisted of one part 'Gemene' and one part 'Krap'7"10. According to Van Dijk-van der Peijl 
the outer part of the 'robbed' root was called 'Gemene' and the inner part 'Krap'7"9. 
According to microscopic analysis of some cross-sections of madder root the concentration of 
red colour is not the highest in the centre of the root. The highest concentration of red dye was 
found in the layer between the husk and pith of the root (figure 1.3) 3>5-6. In the 18th century, 
France became an important competitor in madder cultivation, due to improved production 
methods. An innovation was the treatment of dried and ground roots with sulphuric acid. The 
woody roots were destroyed and charred, while alizarin itself remained unaffected. The 
residue after drying and powdering was called 'Garancin'. 'Garancin' possessed a colouring 
capacity, which was four to six times higher than that of the original madder. 'Garancin' was 
favoured over the madder products from Zeeland and was a commercial success3-5'7-9. 
Another madder product was 'Madder Flower'. The ground madder was macerated in a 
solution of diluted sulphuric acid, washed, pressed, dried and ground. In this way sugars were 
removed and glycosides hydrolysed possibly through partial fermentation (some yeast was 
added). An enzyme which occurs naturally in madder (syn. Erythrozym) may have played a 
role in the hydrolysis as well. 'Madder Flower' had almost twice the dyeing capacity of the 
original madder. When 'Madder Flower' was further extracted with methanol and precipitated 
with water the product was called 'Azale'3'5. 
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1.2 Synthesis and biosynthesis 

1.2.1 Synthesis of alizarin 

In 1868 Graebe and Liebermann showed that alizarin could be reduced to anthracene by the 
then novel procedure of zinc distillation. At that time the exact structure of alizarin was still 
unknown. They suggested that the structure of alizarin was 1,2-dihydroxyanthraquinone11. In 
1868 they verified this hypothesis by a total synthesis of alizarin. In the knowledge, that two 
of the halogen atoms in chloranil could be replaced by hydroxyl j^roups on treatment with 
alkali, they prepared a dibromoanthraquinone. They assumed that it would behave in the same 
way and indeed on fusion with NaOH it yielded a compound in all iespects identical with the 
natural alizarin obtained from madder12. This was the first total syntiesis of a natural pigment 
(figure 1.4). 

+ 2NaBr 

Figure 1.4 Conversion of alizarin by treatment of anthraquinone with two bromine atoms and 

on treatment with alkali introduced by Graebe and Liebermann '•'. 

Owing to the cost of bromine this route was however not economically viable. Almost at the 
same moment Graebe, Liebermann and Caro in Germany and Perkin in England found a 
similar, alternative reaction pathway for the synthesis of alizarin. Graebe, Liebermann and 
Caro patented this reaction. They introduced the sulphonation of anthraquinone to 
2-anthraquinone sulphonic acid and the subsequent conversion to alizarin (figure 1.5)12. 

Figure 1.5 Synthesis of alizarin introduced by Graebe, Liebermann and Caro'-*. 
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Alizarin plants were built in Germany and England14-16. The procedure developed by 
Koch (B.A.S.F.) is based on the sulphonation of anthraquinone with oleum followed by alkali 
fusion under addition of an oxidising agent to prevent reduction of the quinone (figure 1.6)17. 

Figure 1.6 Synthesis of alizarin based on sulphonation with oleum and alkali fusion''. 

For the synthesis of highly pure alizarin, one has to start with pure 2-anthraquinone 
sulphonic acid during the alkali smelt. This can be obtained by choosing the reaction 
conditions and oleum concentration in such a way that only 40% anthraquinone will be 
sulphonated. Of the then formed anthraquinone sulphonic acids about 85% is the desired 
isomer. The remaining sulphonic acids consist of traces 1-anthraquinone sulphonic acid and 
about 15% 2,6-and 2,7-disulphonic acids. This result can be achieved with 20% oleum, a 
reaction temperature of 130°C, a reaction time of 4 hours and a weight ratio SO3 to 
anthraquinone of 1:1. This method gives the highefet possible yield of 2-sulphonic acid. After 
the reaction, the solution is diluted with 80% sulphuric acid, until the remaining oleum is 
converted into 90% sulphuric acid. Under these conditions the unreacted anthraquinone 
precipitates after which it is filtered, washed until neutral and dried12-1719. In the next step 
the filtrate is diluted with 40% sulphuric acid and NaCl is added till the sodium salt of 
2-anthraquinone sulphonic acid precipitates. The other sulphonic acids remain in solution. 
The salt is converted with excess base and sodium nitrate into the sodium salt of alizarin in an 
autoclave at a temperature of 180°C. This reaction takes 7 hours with a yield of approximately 
95%17. After dilution with water, the alizarin is separated from the reaction solution by 
acidifying and filtration. Finally the residue is washed till it is free from acids and then mixed 
with 20% water to form a paste. As such it is used for dyeing. The product was sold as 
Alizarinred BB 20% (B.A.S.F.) or ditto B2 20% (ICI)17. These companies do not sell alizarin 
anymore. Alizarin is still produced and sold by the companies Buckeye Chemical & Colour 
Co., USA (Fl 75,-/kg), Transpek, India and Mitsui Toatsu Dyes, Japan. 

1.2.2 Biosynthesis 

Leistner in Germany and Burnett in Great-Britain have performed much work on the 

biosynthesis of anthraquinones20-26. Two different pathways for the biosynthesis of 



Introduction 

anthraquinones in plants exist: either the polyketide pathway or the shikimate pathway22. 
Anthraquinones synthesised according to the former pathway are substituted in both ring A 
and C. Examples are emodin and chrysophanol. These polyketide-derived anthraquinones are 
found in Rhamnaceae, Polygonaceae and Leguminosae20'22'26-27. Anthraquinones formed by 
the latter pathway (figure 1.7) are characterised by a substitution in one ring only. These 
anthraquinones like alizarin are found in Rubiaceae (e.g. Rubia tinctorum)^-20'22'25'2^'29. 

Ring A and one of the carbonyl groups of the anthraquinones are derived from 
shikimic acid24. The other carbonyl group and the remainder of ring B are derived from 
oc-ketogluturate that originates in turn from glutamate21. The acetyl coenzyme ester of 
o-succinylbenzoic acid is cyclized to l,4-dihydroxy-2-naphtoic acid28. Symmetrical 
1,4-naphtoquinone is not an intermediate in the biosynthesis as has been shown in labelling 
studies21"23-25-29'30. The intermediate l,4-dihydroxy-3-prenyl-2-naphtoic acid is formed by 
incorporation of dimethylallyl pyrophosphate at the unsubstituted carbon of the quinone 
ring31. Finally cyclisation of the prenyl with the C-l carbon will lead to ring C of the 
anthraquinone. If the isopentenyl unit cyclizes on the OH group at C-10 this will lead to a 
pyran, for example mollugin22-23'25'29'30. 

a-ketoglutaric aicd 

A 0H i 

V/ TPP 

COOH 

CO7 -*A thiamin pyrophosphate 

COOH -jr^ XOOH 

COOH 

iso-chorismic acid 

OH 

^ • ^ / L ^ C O O H 

OH 

1,4-dihydroxy-
2-naphtoic acid 

OPP 

X 
dimethylallyl 
pyrophosphate 

o-succinylbenzoic acid 

1,4-dihydroxy-3-isopentenyl-

C—SCoA 
II 1 

o-succinylbenzoic-CoA 

7 ^ e ~ - , 2 " ^ , 3 ' " % ' / 

I A II B U G ? 
5 II 4 \ 

O 

anthraquinone 

Figure 1.7 Biosynthesis of anthraquinones by the shikimate pathway2". 
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The biosynthesis of these anthraquinones parallels those of the menoquinones in 
bacteria and naphtoquinones of plants for example juglone, vitamin K and lawsone. These 
compounds are also derived from shikimic (or chorismic) and cc-ketoglutaric acids via 
o-succinylbenzoic acid21-22. l,4-Dihydroxy-2-naphtoic acid is the branching point in the 
biosynthesis of menoquinones, naphtoquinones and anthraquinones28. 

Recently it was shown by Eichinger et al. in an elegant biosynthetic study that 
mevalonate was not the precursor of the C-ring of Rubia anthraquinones32. Until a few years 
ago it was thought that isopentenyl pyrophosphate was always derived from mevalonate. 
However it has since been shown that two different pathways exist: (1) the mevalonate 
pathway, and (2) the deoxyxylulose pathway (operational in plastids). In the latter pathway 
pyruvate and glyceraldehyde 3-phosphate - via 1-deoxy-D-xylulose 5-phosphate - are the 
precursors of terpenoids. Cell cultures of Rubia tinctorum were fed with [1-13C]- or 
[U-13C6]-glucose. Amino acids were obtained by hydrolysis of biomass, and their 

13C labelling patterns were used to reconstruct the labelling patterns of acetyl CoA, pyruvate, 
phosphoenol pyruvate, erythrose 4-phosphate, and a-ketoglutarate by retrobiosynthetic 
analysis. The labelling patterns were used to predict the labelling patterns of lucidin 
primeveroside via three different hypothetical pathways (polyketide, mevalonate and 
deoxyxylulose). The observed labelling pattern was in excellent agreement with the pattern 
predicted on the basis of the precursors o-succinylbenzoate and dimethylallyl pyrophosphate 
derived via the deoxyxylulose pathway32. 

Anthraquinones in Rubia tinctorum are mostly present as glycosides. Glycosylated 
secondary products differ from the free aglycones in two properties: they show increased 
water solubility and decreased chemical reactivity. Because of the better water solubility the 
glycosides are stored in the plant vacuole and the glycosides are less reactive toward cell 
compounds. This is probably the reason why glycosylated compounds, rather than free 
aglycones are accumulated33. Research on the biosynthesis of anthraquinones has been 
mostly focused on the aglycone. Little research has been carried out on the modification 
reactions on the aglycone part and on the glycosylation and storage of anthraquinone 
glycosides in Rubia tinctorum. In Morinda the anthraquinone glycosides are stored in the 
vacuole. The enzymatic mechanism for hydrolysis of glycosides and glycosylation of 
anthraquinones is present or rapidly induced in cells that do not produce these compounds 
themselves34. 
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1.3 Extraction, isolation and purification of anthraquinones in Rubia tinctorum 

1.3.1 Extraction 

Many articles deal with the extraction of anthraquinones from the plant, root or cell cultures 
of Rubia tinctorum. The isolation procedure depends on whether the free aglycones or the 
glycosides are desired. The anthraquinones can be isolated by sequential extraction with 
solvents of increasing polarity35-39. The different extract solutions can be further purified by a 
liquid-liquid partitioning step. As a first extraction step a non-polar solvent can be used such 
as ether, benzene, chloroform, dichloromethane or ethyl acetate35'40"45. The anthraquinone 
glycosides, however, should be extracted by using water, ethanol, methanol or water-ethanol 
mixtures35'41-45"52. The extraction can be performed at different temperatures. During the 
extraction of anthraquinones from plant material with hot methanol or ethanol artefacts can be 
formed. These anthraquinones show the presence of 2-methoxymethyl or 2-ethoxymethyl 
groups respectively e.g. lucidin was partly converted to the corresponding co-ethyl ether. This 
reaction is highly temperature-dependent53. Thus for the extraction of anthraquinones the use 
of hot methanol or ethanol should be avoided28. Also basic solutions are used for the 
extraction of anthraquinones or the fractionation of apolar plant extracts, e.g. sodium 
carbonate, sodium bicarbonate or sodium hydroxide36'37.45,49,54 Most of the anthraquinones 
in madder are phenols. In general phenols dissolve well in basic solutions45. Masawaki et al. 
(1996) used this property for the simultaneous extraction of both aglycones and glycosides. 
When an aqueous KOH solution (50 mmol/m3) was used as extraction solvent, both 
ruberythric acid and lucidin primeveroside were extracted. When chloroform was used as 
extraction solvent, the anthraquinone primeverosides were not extracted into chloroform and 
only a small amount of alizarin and lucidin was extracted. Selective extraction from dried 
pulverised madder roots of the anthraquinones alizarin and lucidin into chloroform and their 
primeverosides into the aqueous phase was achieved using a chloroform-water two-phase 
extraction with pH adjustment to pH=555. 

In many cases the glycosides in the extract are subsequently hydrolysed in aqueous 
(2-5%) H2S04 or HC1 solution at 80-100°C47'48'51'56. In this process the main glycosides of 
madder, ruberythric acid and lucidin primeveroside, are converted to their aglycones alizarin 
and lucidin with the simultaneous release of glucose and xylose. During the hydrolysis most 
of the aglycones precipitate45. Direct acidic hydrolysis of madder root extract gives a black 
precipitate. An aqueous extract of madder root also contains asperuloside, an iridoid 
glycoside. On warming with dilute acids i.e. the conditions of the hydrolysis asperuloside 
gives first a green colour and then a tarry black precipitate47-57. Partial hydrolysis of 
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anthraquinone glycosides can be achieved with an aqueous solution of NaOH58. Another 
possibility is the hydrolysis of the glycosides with hydrolases. Masawaki et al. claimed that 
ruberythric acid, in a two phase chloroform-water solution, could be selectively and 
completely converted to alizarin within 6 hours by enzymatic hydrolysis with 6-glucosidase at 
50°C at pH=5. In contrast only 60% of ruberythric acid was converted to alizarin in a one-
phase aqueous solution after 6 hours. This could be explained by the fact that alizarin exerts 
an inhibitory effect on the enzymatic hydrolysis of ruberythric acid in the solution. In the two-
phase extraction the enzymatic hydrolysis of ruberythric acid could proceed effectively 
because the inhibitory effect of alizarin was reduced by the extraction of alizarin into the 
CHCI3 layer55. In this experiment lucidin primeveroside was not enzymatically hydrolysed by 
P-glucosidase55. 

The anthraquinones can be further purified by precipitation or by chromatography. 
Precipitation can be achieved with reagents as lead acetate59. Precipitation was very common 
in older days. Nowadays components are mainly purified by chromatography. 

1.3.2. Column chromatography 

Crude extracts of anthraquinones can be further fractionated by column chromatography. 
Many column materials have been used for the purification of anthraquinones of Rubia 
tinctorum. Eluents used for normal phase column chromatography usually consist of a series 
of solvents of increasing polarity (table 1.1). 

Table 1.1 Column material and eluents used for the separation of anthraquinones by low-

pressure column chromatography. 

Product name 
Silica gel 

Sephadex G-25 

Sephadex LH20 

Amberlite XAD-2 

Dowex 50 (H+) 

Material 
Si02 

Solvent 
methanol 
acetone 

chloroform 
petroleum ether 40-60 

benzene 

chloroform-methanol 

hexane-ethyl acetate 

' hexane 

chloroform-methanol 

crosslinked dextran 

crosslinked hydroxy-propylated dextran 

0.5% aq. sodium carbonate 

methanol 

methanol 

' chloroform-methanol 

non-ionic polymeric absorbent 

strongly acidic cation-exchange resin 

water-methanol 

methanol 

Reference 
35 
36 
36 

16 
36 

38 

lis 
43 

60 

49 

35 

51 

43 

58 
51 
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Pre-purification and concentration of anthraquinones occurring in plant extracts can be 
effected by solid-phase extraction (SPE) using C8 cartridges. A crude ethanol extract was 
diluted tenfold with water and passed drop-wise through pre-activated SPE cartridges. These 
cartridges were then washed with water followed by methanol-water (30-70). After drying the 
cartridge with air the anthraquinone fraction was eluted from the column with methanol-water 
(80:20)46'51. 

1.3.3 Paper chromatography and thin layer chromatography 

Paper chromatography has been frequently used in the past. Shibata et al. (1950)61 applied 
paper chromatography for the separation and identification of anthraquinone pigments. Petrol 
ether (bp. 45-70°C) saturated with 97% methyl alcohol was used as solvent. After 
development the spots were revealed with magnesium acetate61. n-Butanol-acetic acid-water 
(4:1:5) was used as eluent for the separation of both the glycosides and aglycones62. 

Nowadays thin layer chromatography (TLC) has replaced paper chromatography. TLC 
is now frequently used for the planar separation of anthraquinones, the most frequently used 
adsorbent being silica28. Almost every research group has developed their own solvent system 
in table 1.2 some examples of eluents are given for the separation of anthraquinones in Rubia 
tinctorum extracts. Preparative TLC has been applied for the purification of anthraquinones 
from Rubia tinctorum^. 

Detection of anthraquinones on TLC plates is very simple due to their yellow-orange 
colours. Some anthraquinones show a colour when observed in UV254 light and most of them 
show colours when observed in UV366 light. A change in colour is also observed when 
hydroxyanthraquinones are sprayed with a solution of KOH or NaOH in methanol (5% w/v). 
This detection method for hydroxyanthraquinones is called the Borntrager reaction. The 
colour changes from yellow-orange to red-purple due to the ionisation of the OH group(s). 
The mesomerism is enlarged and results in a shift of the absorption maximum to higher 
wavelength4^.66. Another identification test is the exposure of the spots to NH3 vapour; a 
colour change of the anthraquinone spots is observed28'44. As already mentioned spots can 
also be revealed by spraying with 0.5% magnesium acetate in methanol and heating at 90°C 
for five minutes. Hydroxyanthraquinones react with this reagent if they have at least one 
hydroxyl group in the 1-position. Depending on the position of the hydroxyl groups in the 
anthraquinone nucleus different coloured spots were produced with this reagent. Compounds, 
which contain two hydroxyl groups in the 1,2-position, give a violet colour, those with two in 
the 1,3-position an orange-red or pink colour and those with two in the 1,4-position give a 
purple colour61. 
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Table 1.2 Eluents used for the separation ofanthraquinones by silica gel TLC. 

Eluent 
n-butanol saturated with 6M ammonia-methanol 4:1 
ethyl formate-formic acid-toluene 7:2:5 

ethyl formate-formic acid-toluene 4:1:5 

toluene-pyridine-acetic acid 10:1:1 
benzene-ethyl acetate 1:1 

n-butanol-ethanol-water 4:1:5 

n-butanol-pyridine-water-benzene 5:3:3:1 

n-butanol-pyridine-water 6:4:3 

methanol-10 vol-% aq. acetic acid 6:4 

methanol-10 vol-% aq. acetic acid 7:3 

methanol-10 vol-% aq. acetic acid 8:2 

chloroform-hexane-ethyl acetate-acetic acid 40:40:15:5 

toluene-acetic acid 9:1 

n-butanol-ethanol-ammonia 6:2:3 

benzene-ethyl formate-formic acid 40:24:1 

chloroform-ethyl acetate 6:1 

ethyl acetate-methyl ethyl ketone-formic acid-water 5:2:0.2:1 

toluene-methanol 9:1 

ehloroform-methanol-25% ammonia 85:14:1 

benzene-ethanol 8:2 

benzene-ethyl acetate-methanol 40:30:5 

chloroform-benzene-ethyl acetate-acetic acid 40:40:155 
methanol-10 vol-% aq. acetic acid 8:2 

chloroform-benzene-ethyl acetate-ethanol 8:8:3:1 

benzene-acetone 9:1 
chloroform-methanol 9:1 

hexane-ethyl acetate 9:1 

hexane-ethyl acetate 8:2 

chloroform-methanol 8:2 

chloroform-methanol 7:3 

Reference 
47 
47 

47 

47 

47 

47 

47 
47 

56 

56 

56 

56 

56 

49 

49 

49 

49 

64 

64 

51 

44,65 
44 

41 

43 

43 

38,43 

38 

38 
38 

38 

1.3.4 Gas liquid chromatography (GLC) 

For GLC studies of hydroxyanthraquinones more volatile derivatives have to be prepared, 
because the anthraquinones as such are not sufficiently volatile. Several derivatives, namely 
methyl ethers, trimethylsilyl (TMS) ethers and trifluoroacyl derivatives have been separated 
on SE-30, OV-17, and UC-W98 phases67-68. All anthraquinone derivatives other than 
reductively silylated ones gave excessive tailing when chromatographed67. Reductive 
silylation was therefore considered the method of choice for derivatization of 
hydroxyanthraquinones67. The influence of the number and position of substituents in the 
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anthraquinone nucleus on GLC behaviour is clear. An increase in retention time was observed 
with an increase in the number of hydroxyl groups. The GC elution order largely 
follows the molecular weights. Within the group of dihydroxyanthraquinones, 
1,4-dihydroxyanthraquinones had shorter retention times than 1,2- or 
1,3-dihydroxyanthraquinones. Hydroxyanthraquinones have longer retention times than the 
corresponding methylanthraquinones. Retention time was also decreased when a hydroxyl 
group was replaced by a methoxyl group67-69. 

1.3.5 High pressure liquid chromatography 

In spite of the excellent separation of the anthraquinones by GLC, one preferably uses high 
pressure liquid chromatography (HPLC) for the separation of these compounds. For an HPLC 
separation the anthraquinones do not have to be silylated, which saves time and prevents 
possible losses during the derivatisation. Several screening methods for anthraquinones in 

Table 1.3 HPLC systems used for the separation of anthraquinones ofRubia tinctorum. 

HPLC column 

KONTRONRP18 

RP-C-18Novapak 

Shin-Pack CLC-ODS 

Shin-Pack CLC-ODS 

Hypersil 5 RP 

TSK ODS 120 T 

TSKODS120T 

Armsfer-C8 

Nucleosil-508 

ODS Hypersil RP 

Superpac PEP S C2/C18 RP 

RPC,8LiChroCART 

Alltima end-capped Ci8 

Eluent 

0.1% aq. acetic acid-acetonitrile gradient 

methanol-10% aq. acetic acid isocratic 

methanol-5% aq. acetic acid 7:3 isocratic 

methanol-5% aq. acetic acid 6:4 isocratic 

isocratic elution methanol-5% aq. acetic 
acid 7:3 

methanol-10% aq. acetic acid 3:7 gradient 

methanol-10% aq. acetic acid 3:2 gradient 

acetonitrile- 4% aq. acetic acid gradient 

methanol-0.1%H3PO4 

isocratic methanol- 5% aq. acetic acid 7:3 

acetonitrile-0.02 M ammonium acetate 

buffejEH 4 15.:8IgradienL 

methanol-10% aq. acetic acid isocratic 

water-acetonitrile gradient 

Compound 

gly + agly 

agly 

agly 

agly 

agly 

Reference 

40 

56 

35 

35 

46 

gly 48 

agly 

alizarin 

gly + agly 

gly + agly 

gly + agly 

agly 

gly + agly 

48 

50 

51 

51 

51 

41 

70 
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Rubia tinctorum, based on HPLC have been described in the literature40-41.46,51,56 
Ci8 reversed-phase materials are mostly used with an occassional mentioning of silica gel. 

In general, the HPLC methods focused on the aglycones or even only on alizarin. In 
most cases the madder extract is first hydrolysed and the total quantity of alizarin is 
determined after HPLC separation41-56. Three HPLC methods for the simultaneous analysis 
of both glycosides and aglycones were described40-51,7°. 

In all the articles the anthraquinones of Rubia tinctorum were (quantitatively) 
measured through determination of the ultraviolet (UV) absorbance at 
254 nm40-41-46-51-56-70-71, 280 nm48-50-51 or at visible wavelengths more specific for 
anthraquinones as 430 nm72, 480 nm41 or 500 nm41. The eluents used for the HPLC 
separation of the glycosides generally consisted of mixtures of water and acetonitrile or water 
and methanol28. Most research groups added some acid to suppress tailing of the 
anthraquinone peaks70. In table 1.3 the HPLC systems used for the separation of 
anthraquinones of Rubia tinctorum are described. 

1.3.6 Liquid-liquid chromatography techniques 

Liquid-liquid partition chromatography has been applied successfully for the separation of 
anthraquinone glycosides and aglycones29-63-73-74. A liquid-liquid separation technique called 
droplet counter current chromatography (DCCC) has been developed in 1970 by Tanimura et 
al.15. The liquid separation is based on the partitioning of the different compounds in the 
sample between many tiny mobile phase droplets, which move through the stationary phase, 
and the stationary phase. DCCC was used for the separation of anthraquinone glycosides or 
aglycones73-74. The solvent system chloroform-methanol-water 5:5:3 was used for the 
separation of the two main anthraquinone glycosides of Rubia tinctorum70. 

During a DCCC experiment gravity is the driving force for the movement of the 
mobile phase through the stationary phase. In the newer technique of centrifugal partition 
chromatography (CPC) centrifugal forces drive the process. Separation by CPC is much 
faster than by DCCC. Hermans-Lokkerbol et al. optimised the solvent system for the 
separation of both the anthraquinones aglycones and glycosides in a Rubia tinctorum extract 
with CPC. The solvent systems n-hexane-ethyl acetate-methanol-water 9:1:5:5 and 
chloroform-methanol-water-acetic acid 5:6:4:0.05 were used and offer different selectivity. 
The first system was used for the separation of anthraquinone aglycones and the second 
system for the separation of aglycones and glycosides63. 
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1.3.7 Capillary electrophoresis 

Recently the separation of 10 anthraquinone aglycones and two glycosides from Rheum by 
capillary electrophoresis was described76 and compared with HPLC separation. From the 
investigated anthraquinones also alizarin and purpurin occur in madder. Because all of the 
anthraquinones can be charged by means of complexation with a borate buffer, capillary zone 
electrophoresis (CZE) with a 90 cm x 75 u,m fused silica capillary was used. The detection 
window was located at 80 cm. The voltage was 23 kV and the temperature 20°C. The 
injection was pressure controlled (1.2 sec at 200 mbar). The total run time was 39 minutes 
compared to 63 minutes for the HPLC separation. 

Best resolution was obtained at a 30 mM borate concentration, a pH value of 10.56 
and with acetonitrile as organic modifier. The detection limit was about ten times higher than 
the corresponding HPLC detection limit76. CZE has some merit for the fast analysis of 
anthraquinones although further research is necessary to see if it can be successfully 
employed for the quantitation of madder extractives. 

1.4 Secondary metabolites occurring in Rubia tinctorum 

The most important components of Rubia tinctorum are the anthraquinones. The 
anthraquinones found in Rubia tinctorum differ in the nature of the substituents and the 
substitution pattern. Due to the biosynthetic route of anthraquinones (vide supra) in 
Rubiaceae these substituents are only found on carbon atoms 1, 2, 3 and 4. A hydroxyl group 
is frequently encountered as substituent. In literature a total of 36 different anthraquinones 
were isolated and identified from madder root (appendix). The basic anthraquinone structure 
is depicted in figure 1.8. 

Alizarin is the most well known anthraquinone from madder. In 1826 alizarin was first 
isolated from Rubia tinctorum by Colin and Robiquet77. After the first isolation of alizarin 
many other anthraquinones were isolated from Rubia tinctorum for example purpurin, 
munjistin, rubiadin, pseudopurpurin, nordamnacanthal, lucidin, xanthopurpurin and 
anthragallol. Ruberythric acid was first isolated in a crystalline form by Rochleder in 185178. 
Ruberythric acid consists of the aglycone alizarin and a disaccharide. Many years later the 
sugar moiety was identified as primeverose, a disaccharide of xylose and glucose79. Lucidin 
is another anthraquinone in madder that is mainly present as its glycoside form. The sugar 
moiety is also primeverose. In the literature of the 19th century and early 20th century the 
occurrence of other glycosides was reported: rubiadin glucoside5-78-80 galiosin 
(pseudopurpurin 1-8-primeveroside), rubiadin 3-B-primeveroside, rubiadin glucoside, rubianin 
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(a C-glucoside)1-3'5'81, rubiadin 3-B-D-glucoside, galiosin (pseudopurpurin 
P-primeveroside)82. However in more recent literature these findings have not been 
confirmed. In recent literature only ruberythric acid and lucidin primeveroside have been 
reported. Recently three new glycosides were found in Rubia tinctorum: 
lucidin glucoside, 2-hydroxymethylanthraquinone 3-glucoside and 3,8-dihydroxy-
2-hydroxymethylanthraquinone38. Because the proposed biosynthetic route for 
anthraquinones in Rubia tinctorum does not allow substitutions in both anthraquinone rings, 
the report of the latter compound needs to be confirmed. 

Some anthraquinones isolated from Rubia tinctorum are believed to be artefacts for 
example the anthraquinones which show the presence of a 2-methoxymethyl or 
2-ethoxymethyl group. These anthraquinones have been formed during extraction with boiling 
methanol or ethanol28-53-83. According to Schweppe, the anthraquinones purpurin 
(1,2,4-trihydroxyanthraquinone) and purpuroxanthin (1,3-dihydroxyanthaquinone) are 

formed from respectively pseudopurpurin (3-carboxy-l,2,4-trihydroxyanthraquinone) and 
munjistin (2-carboxy-l,3-dihydroxyanthraquinone) during drying of the roots1. Some 
anthraquinones were only isolated once from Rubia tinctorum. It is thus doubtful whether 
these anthraquinones are really present in madder, especially if there are few spectral data 
available as for example with quinizarin-2-carboxylic acid (appendix). 

O 

II 

I II II I 

Figure 1.8 The basic anthraquinone structure and the numbering of the carbon atoms chosen in 
this research. 

1.5 Dyeing with madder 

7.5.7 Compounds responsible for the dyeing effect 

The roots of Rubia tinctorum have been used for dyeing textiles in many parts of the world 
since ancient times. Madder was widely cultivated in Western Europe for the dye industry 
until the beginning of the twentieth century. Rubia tinctorum contains useful anthraquinone 
mordant dyes. Anthraquinone derivatives are good mordant dyes if they satisfy the following 
conditions: 
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1. The anthraquinone has a hydroxyl group at the C-l (or C-4) position next to one of the 
carbonyl groups. 

2. The hydrogen bonding must be weakened by a substituent at C-3 with an -I or -M effect, or 
a substituent at C-2 with a +1 or +M effect17. 

The anthraquinones in madder with only one free phenolic group are of no dyeing 
importance1. 

At the end of the nineteenth century alizarin could be produced synthetically. As the 
colouring capacity of alizarin was very similar to that of dried madder roots, the cultivation of 
madder quickly came to an end and only synthetic alizarin was used for dyeing textile1. 

1.5.2 Theory and practice of dyeing with madder 

A lot of different formulas for dyeing with madder have been described in the literature. The 
recipes can be divided in two main classes, according to the origin of the material to be dyed, 
the number of process steps and the necessary chemicals. 
1. The Alizarin red procedure, for dyeing animal derived fibres such as wool 

2. The Turkish red procedure, for dyeing plant derived fibres such as cotton1 

In a lot of modern handbooks on dyeing, the difference between these procedures is not taken 
into account9. But actually it is as complicated to dye vegetable fibres like cotton, flax or 
hemp with madder derived dyestuff, as it is uncomplicated to dye an animal fibre with a 
madder dyestuff. In contrast with cotton, wool fibre can be dyed red that is hearty and has a 
good chroma with a much easier dyeing recipe using only alum as mordant. For madder 
dyeing of a plant-derived fibre like cotton yarns a much more complicated recipe has to be 
used with a large number of dyeing steps and mordant components1'9'17. This must be due to 
the different composition of both fibres. Cotton (a vegetable fibre) consists of 94% cellulose1, 
which is built of 8-glucopyranosyl residues joined by 1—* 4 linkages. Wool (an animal fibre) 
consists of the protein cc-keratin84. 

In the Alizarin red procedure the main steps are: 
1. Pre-treatment 
2. Mordanting 
3. Dyeing 
4. Washing 

Between the mordanting and the dyeing step the wool does not have to be dried.1. 
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In the Turkish red procedure the following steps can be distinguished: 
1. Pre-treatment; The yarn or cloth is cleaned from fatty and waxy components. 
2. Oiling; The fibre is repeatedly treated with oil (Tournant oil or Turkish red oil). 
3. Treatment with tannic acid; Fixing agent for the alum mordant. 
4. Treatment with mordant; The mordant is necessary as fixative for the dye. 
5. Fixation of the mordant; The fixation is mostly achieved by drying of the textile at a low 
temperature. Kiel (1961) showed that the formation of Al(OH)3 out of aluminium acetate 
mordant and sulphonate mordant is essential for the fixation. He showed that the fixation was 
maximal if the pH lies between 4 and 9 during the fixation. 
6. Dyeing; The stained cloth is dyed with madder. A colour complex is formed between the 
dye, the mordant and the calcium. 

7. Washing; The excess dye and other used compounds are removed from the cloth17. 
Other compounds can be used in the dyeing process to change the dyeing result. Most 

of these compounds give a qualitatively different product. For example the use of the 
alternative mordant FeS04 • 7H2O results in a darker and blacker colour. Copper gives a 
warmer and deeper colour. If the textile is placed in a tin bath after drying, the colour turns 
more yellow. It is assumed that the Sn(II) ions displace some of the calcium ions. This 
process is named "aviveren" in Dutch17. 

In the past a lot of authors have proposed different structures for the coloured complex 
that will be formed during the dyeing process. It was already known before 1868 that besides 
dye and mordant also calcium is essential for the complex. The pKa values of the alizarin 
hydroxyl groups at position 1 and 2 are respectively 12.0 and 8.2 making the 2-hydroxyl 
group the more acidic one. During the formation of the dye complex a calcium ion reacts with 
the 2-hydroxyl while an aluminium ion forms a complex between the 1-hydroxyl and the 
carbonyl group. The ratio between both alizarin and aluminium and between alizarin and 
calcium is 2: l17. 

Based on IR spectra of alizarin-metal ion complexes Kiel suggested that the complex 
must have an Al3+ chelated in the 6-ketol (C-l or C-4) position of the alizarin molecule. 
Thirty-five years later Soubayrol et al. proved with 27A1 NMR in the solid state that the 
complex is a binuclear co-ordination complex (figure 1.9) of the structure proposed by Kiel85. 
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Figure 1.9 Structure for the dye complex suggested by Soubayrol et al.°->. 

Figure 1.10 Three-dimensional structure of one half of the binuclear dye complex suggested by 

Soubayrol et al.°-'. 

The binuclear species consists of a tetra anion skeleton formed around two Al3+ ions 
linked by two hydroxyl bridges85. Depending on the nature of the cation and 
the drying conditions, the complex is surrounded by a variable number of water molecules, 
[Al2(|a.-OH)2Na2(C14H604)4(H20)4](H20)2(Na)2and[Al2(n-OH)2Ca2(C14H604)4(H20)4](H20)2 
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respectively. The four-alizarinate ligands are probably bound with their eight free oxygen 
atoms to the four H20 molecules as shown in figure 1.9. 

Alizarin molecules Azl and Az3 partially overlap each other with two water 
molecules in front of the complex. Similarly molecules Az2 and Az4 overlap each other with 
the two remaining water molecules at the rear of the complex. The alizarin entities, which 
overlap each other with two benzene rings form a sandwich structure inside of which two Na+ 

or two Ca2+ cations are probably confined (figure 1.10). The ionic radii of Na+ and Ca2+ fit 
nicely into a benzene hexagon of 2.4 A diameter, which therefore supports the formation of 
(C6H6>2Na sandwich subunits. Deformation of the four O-Al bonds in the core is probably 
responsible for the decrease in the apparent co-ordination number of Al in the closed 
complex, (a lot of strain for including the bulk of the ligands) leading to an atypical chemical 
shift for 27A1 near 24 ppm. If instead K+ or Ba++ are used as ions the complexes 
[Al2(u-OH)2(C14H604)4(H20)](H20)5(K)4 and [Al2(u-OH)2(C14H604)4(H20)3KH20)3(Ba)2 are 
formed. These are called binuclear open structure complexes. The bulkier K+ or Ba++ cations 
are not able to enter the alizarin sandwich structure and rather than having Al-O-Al bridges 
that are too strained, the structures remain open and the water molecules are no longer 
necessary. In this case, the co-ordination number six gives standard 27A1 chemical shifts near 
zero and probably standard O-Al bond lengths near 1.86 A as in[(Al2)u-OH)2]

4+ core 
complexes85. In the case of Ba2+, the stable complex is a trihydrate, with probably two 
alizarinates connected by two water molecules, the other two ligands remaining free85. 

Inspection of molecular models showed that the two water molecules of each 
dibenzene sandwich may be replaced by a cellobiose entity representing a unit of the cellulose 
fibre. This possibility provides a possible explanation for the fixation of this dye on cotton 
fabric85. 

1.6 Non-dyeing uses and biological activity of madder 

1.6.1 Non-dyeing uses 

Extracts of madder root (Rubia tinctorum) contain some compounds of pharmacological 
interest. Crude extracts have been used for the treatment of bladder and kidney stones, 
especially those consisting of calcium oxalate and calcium phosphate in the urinary tract. 
In vitro experiments showed that ruberythric acid prevented the formation of calcium 
phosphate and calcium oxalate86. Extracts of madder roots have been used as ingredients of 
phytopharma-ceuticals28.40'44.46.47-50.51.53'56-86'87. Rubia Teep® tablets from Madaus (Koln, 
Germany) are an example of a madder phytopharmaceutical. With regard to the effect against 
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stones no clinical trials exist88. Thus in view of the potential toxicity a negative advice about 
the medicinal use of madder was released by the German Commission E. Madaus withdrew 
Rubia Teep from the market in 1990 due to possible mutagenic properties of lucidin 
(vide infra). 

Alizarin can be used to stain calcium deposits in soft tissues. Dermato-pathologists use 
it to detect dermal calcium in disorders such as pseudoxanthoma elasticum and calcinosis 
cutis89. It harmlessly stains also living tissues. Bones of animals that ate madder turned pink 
or red. The active compound responsible for the staining is supposed to be pseudopurpurin89. 

Alizarin is also used diagnostically as a marker for the study of bone growth. Alizarin 
and radioactive calcium are deposited similarly in growing bones, including those of the skull. 
Radioactive calcium and alizarin are deposited similarly in growing bones. However 
radioactive calcium is toxic for both the investigator and the patient, a disadvantage which 
does not arise with the use of alizarin13'90. 

Another application of madder extract is its use as food colourant. Natural food 
colourants are used rather than synthetic ones, because of a consumer preference for natural 
products. It is widely believed that natural colourants are generally safer than synthetic ones. 
Madder root extract has been used as a food colourant in confections, boiled fish and soft 
drinks in Japan due to their colours with distinctive heat and light resistant properties. Madder 
root anthraquinones turn purple after reacting with proteins in foods51'56'91'92. 

1.6.2 Mutagenic and carcinogenic activity of Rubia tinctorum extracts 

Because of the application of Rubia tinctorum, extracts in phytopharmaceuticals and as food 
colourants studies on the safety of these products have been carried out. Brown and Dietrich 
(1979) were the first to report lucidin to be mutagenic65. Later different authors confirmed 
that this anthraquinone shows mutagenicity in several strains of Salmonella 

typhimurium40'49'65'71*9!-96. The mutagenicity of lucidin was also tested in a battery of 
genotoxicity assays: mutagenicity in bacterial cells49 and mammalian cells49'53'65'71-97, 
induction of DNA repair in primary rat hepatocytes53 and in vivo transformation of C3H/M2-
mouse fibroblasts53'65-91-98. Lucidin induced unscheduled DNA synthesis in primary rat 
hepatocytes and transformed C3H/M2 mouse fibroblasts40-65'71'97. The genotoxic effect of 
lucidin is a matter of some concern in products containing Rubia extracts. For example, Rubia 
Teep tablets contain small amounts of lucidin and lucidin primeveroside51 and products with 
madder root extract are used as a food colourant. The glycoside lucidin primeveroside 
(a compound of madder root) is metabolised in rats to the genotoxic lucidin40-7i.94-97 and 
rubiadin99-100. 
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In a thorough study Kawasaki et al. (1992) elaborated that the mutagenicity of madder 
is not exclusively due to lucidin. Dried roots of madder were extracted with different solvents 
and these extracts were fractionated by chromatography. Twenty compounds were isolated 
from the roots of Rubia tinctorum and these compounds were tested for their mutagenicity in 
Salmonella typhimurium strain TA 100 and/or TA98. l-Hydroxy-2-methylanthraquinone, 
lucidin-co-methylether, rubiadin, xanthopurpurin, 7-hydroxy-2-methyl-anthraquinone, lucidin, 
lucidin-co-ethylether, lucidin primeveroside and the non-anthraquinone compound mollugin 
showed mutagenicity35. The non-anthraquinone compound mollugin is a direct mutagen35. 

Kawasaki et al. further studied the mutagenicity of 25 anthraquinones to determine the 
structure-mutagenicity relationship. Lucidin and the alkoxy derivatives (lucidin-
co-methylether and lucidin-co-ethylether) as such showed mutagenicity. Rubiadin that can be 
regarded as lucidin reduced at the hydroxymethyl group, showed mutagenicity only after 
metabolic activation. They concluded that 1,3-dihydroxyanthraquinones possessing a methyl 
or hydroxymethylgroup on carbon-2 are mutagenic. An oxygenated state of the benzylic 
carbon-2 is essential for direct mutagenicity35. 

Lucidin primeveroside exhibited mutagenic potential in Salmonella typhimurium 
TA100 without S9 (post mitochondrial supernatant fraction) mix but not with the addition of 
this preparation101. When the glycoside was treated with hesperidinase during the 
preincubation period, it became more active. In that case it was active both in the presence 
and absence of the S9 metabolic activation mix. This pointed in the direction of lucidin as the 
actual direct and indirect mutagen. When the preincubation period was prolonged, higher 
mutagenicity was found confirming the hypothesis about lucidin as the responsible 
compound101. The data confirmed earlier findings about the mutagenicity of lucidin. 

These mutagenic studies showed that lucidin can be metabolised to a reactive 
compound which forms covalent adducts with DNA and possibly other macromolecules. It 
was reported that lucidin forms ethers and esters upon heating with alcohol or acids. This 
supports the reactive character of lucidin40-83-97. Lucidin ethylether and methylether also 
showed mutagenicity35-71. Kawasaki et al. (1994) proved that lucidin forms an adduct with 
the nucleic acids adenine and guanine under physiological conditions. The reactivity of 
adenine is higher than that of guanine. No adducts of pyrimidine were detected102. These 
adducts were identified as products from a reaction at the benzylic position of lucidin with a 
nitrogen atom of the base. This indicated the formation of an exomethylenic compound as an 
electrophilic intermediate102. Poginsky et al. (1991) also suggested the formation of an 
electrophilic intermediate that could react with DNA40 (figure 1.11). Compounds like 
nordamnacanthal (2-formyl-l,3-dihydroxyanthraquinone) and munjistin (2-carboxy-
1,3-dihydroxyanthraquinone) do not possess an oxymethylene group on carbon 2 and are not 
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mutagenic since an easy dehydration to an exocyclic methylene group is not possible in these 
compounds. Substitution of the 1,3 dihydroxy group drastically decreases the mutagenicity 
because the exomethylenic electrophile derived from the substituted compound, like lucidin 
primeveroside cannot exist as a stable tautomer. 

lucidin adenine lucidin guanine 

Figure 1.11 Structures of lucidin-base adducts and the proposed reaction for the formation of 

the lucidin adducts40-102. 

To elucidate the possible carcinogenicity of madder roots, three groups of rats 
received either a normal diet or a diet supplemented with 1% or 10% madder for more than 
two years103. After this period all surviving animals were sacrificed and their organs studied. 
Weight gain and morbidity were not different among the three groups. Non-neoplastic lesions 
related to the treatment were evident in the liver and kidneys of both sexes. Moreover, dose-
dependent increases in benign and malignant tumour formation were observed in the liver and 
kidneys of treated animals. 32P-Post-labelling analysis showed an increase in the overall level 
of DNA adducts observed in the liver, kidney and colon of rats treated with 10% madder root 
in the diet. HPLC analysis of 32P-labelled DNA adducts revealed a peak co-migrating with an 
adduct obtained after in vitro treatment of deoxyguanosine-3'-phosphate with lucidin. These 
observations implied that the long-term medicinal use of madder by humans is associated 
with the risk of formation of malignant tumours103. 
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1.6.3 Biological activity ofRubia extracts 

In two assays antioxidant activity was established for alizarin104. The antibacterial and 
antifungal activity of aqueous (containing glycosides) and ether (containing aglycones) 
extracts of madder was tested. The aqueous extract showed antibacterial activity against 
Sh. largei-sachsii. The ether extract was active against Sh. largei-sachsii. Staphylococcus 
aureus and Streptococcus haemolyticus. Madder powder and the total aglycones showed 
fungal activity against Candida albicans, Geotrichum candidum, Geotrichum louberi, 
Rhodotorula rubra, Rhinoclaviella sp. and Saccharomyces cervisiae105. The pure 
anthraquinones nordamnacanthal and alizarin showed antifugal activity106. Of 45 tested pure 
compounds purpurin was the most effective one against flagellates107. 

1.7 Motivation for and outline of this thesis 

The roots of Rubia tinctorum (madder) are the source of a natural dye (alizarin) and they have 
been used to dye textiles in many parts of the world since ancient times. At the end of the 
19th century the use of madder for dyeing rapidly declined due to the invention of synthetic 
alizarin and its large-scale production1-13-108. Nowadays there is a renewed interest in dyes 
from madder root, due to different reasons. 

1. Increasing costs of the production of synthetic alizarin. The formed polluting side 
products have to be removed from the final product which takes nowadays already more 
than 50% of the production costs and this will increase due to the growing environmental 
restrictions. 

2. Environmental concerns. During the synthesis of alizarin a lot of polluting side products 
are formed (1000 mass-%), like carbonised tar, polluted sulphuric acid and base, large 
amount of salts and breakdown products of anthraquinones. 

3. Renewed interest in natural dyes. 
4. The need for potential alternative crops to create a greater variety in agricultural products. 
An important element in the revitalisation of madder is the preparation of a dye formulation, 
which can compete in quality and price with synthetic alizarin. 

For the development of an economically feasible industrial process for the large-scale 
production of a dye preparation from madder root, research has been performed on madder 
root. Good methods must be developed for the isolation, purification and analysis of alizarin 
and other anthraquinones. In chapter 1 of this thesis, an overview is given about the available 
literature information on Rubia tinctorum. A HPLC procedure has been developed for the 
separation of anthraquinones in a madder root extract. On-line identification of the 
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anthraquinones in madder root is important for the fast analysis of the main anthraquinones. 
The development of such a procedure is reported in chapter 2. After identification of the most 
important anthraquinones, different approaches were investigated to increase the extraction 
yield of alizarin from madder root (chapter 3). Beside alizarin also the amount of lucidin 
present or formed has to be taken into account. Because of the mutagenity of lucidin, this 
compound is not desirable in a dye preparation. The formation of lucidin has to be avoided or 
the lucidin present has to be eliminated. This is described in chapter 3. Different madder 
cultivars were screened for their content of the most important anthraquinones (chapter 4). 
For this screening a fast and reliable quantification method had to be developed, which is also 
described in chapter 4. Finally alizarin must be isolated. The isolation procedure must achieve 
an extraction yield of =90%, be cheap, not labour intensive, not use toxic solvents and have 
few process steps. An overview of different approaches, which were used for the isolation of 
alizarin from the rest of the plant material and a discussion of their usefulness, is given in 
chapter 5. 
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