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Summary. Experimental studies on the sensitizing capacity of naturally 
occurring benzoquinones, isolated from plants and woods have been carried out 
in guinea pigs of the Pirbright white strain. Seven compounds were available: 
primin, three dalbergiones, mansonia quinone (mansononeA), 2,6-dimeth- 
oxybenzoquinone and rapanone. With five of these substances (primin, 
mansonone A, three dalbergiones) guinea pigs could be sensitized. Primin, the 
allergen of Primula obconica Hance (primrose) proved to be the most effective 
one of all quinones tested in this and the preceding studies. As a similar but 
weaker sensitizer R-3,4-dimethoxydalbergione from Machaerium scleroxyIon 
Tul. (Pao ferro, Caviuna vermelha) could be identified. 

The results obtained with mansonone A, a sesquiterpenoid quinone from 
Mansonia altissima A. Chev. demonstrate that even naturally occurring ortho- 
quinones are capable of inducing contact allergy. Allergic cross reactions could 
be obtained between all chemically related mansonones A - F .  

The results are in good accordance with the view that the sensitizing capacity 
of naturally occurring quinones depends on the fundametal quinoid structure 
and the length, position and configuration of the aliphatie side-chain. 

Key words: Naturally occurring quinones - Sensitizing capacity - 
Primin - Dalbergiones - Plants and woods 

Zusammenfassuug. Experimentelle Untersuchungen fiber das Sensibilisierungs- 
verm6gen yon nattirlich vorkommenden Benzochinonen aus Pflanzen und 
H61zern wurden an Meerschweinchen des Pirbright-white-Stammes durchge- 
ftihrt. Sieben Verbindungen standen zur Verftigung: Primin, drei Dalbergione, 
Mansonia Chinon (Mansonon A), 2,6-Dimethoxybenzochinon und Rapanon. 
Mit ffinf von ihnen (Primin, Mansonon A, drei Dalbergionen) konnten die Tiere 
sensibilisiert werden. 

Primin, das Allergen der Becherprimel Primula obconica Hance erwies sich 
als das st/irkste aller in dieser und der vorherigen Studie untersuchten Chinone. 

* This study was supported by grant of Deutsche Forschungsgemeinschaft 

0340-3696/79/0264/0275/$2.40 
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Ein etwas schw/icherer Sensibi l i sa tor  war  das R-3 ,4 -d ime thoxyda lbe rg ion  aus 
Machaerium seleroxylon Tul. (Pao ferro,  Cav iuna  vermelha).  

Die  Resul ta te  mi t  M a n s o n o n A ,  e inem sesqui te rpenoiden  Chinon  aus 
Mansonia altissima A. Chev. (Manson ia ,  B6t6) zeigten, dab  auch nat t i r l ich 
v o r k o m m e n d e  O r t h o - C h i n o n e  eine Kon tak ta l l e rg i e  zu induzieren  verm6gen.  
Mi t  den chemisch ve rwand ten  M a n s o n o n e n  B - F  k o n n t e n  Kreuz reak t i onen  
ausgel6st  werden.  

Die  Unte r suchungsergebn isse  zeigten erneut ,  dab  die SensibilisierungslTfihig- 
kei t  von natiJrl ich v o r k o m m e n d e n  Ch inonen  sowohl  von der  ch inoiden  
G r u n d s t r u k t u r  als auch v o n d e r  Lfinge, Pos i t ion  und  K onf igu ra t i on  der  
a l ipha t i schen  Sei tenket te  abh~ngt .  

Sehli isselwiirter:  Natf i r l ich  v o r k o m m e n d e  Chinone  - Sensibi l i s ierungsverm6-  
gen - Pr imin  - Da lbe rg ione  - Pf lanzen und  H61zer 

Benzo- und  n a p h t h o q u i n o n e s  are  fa i r ly  d i s t r ibu ted  in p lan ts  and  woods .  In  the 
recent  two decades  some o f  them have been detected as the cause o f  al lergic diseases. 
Sensi t izat ion main ly  occurs  in persons  who  are  occupa t iona l ly  exposed  to the p l an t  
or  w o o d  mate r i a l  as florists,  gardeneres ,  p l a n t  nursers  or  furni ture  and  cabine t  
make r s  [33, 35]. Exper imen ta l  studies have ind ica ted  tha t  a grea t  n u m b e r  o f  benzo-  
and naph thoqu inones ,  i so la ted  f rom these suspected p lan ts  and  woods  are  
respons ib le  for  con tac t  a l lergy o f  the exzematous  type. Resul ts  o f  invest igat ions  
p e r f o r m e d  with n a p h t h o q u i n o n e s  and  their  der ivat ives  have been descr ibed  in a 
p rev ious  c o m m u n i c a t i o n  [34]. The  present  p a p e r  deals  with studies on  the 
sensit izing effect o f  benzoqu inones  in re la t ion  to  their  chemical  structure.  

Materials and Methods 

1. Investigated Compounds 

The benzoquinones used in the experiments are listed in Table 1. They were synthesized or isolated from 
plants and woods : primin (I), R-3,4-dimethoxydalbergione (II), 4-methoxydalbergione (raeemat) (III), 
S-4,4'-dimethoxydalbergione (IV), mansonia quinone (mansononeA) (V), 2,6-dimethoxy-l,4- 
benzoquinone (VI) and rapanone (VII). 

Primin 

This contact allergen of the species Primula obconica Hance (primrose) has already been isolated in 
pure crystalline form from the trichomes of the leaves in 1900 by Nestler [24]. Its chemical structure was 
first elucidated by Schildknecht and co-workers in 1967 [31] who characterized it as a benzoquinone. 

Experimental studies carried out between 1936-1938 in order to cultivate a primin-free flower 
failed, but revealed that primin is one of the strongest contact allergens found in nature [21,36]. In 
contrast to the widespread opinion that primin only occurs in Primula obeonica Hance, Hausen [10] 
could demonstrate by a simple screening test that primin and related quinoid components exist in more 
than 50 species of the family of Primulaceae. Primin itself could be isolated and identified from different 
Primula species. In 1971 primin was first isolated from a member of another plant family (Mieonia sp. 
= Melastomataceae) [19]. During routine patch testing for primrose sensitivity Hjorth (1966) observed 
cross reactions to rosewood (probably Dalbergia nigra All.) in some patients [13]. 



The Sensitizing Capacity of Naturally Occurring Quinones 277 

Dalbergiones 

The chemical constitution of the various dalbergiones isolated as a new class of neoflavanoids from 
different Dalbergia and Machaerium species, was elucidated in 1965 by Ollis et al. [6, 7, 26]. Schulz and 
Dietrichs bad already found in 1962 allergic patch test reactions in some joiners and cabinet makers to 
three quinones, isolated from Brazilian rosewood (Dalbergia nigra All.) and Coccobolo (Dalbergia 
retusa Hemsl.) [32]. Based on the present knowledge it is very probable that these three quinones have 
been the racemic 4-methoxydalbergione (III), S-4'-hydroxy-4-methoxydalbergione and S-4,4'- 
dimethoxydalbergione (IV). 

During manufacturing of special high-grade furniture from Machaerium seleroxylon Tul. (Caviuna 
vermelha, Pao ferro), frequently used instead of Brazilian rosewood, employees were sensitized by the 
wood dust. Morgan et al. obtained strong test responses with R-3,4-dimethoxydalbergione (Pao ferro) 
and R-4-methoxydalbergione as well as weaker reactions with S-4-methoxydalbergione (both from 
Brazilian rosewood) [22]. 

Mansonones 

From the wood of Mansonia altissirna A. Chev. (Mansonia, B6t~) sesquiterpenic ortho-quinones have 
been isolated. This wood is used as a substitute for Walnut wood (Juglans regia L.). Sandermann and 
Dietrichs [29] have shown that the main quinone is mansonone A (Table 1). Schulz [32] as well as 
Schmidt [30] established that this quinone is responsible for contact dermatitis due to this wood species. 

2,6-Dimetho xy-  l, 4-benzoquinone 

This simple benzoquinone has already been isolated from a lot of different wood species [39]. Re- 
cently it could be isolated and identified by one of us from another 21 species of commercial value [9]. 
The only data on its sensitizing potency has been published by Hausen et al. in 197l who found patch test 
reactions in a patient allergic to Sucupira (Bowdichia nitida Benth.) [12]. 

Rapanone 

Rapanone occurs together with embelin in different species of the family of Myrsinaceae [25]. From 
the wood of Ardisia macrocarpa Wall. which is used for buildings in India amounts up to 2.6 % could 
be obtained [23]. Rapanone has anthelmintic, antimicrobial and bactericidal properties [15]. 

Sensitization Procedure 

The experiments were carried out on guinea pigs of the Pirbright white strain. Details of the sensitiza- 
tion procedure have been described in the first communication [34]. Challenge of the sensitized animals 
was performed by epicutaneous application of different concentrations of the investigated compounds. 

Results 

T h e  resul t s  a re  s u m m a r i z e d  in T a b l e  2. F i v e  o u t  o f  seven  b e n z o q u i n o n e s  r evea l ed  a 

sens i t iz ing  c a p a c i t y  in these  a n i m a l  e x p e r i m e n t s :  p r im in ,  m a n s o n o n e A ,  4- 

m e t h o x y d a l b e r g i o n e  ( r acema t ) ,  R - 3 , 4 - d i m e t h o x y d a l b e r g i o n e  a n d  S-4,4 ' -  

d i m e t h o x y d a l b e r g i o n e .  A m o n g  these  subs tances  p r i m i n  p r o v e d  to be  the  m o s t  
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Table 1. Compounds used for sensitizing experiments 

K. H. Schulz et al. 

0 
II 

H3co--O--CsH11 
II O' 

I Primin 

2-metho xy-6-pentyl- l ,4-benzoquinone 
occurrence: in Primula obconica Hance and other species of the family 

of Primulaceae [10, 24, 31], in Miconica sp. 
(Melastomataceae) [19] 

MW: 208 
orgin: isolated from Primula obconica Hance 

0 %'--. H 
H3CO II 

0 

R-5,6-dimethoxy-2 ( l'-phenylallyl)- l,4-benzoquinone 
occurrence: in Machaerium nictitans (Veil.) Benth. [26] 

in Machaerium kuhlmannii Hoehne [26] 
in Machaerium scleroxylon Tul. (Pao ferro, Caviuna 
vermelha) [7, 22] 
(Leguminosae-Papilionaceae) 

MW: 284 
origin: isolated from Machaerium scleroxylon Tul. 

II R-3,4-dimethoxydalbergione 

H3C0  H3C0  
0 0 

R -  S -  

III 4-methoxydalbergione (racemat) 

R- and S-methoxy-2 ( l'-phenylallyl) -1,4-benzoquinone 
occurrence: in various Dalbergia species [6, 7] 

in Goniorrhachis marginata Taub. [28] (Legum.-Papilionaceae) 
MW: 254 
origin: isolated from Dalbergia nigra All. and Dalbergia melanoxylon Guill. & Perr. (Grenadill) 

H3CO~ OCH3 
0 

IV S-4,4'-dimethoxydalbergione 

S-5-methoxy-[l'- (4"-methoxyphenyl)-allyl]-l,4-benzoquinone 
occurrence: in Dalbergia nigra All. [6, 7] 

(Brazilian rosewood) 
(Legum.-Papilionaceae) 

MW: 284 
origin: isolated from Dalbergia nigra All. 

H3 c 0 

. ~ _ v  "CH3 

H3C Ell3 

V Mansonone A 

1,2-dioxy-3,8-dimethyl-5-isopropyl-4,5,6,7,8-tetrahydro-naphthalene 
occurrence: in Mansonia altissima A. Chev. 

(Mansonia, B6t6) [20, 29, 37, 38] (Sterculiaceae) 
MW: 232 
origin: isolated from Mansonia altissima A. Chev. 
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0 2,6-dimethoxy-l,4-benzoquinone 
I I occurrence: in various wood and plant species [9] 

A 

H3CO--I~ "~-OC3H in Bowdiehia nitida Benth. [12, 39] 
(Sucupira) 

II (Legum.-Papilionaceae) 0 

MW: 168 
origin: synthezised from 1,2,3-trimethoxybenzol [3] 

VI 2,6-dimethoxy-p-benzoquinone 

0 
II 

HO-~'~j_--R 
" / "  "OH II 
O 

2,5-dihydroxy-6-tridecyl-l,4-benzoquinone 
occurrence: Ardisia macrocarpa Wall. [23] 

Rapanea maximowiczii Koidz. [25] (Myrsinaceae) 

MW: 366 
origin: We are indebted to Prof. Venkateswarlu, Waltair, India, for the 
supply of rapanone 

VII Rapanon (R = C13H27) 
(Embelin = R = CllHza ) 

H3C 0 H~. 
~ ] ~ : u  ~~0 

R / ~  CHa R / ' ~ ~ C H 3  
H3C CH a F,aC~.../O 

BjE Cj F 
N3 C O 

-y y-c.3 
H3C "k~'~ 0 D 

Mansonone B (R = H): 3,8-dimethyl-5-isopropyl-l,2-naphthoquinone 
Mansonone E (R = OH): 3,8-dimethyl-5-isopropyl~6-hydroxy-l,2-naphthoquinone 
Mansonone C (R = H): 3,Y,8-trimethyl-4,5-tetrahydropyrane-l,2-naphthoquinone 
Mansonone F (R = OH): 3,Y,8-trimethyl-6-hydroxy-4,5-tetrahydropyrane-l,2-naphthoquinone 
Mansonone D: 3,8-dimethyl-4,5(Y-methyldihydropyrane)-l,2-naphthoquinone 
occurrence: Mansonia altissima A. Chev. [37, 38] 

MW: 228, 232, 242, 244, 258 

origin: We are indebted to Prof. Tanaka, Tokyo, for the supply of the mansonones B - F 

effective one. Allergic reactions could still be elicited with concentrations down to 
1 /2000-1/5000molar  in 3 out of  10 guinea pigs. 

R-3,4-dimethoxydalbergione, isolated from Machaerium scleroxylon Tul. (Pao 
ferro) revealed to be a rather strong sensitizer. Recently seven severe cases of  
contact dermatitis have been observed in Norway during manufacturing of panels 
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from Moradillo. Botanical identification as well as chemical studies elucidated that 
this wood was a Machaerium species too, which contained nearly 2 % of R-3,4- 
dimethoxydalbergione (own observations). 

Something weaker was the sensitizing capacity of mansonone A, the leading 
contact allergen of Mansonia aItissima A. Chev. Besides macassar quinone, 
synthesized from the naturally occurring precursor macassar II of Diospyros 
celebica Bakh. [34] (previous communication) this is the second ortho-quinone 
which has proven to be a sensitizer. 

In contrast to these three compounds 4-methoxydalbergione and S-4,4'- 
dimethoxydalbergione, both derived from Dalbergia nigra All. (Brazilian rose- 
wood) showed a weak sensitizing potency in these tests. No sensitization could be 
induced with 2,6-dimethoxy-l,4-benzoquinone and rapanone by this method. 

Comparison of the mean responses of the 1/500 molar concentrations and the 
threshold concentration necessary for eliciting allergic reactions may serve to 
arrange the sensitizing capacity of the naturally occurring benzo- and naph- 
thoquinones studies in this and the preceding paper [34] in the following manner: 

Compound Mean response Allergic threshold 
at 1/500 molar concentrations 

(molar) 

Primin 1.85 1/2000 - 1/5000 
Deoxylapachol 1.45 1 / 1000 - 1/2000 
R-3,4-dimethoxydalbergione 1.33 1/1000 
Lapachenole 0.90 1/500 - 1 / 1000 
Mansonone A 0.16 1/500 - 1/1000 
4-Methoxydalbergione (racemat) 0.10 1/100 - 1/500 
Vitamin K3 (menadione) 0.10 1/100 -1/500 

The mean responses were evaluated according to the intensity of the reactions as described in the 
previous publication [34] 

Cross Reactions 

Cross reactivity studies were done with the mansonones. Ten animals were 
sensitized with mansononeA. Epicutaneous challenging with the other man- 
sonones B - F  provoked cross reactions in nearly all sensitized guinea pigs 
(Table 3). 

Discussion 

The results reveal some interesting aspects concerning the relation between 
structure and sensitizing effect. 

In studies with catechols from Anacardiaceae species [e.g. poison ivy; allergen 
= 3-(8-pentadecyl)-catechol], which are proposed to be enzymically oxidized to the 
corresponding ortho-benzoquinones, Dawson and co-workers [1,2, 4, 16, 17] could 
show that the sensitizing capacity increases with the length of the side-chain from 
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8 - 11 C-atoms. The optimum activity is reached at a length of 11 carbon atoms. 
With longer chains the reactivity decreased again. It has been assumed that this is 
the maximum size of the reactive site which may be calculated to be almost 16 
[27]. Baer et al. are convinced that at this value the binding energy necessary to form 
conjugates between antigens and proteins appear to be greatest [1]. Substances with 
linear side-chains proved to be better sensitizers than compounds with cyclic side- 
chains based upon the same total number of carbon atoms. Size and shape of the 
side-chains seem to play a more essential role than deviation of the aromatic part of 
the molecule. 

The lipophilic capacity increases with increasing length of the side-chain, but in 
compounds with more than 7 carbon atoms it is almost constant. Therefore this 
factor seems to be not so important. Cross-reactivity between different catechols of 
Anacardiaceae species is also dependent on chain length [18]. It has been indicated 
that the greatest degree of cross-reactivity occurs among those catechols whose 
side-chains are closest in size and length. Guinea pigs sensitized with catechols 
having a cyclic side-chain reacted to almost the same degree when challenged with 
catechols bearing linear side-chains of nearly the same total number of C-atoms. 
But in animals sensitized with catechols bearing linear side-chains cross reactions 
were only weak when tested with cyclic substituted catechols [16, 17]. Studies with 
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primin and some homologous synthetic primin derivatives with different side-chain 
lengths by Hjorth et al. [14] in primin sensitized humans revealed that shortening or 
lengthening of the side-chain had a markedly influence on the eliciting capacity of 
these compounds. The response was most intensive to primin (5 C-atoms) while 
compounds with two, three or six carbon atoms in the side-chain were less reactive. 
An optimal reactivity occurred when the alkyl chain in 6-position was opposite to 
the methoxy group in 2-position. Substitution in the 5-position appeared to 
diminish the reactivity by steric 'hindrance of the carbonyl group in position 4. 
Homologous p-benzoquinones with more than 6 carbon atoms in the side-chain 
have not yet been studied. 

According to these findings the results of our experiments may be interpreted as 
follows: 

Primin, which is in best accordance with the optimal chemical requirements 
necessary for being a strong sensitizer, has a side-chain of 5 carbon atoms attached 
in 2-position. In fact, primin proved to be the strongest sensitizer in the sensitization 
experiments on guinea pigs. Similar quinoid compounds with the same side-chain 
length but a deviated aromatic molecule or lack of opposite substitutes like 
deoxylapachol from teak or 7,~-dimethylallyl-l,4-benzoquinone from Phagnaton 
saxatile (L.) Cass. [11] showed accordingly a weaker sensitizing potency. 

The reactivity of R-3,4-dimethoxydalbergione and similar dalbergiones which 
possess a side-chain of 9 resp. 10 carbon atoms in cyclic configuration was 
sometimes lower than that of primin. This is in good accordance with the results of 
Dawson and co-workers, mentioned above [16, 17]. 
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2,6-Dimethoxy-l,4-benzoquinone has been shown to be without a sensitizing effect 
in these experiments. However, by use of other sensitization methods and higher 
concentrations this compound developed a sensitizing effect too [9]. 

It would be of interest to study the sensitizing effect ofquinoid compounds with 
side-chain lengths of 8 to 11 C-atoms, particularly with regard to the results 
obtained with catechols. Rapanone for example with an aliphatic side-chain of 
13 carbon atoms has shown to be without effect in our experiments. Other naturally 
occurring quinones with suitable length of linear side-chains have not yet been 
isolated from plants and woods [39]. But from other natural sources like cultures of 
Rhodospirillium rubrum (a phototropic anaerobic bacterium) ubiquinone pre- 
cursors have been isolated [8]. They seem to be of interest because these 
benzoquinones are equipped with a methoxy group in position 2 and a side-chain of 
varying length and configuration in 6-position. 
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Ubiquinone precursor 

The experimental results with mansonone A disclosed that this component is 
also a good sensitizer. This finding is in good accordance with clinical observations 
[29]. Cross-reactivity exists between the various mansonones A - F ;  the basis of 
which may be regarded in their close chemical relationship (Table 1). The results 
show also that para- as well as ortho-benzoquinones found in nature may act as 
sensitizers. 

From patch test results in humans sensitized with teak wood it is known that 
lapachol may elicit positive skin tests. In the present and preceding studies it could 
be demonstrated that quinones like lapachol or the synthetic dihydro- 
deoxylapachol are no primary sensitizers : they are only able to elicit cross reactions 
in guinea pigs sensitized with deoxylapachol (primary sensitizer ofteak) and primin 
(primary sensitizer of primrose). These results reinforce the assumption that 
quinones blocked at the carbon atom of the quinoid ring essential for conjugation 
with proteins may act as an elicitor but not as a primary sensitizer. 

Finally, it should be pointed out that all results are a good proof for the 
hypothesis that the sensitizing capacity of naturally occurring quinones depends on 
the quinoid structure and the length, position and configuration of their side-chain. 

Consequently it has to be stressed that there exist some relations to practical and 
clinical allergology: persons sensitive to certain exotic woods or plants containing 
quinones should avoid contact with related woods and plants. For example, a 
patient allergic to teak or rosewood should never try to cultivate primrose; or a man 
sensitized by primrose should not come into contact with dusts, shavings or the 
compact wood of teak and rosewood (e.g. wood-wind instruments, knifehandles, 
clogs) as well as other quinone containing plants. 
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