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Compounds of Quinone Structure as Allergens 
and Cancerogenic Agents 

By R.L.  MAYER1 Summit, N.J .  

1. Introduction 

The widespread use of azo-dyes as coloring agents 
for fabrics, cosmetics, and foods has recently been the 
subject of discussions regarding their innocuousness. 
BAER, MELTZER and MAYER 2, and MAYER 3 have drawn 
attention to the possibility that  azo-dyes as food 
colors may be the cause of certain persistent allergic 
skin reactions of unknown etiology and BAUER and 
KUHN a have discussed the major role that  these azo- 
dyes may play in the increased incidence of cancer. 

Certain azo-dyes and closely related aromatic amines 
and nitro compounds are powerful antigens and fre- 
quently cause a variety of persistent allergic reactions 
such as dermatitis, urticaria, and asthma. Of almost 
all the allergies of known etiology, those produced 
by these compounds have a great tendency towards 
unexpected recurrences, which may be explained by 
the fact that  they comprise a number of cross-sensi- 
tizations long considered as independent allergies, each 
of which is produced by a variety of substances of 
common use. Similarly conspicuous are the specific 
toxic manifestations produced by aromatic amines and 
nitro compounds, especially methemoglobinemia and 
disturbances in the central nervous system, which in 
certain instances constitute dangerous occupational 
hazards. 

In addition to the various forms of allergic mani- 
festations and intoxications which they engender, azo- 
dyes, aromatic amines and nitro compounds are capable 
of producing atypical cell proliferations and cancer, 
generally referred to as "aniline cancer" or "but te r  
yellow cancer". From the pathogenetic point of view, 
this cytological reaction is apparently different from 
the allergic and purely toxic reactions. 

In this review the conditions under which the al- 
lergic and cytological reactions occur after contact 
with these aromatic compounds will be discussed. 
Since the author believes, that  as in the case of 
intoxications with aromatic amines or nitro corn- 
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pounds, allergic and cytologic reactions are produced 
not by the unaltered chemicals but  by metabolites, 
certain metabolic transformations which precede the 
outbreak of the various pathologic manifestation will 
be considered. 

Until now, the formation of methemoglobin brought 
about by amino and nitro derivatives has been the most 
generally accepted indicator for their metabolic trans- 
formation into certain oxidation or reduction products 
and intermediates between amines and nitro com- 
pounds. But it has been impossible to decide which ot 
the various possible intermediates was most likely to 
occur or which was instrumental in the formation of 
methemoglobin. Indeed, the intermediate metabolic 
transformation products of aromatic amines and nitro 
compounds are unstable for they have not as yet  been 
isolated or identified with sufficient certitude. In the 
course of the studies reviewed in this article it became 
apparent  that  not only methemoglobinemia, but  also 
allergies and cytological changes may constitute ad- 
ditional useful tools for identifying the intermediates. 
In fact, allergies and cell proliferations seem to be even 
more specific reactions than the development of 
methemoglobinemia. 

2. Allergic Hypersensitivity to aromatic amines and 
nitro compounds 

Many azo-dyes, aromatic amines and nitro compounds 
are most powerful sensitizers (MAYER 5, SGHVeARTZ6). 
The most common symptoms are allergies of the skin, 
especially contact dermatitis and the so-called neuro- 
dermatitis;  a less frequent form is urticaria. Certain 
amines produce asthma, intestinal symptoms and com- 
binations of these manifestations. Of all the amines, 
p-phenylenediamine (PPD), technically known as 
"Ursol", is not only the strongest, but also the most 
versatile sensitizer; it is one of those very rare antigens 
capable of producing almost any type of allergy from 
dermatitis to asthma. Ursol allergy has therefore been 
intensively studied, clinically as well as experimentally, 
and Ursol dermatitis was among the first cutaneous 
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allergies to be produced experimentally in guinea pigs 
(MAYERL 8). Allergy produced by PPD regularly crosses 
over to that  induced by a number of other aromatic 
amines chemically related to PPD. 

3. The various groups o/allergies participating in cross- 
sensitizations to aromatic amines 

The extension of the cross-sensitization under dis- 
cussion was established by various steps. The first 
known cases of such cross-sensitization proved to  be 
sensitive simultaneously to certain aromatic amines and 
a z o - d y e s  (MAYER to) and had acquired an-allergy by 
contact with PPD, p-aminophenol, 1-4-diaminophenol, 
aniline and fabrics or furs treated with these sub- 
stances, or had been sensitized initially to certain azo- 
dyes such as aminoazobenzene, aminoazotoluene and 
their acetyl and diacetyl derivatives used for dyeing 
fabrics, leather or cosmetic preparations, or intended 
as therapeutic agents. 

A second type of cross-sensitivity to aromatic 
amines was first described in 1936 by  FLANDIN and 
co-workers ~ and later by TZANCK x° and SID111, who 
encountered patients simultaneously sensitive to 
PPD, aniline and local anesthetics derived from p- 
aminobenzoic acid (PABA), such as procaine, ortho- 
form and others. Most of these allergies were acquired 
by sensitization through the use of certain local 
anesthetics contained in therapeutic ointments; in 
rarer instances by contact with furs or hair dyed with 
PPD. 

In a third type of cross-sensitization the patient is 
hypersensitive simultaneously to local anesthetics of 
the procaine group and to sulfonamides (PrlILLIPS ~z, 
SULZBERGICR and co-workers ~ and ROGERS14).  

The fourth and last type of cross-sensitization com- 
prises cases simultaneously sensitive to aromatic 
argines and nitro compounds, as reported by TZA~CK ~° 
and  SIDI II. 

0nly  one case has been described which broadly 
embraces all the above-mentioned types and which 
can be considered as the prototype of this cross- 
sensitivity: a patient of MELTZER'S and BAER'S I~ who 
was specifically hypersensitive to PPD, aniline, azo- 
dyes, sulfonamides, picric acid, P A B A  and related 
local anesthetics (see Fig. 1). The fact that  hyper-  
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sensitivity against the entire group of substances has 
been detected in only one patient is no proof of the 
rari ty of such cases. I t  is, on the contrary, very probable 
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Fig. 1 . -  Cross-sensitization between aromatic amines, azo-dyes, 
nitro compounds, sulfonamides, and PABA. 

that  many of the previously examined cases possessed 
a broader allergic spectrum than that  disclosed by the 
limited number of tests made. 

4. Substances participating in sensitizations to aromatic 
amines and azo-dyes 

It  has been conclusively shown in the analysis of the 
various cases that  the following substances participate 
in the cross-sensitization under consideration: (a) 
aromatic amines, aminophenols, diaminophenols and 
diamines; (b) azo-dyes containing free or substituted 
aromatic amino groups; (c) certain aromatic mono- 
and poty-nitro derivatives and nitrophenols; (d) 
sulfanilamide and substituted sulfonamides; (e) PABA 
and its esters. But  not all amines and azo-dyes con- 
taining free or substituted amino groups proved to be 
allergenic to the same extent.  There is a long series of 
amines ranging from those which possess both high 
sensitizing and eliciting powers, to others which lack 
sensitizing power but are nevertheless elicitors 
(MAYErO G) and finally to amines that  are allergenically 
inactive, devoid of both sensitizing and eliciting 
activity (CALVERY17). The most important  of the 
allergenic amines are listed in Tables I, II, and III, which 
also contain examples of re la ted  non-allergenic sub- 
stances. 

All these substances share the following outstanding 
properties: (1) They contain aromatic amino groups 
which are readily oxidized, or nitro groups which are 
easily reduced; it has been established that  such sub- 
stances are metabolized within the organism and ex- 
creted to a variable extent,  in a chemically altered 
form. (2) All active substances have low molecular 
weights and are therefore, from the immunological 

in R.L.MAYER, J. Allergy e0, 159 (1949). 
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Table l I 
Azo-dyes 

243 

A 

Allergenic 

Diazoaminobenzene . . . . . . . . . . . .  
Azoxybenzene . . . . . . . . . . . . . . .  
Aminoazobenzene . . . . . . . . . . . . .  
Methylaminoazobenzene . . . . . . . . . .  
Dimethylaminoazobenzene . . . . . . . . .  
Methyl-orange . . . . . . . . . . . . . . .  
Amino-azotoluene . . . . . . . . . . . . .  
Acetylamino-azotoluene . . . . . . . . . .  
Diacetylamino-azotoluene . . . . . . . . . .  
3-Aminobenzene-azo-m-toluidine . . . . . . .  
1-Phenylazo-2-naphthylamine . . . . . . . .  
4-Acetylaminobenzene-azo-chlorophenol , . . 

Reierence 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

12 

B 

Non-allergenic 

Ben zol-azo-diphenylamine . . . . . . . . .  
Benzol-azo-resorcine . . . . . . . . . . . .  
2,4-4'-Trialninoazobenzene . . . . . . . . .  
2,4-3 '-Triamino-5 '-methylazobenzene . . . .  
4-Nitro-4'-diethylaminoazobenzene . . . . . .  

Reference 

4 
4 

12 

s t a n d p o i n t ,  " h a p t e n s "  and  thus  unab le  to  sensi t ize  as 
such. Thei r  an t i gen i c i t y  depends ,  according  to  the  
genera l ly  accep ted  theory ,  upon  the i r  a b i l i t y  to form 
complexes  wi th  "ca r r i e r s "  of high molecu la r  weight  
(LANDSTEINERlS). 

Table I 
Aromatic amines and nitro compounds 

A B 

.... Allergenic Reference Non-allergenic .... ~Ie- 

Aniline 
o-Phenylenediamine 
p-Phenylenediamine 
o-Aminophenol 
p-Aminophenol 
1,4-Diaminophenol 
2,4-Diaminophenol 
2,5-Diaminophenol 
Nitrobenzene 
Picric acid 

4 ,6 ,8 ,12  
4 
4 
4 
4 
4 
4 
4 

4 ,8 ,9 ,12  
4 ,8 ,9 ,12 

m-Phenylene- 
diamine 

2,4-Diaminototuene 
2,6-Diaminophenol 
p-Nitrobenzoic acid 
3,5-Dinitrobenzoic 

acid 

4 
4 
4 

12 

12 

The  inclusion of t he  va r ious  chemical  subs tances  
such as amines ,  n i t ro  compounds ,  su l fonamides  and  
aminobenzo ic  ac id  in to  a single al lergic e n t i t y  can 
on ly  be exp la ined  on the  basis  t h a t  t h e y  share  a com- 
mon  immunoiog ic  denomina to r .  I t  is ev iden t  t h a t  th is  
d e n o m i n a t o r  is e i ther  t he  common  amino  g r o u p -  pre-  
formed or de r ived  from n i t ro  compounds  b y  me tabo l i c  

Table 1II 
Sulfonamides and esters of PABA-producing cross-sensitivity 

A. Sulfonamides B. p-Aminobenzoie acid 
I 

Reference Substances I Reference Substances 
I 

Sulfanilamide 
Sulfaguanidine 

Sulfadiazine 
SuHapyridin e 
Saccharine 

9,10,11,12 
9,10,11,12 

9.10,11,12 
9,10,11,12 

12 

PABA 
Procaine 

Benzocaine 
Butesine 

12 
8, 9, 10, 12 

-12 
12 

18 K. LANDSTEINER, The Specificity o] Serological' Reaaion.~ 
(Cambridge, 1945). 

r e d u c t i o n - - o r  an  i n t e r m e d i a t e  me t a bo l i t e  which  is no t  
an amine .  

In  a search for the  common immunologic  p r o p e r t y  
among  the  d i f ferent  subs tances  i t  is therefore  neces-  
s a r y t o  ana lyze :  (a) the  specific an t igenic  cha rac te r  of an 
a roma t i c  amino  or n i t ro  group,  (b) the  ant igenic  charac-  
ter  of the  var ious  me tabo l i c  t r ans fo rma t ion  p roduc t s  
formed from subs tances  con ta in ing  such groups ,  and  (c) 
the  aff in i t ies  of the  a m i n o  or  n i t ro  groups  a n d  the i r  
me tabo l l t e s  for carr ier  subs tances .  

5. The  chemical groups 

respons ib le /or  the cross-sensitizations 

Certa in  subs tances  inc luded  in this  a l l e rgy  are  
" immuno log ica l l y  m o n o v a l e n t " .  T h e y  con ta in  on ly  
one ac t ive  g roup  which p rovokes  t he  fo rma t ion  of 
specific an t ibod ie s ;  such subs tances  a re :  a r o m a t i c  
amino  or a m i n o - o x y  groups  as in amines ,  amino-  
phenols ,  d iamines ,  d iaminopheno ls ,  azo-dyes ,  sulfon- 
amides ,  and  a roma t i c  n i t ro  groups.  I n  these  ins tances  
the  immunolog ica l  monova lence  can  be  so specific t h a t  
h y p e r s e n s i t i v i t y  is r e s t r i c t ed  to  the  sensi t iz ing agent ,  
or i t  on ly  ex tends  to s tereo- isomers ,  op t ica l  isomers  and  
o ther  chemica l ly  r e l a t ed  compounds  (LANDSTEINER a n d  
co-workersXg). 

In  o the r  ins tances  the  an t igens  con ta in  mu l t i p l e  
immuno log ica l ly  ac t ive  groups,  as for ins tance  in the  
case of local  anes the t i c s  de r ived  f rom P A B A ,  which 
are  composed  of a t  l eas t  t h r ee  or four  immunolog ica l ly  
active cen te r s  (ROTHMAN eL a[. 2°, SCHWARZSCHILD 21, 
LADEN a n d  RUBIN~). I t  has  been shown t h a t  only  the  
h y p e r s e n s i t i v i t y  p roduced  b y  the  aminobenzoic  ac id  
nucleus  of local  anes the t i cs  pa r t i c i pa t e s  in a cross- 
sens i t i za t ion  to  a r o m a t i c  amines .  

19 K. LANDSTEINER, The Specificity o/ Serological Reactions 
(Cambridge, 1945). 

20 S. ROTHMAN, F.J.ORLAND, and P.J.FLESCn, invest. Dermat. 
6, 191 (1945). 

al L. GcnwARZSCmLD, Arch. Dermat. und Syph, 156, 43~ (1925). 
2~ E.L. LADEN and L. RuBIrG Proc. Soc. Exp, Biol. Med. 66, 451 

(1947). 
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6. Mechanism o/action 
I. Metabolic trans/ormations o~ the antigens 

As has been pointed out above, one may assume 
that  the immunologically active component of the 
molecules of aromatic amines, azo-dyes, sulfonamides 
and PABA capable of producing the same type of 
allergic sensitization, is represented either by  a com- 
mon, preformed chemical group or by  a common meta- 
bolite. 

Since the various substances involved in this cross- 
sensitivity are aromatic amines or nitro compounds 
which are readily reduced to amines, or azo-dyes 
yielding aromatic amines upon reduction, many in- 
vestigators have considered the aromatic amino 
group, especially a primary amino group in para- 
position to the other substituents, as the actual of- 
fender, and have referred to this allergy as "a  cross- 

sensitization to primary aromatic amino groups" 
(FLANDIN a n d  c o - w o r k e r s  2s, TZ,~NCK 24, SID125, N I T T I  

and co-workers 2~, BAER*7). 
If this explanation were correct, then all or the 

majority of aromatic amines, particularly compounds 
having an aromatic amine in the para-position, should 
participate in this form of allergy. But tests with a 
great variety of amines and azo-dyes have shown that  
numerous substances do not elicit allergic reactions in 
patients sensitive to PPD, aniline, or azo-dyes (see 
Tables I, II ,  and III).  The conclusion must therefore be 
drawn that  the unaltered primary amino group as such 
cannot be the directly responsible factor in this sensi- 
tization. Furthermore,  such an explanation would not 
necessarily explain the inclusion of certain nitro com- 
pounds in this type of cross-sensitization. 

The second approach in quest of a common immuno- 
logical property is the consideration of an inter- 
mediate metabolic transformation of the original 
antigen. 

The animal organism can attack chemically all sub- 
stances involved in this cross-sensitization and excrete 
them (I) coupled to an organic or inorganic acid or (II) 
in either an oxidized or reduced form. Aromatic amines 
undergo two major metabolic transformations: (1) 
coupling with acids to form acetyl derivatives, ethereal 
sulfates or glucuronides, and (2) oxidation (STEvEN- 
SOIg et al.~; lit. s e e  V~rlLLIAMS29). 

Whereas acetylation and the formation of glucu- 
ronides and ethereal sulfates lead to a detoxification of 
otherwise toxic substances, the oxidation of aromatic 

23 C. FLANDIN, H. RABEAU, and Mlle UKRAINCZYK, Ancsth. et 
Anatg. 3, 102 (1937) ; Bull. Soc. fran~. Dermat.  Syph. ~ ,  1869 (1938). 

24 B.H.TzAscK, Accidents cutands etc. (Arnette, Paris 1945). 
26 E. SmI, Les accidents cutands etc. (M6dicales Flammarion, 

Paris 1945). 
~s F.NITTL D.BOVET, and F. DEPIE~RE, Rev. Immunol .  3, 376 

(1937). 
27 R.L.BA~R, Arch. Dcrmat.  Syph. 58, 276 (1948). 
28 E. S. STEVENSON, a .  DOBRINER, and C. P. RHOADS, Cancer 

Research 2, 160 (1942). 
zo T.W~LLIAMS, Detoxication Mechanisms (London, 1947). 

amines, on the contrary, is the prototype of an auto- 
intoxication. 

Closely related to the oxidation of aromatic amines 
is the reduction of aromatic nitro compounds to amines 
and oxyamines (I-'~EYER 30, N E U B E R G  '31 et al:, CHANNON 
et al .  32, LANDSTEINER and DI SOMMA33; lit. see W I L -  

LIAMS~4). 

The oxidation of aromatic amines and the reduction 
of nitro compounds probably occur in several steps. 
Possible intermediates are phenylhydroxylamines, 
nitroso compounds, compounds of quinone structure 
and azoxy derivatives. The formation of methemo- 
globin by  aromatic amines and nitro compounds is 
explained by HEUBNER et al. an, ELLINGER 36 and WIL- 
IIAMS 34 on the basis of the high oxidizing power of these 
intermediate oxidation products; but it is almost impos- 
sible to decide whether the principal intermediate is a 
nitroso derivative, a hydroxylamine, a quinone, or a 
quinone imine. In accordance with this view, RIM- 
INGTON and HEMMINGS 37 formulate the general 
hypothesis that  the chemical grouping necessary for 
methemoglobin formation is an aromatic amino 
group, unsubstituted or potentially free, which is 
capable of undergoing oxidation with the resulting 
formation of a hydroxylamine derivative or a revers- 
ible oxidizing system such as p- or o-quinone imine. By 
actual chemical isolation ELLINGER 3s has identified 
tolyl hydroxylamine as a metabotite of aminototuene, 
but  WILLIAMS 34 has questioned the correctness of this 
identification. Since no phenylhydroxylamine as such 
appears in the urine, it  is probable that  if it is formed 
it is rearranged to aminophenol before excretion. 

Oxidation of ingested PPD by living cells seemingly 
does not produce a hydroxylamine. According to 
ERDMANN a n d V A H L E N  3s, a n d  H E U B N E R  a n d  MEIERas ,  i t  

is oxidized directly into quinone diimine, which in turn 
produces the methemoglobinemia. 

The biological degradation of azo-dyes is more 
complicated. Living cells are capable of reducing these 
substances, using the -N----N- bond as a hydrogen 
acceptor and thus splitting the molecule to furnish two 
aromatic amines. Besides the reductive breakdown of 
the azo linkage, other metabolic modifications of the 
azo compound are conceivable, such as formation of 
hydrazobenzene or oxyazobenzene. 

a0 E.MEvER, Z. Physiol. Chem. 46, 497 (1905). 
st C. NEuBERG and E.VVELDE, Biochem. Z. 67, 18 (1914). 
s2 H.J.CHANNON, G.T.MILLS, and R.T.WItJ.XAMS, Bioehem. J. 

ss, 70 (1944). 
33 K.LANDSTEINER and A.A. nI SOMMA, J. Exper. Med. 7. °, 361 

(1940). 
34 T.¥VlLLXAMS, Detoxication Mechanisms (London, 1947). 
35 W.HEuB~ER, Arch. exper. Path.  Pharmakol.  72, 239 (1929). 

-~V.  HEUBNER and H. RHODE, Arch. exper. Path.  Pharmakol. 
100, 117 (1923). - W.t-I~uu~ER and R. ME1ER, Arch. cxper. Path. 
Pharmakol. 100, 137 (1923). 

a6 P.ELLINCEa, Z. physiol. Chem. 111, 186 (19~20). 
3~ C.RI~tlNGrO~ and A.X¥.HEMMXNGS, Biochem. J. 33, 960 (1939). 
38 E. ERDMANN andE.VA~tLE~¢, Arch. exper. Path.  Pharmakol. 53, 

401 (1906). 
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The mechanism of the metabolic splitting of the 
-N---N- group was first described by  the author in 1928 
(MAYERag), in the case of aminoazobenzene. 

In 1936 TR£FOUi~L and co-workers 4° described the 
same reaction in the case of Prontosil and thus dis- 
covered the chemotherapeutic action of the liberated 
sulfanilamide. STEVENSON and co-workers t l  in 1942 
detected PPD in the urine after feeding butter  yellow. 

The metabolic transformation of sul/onamides is as 
yet little understood. As in the case of other amines, 
acetylation of variable extent  is the most common and 
regular metabolic change. 

When in 1937 the author formulated the theory 
tttat sulfanilamide undergoes metabolic oxidation to 
hydroxylamino-sulfanilamide (MAYER 4~, MAYER and 
0ECHSLIS ~a, MAYER44), many discussions arose regard- 
ing the possible metabolic oxidation of sulfonamides and 
the role of their oxidation products with respect to tox- 
icity and activity. I t  was indeed postulated that  these 
oxidation products were responsible for methemoglo- 
binemia. 

Various objections to the hydroxyiamine theory 
have been formulated. \V1LLIAMS 45 has isolated 3- 
hydroxy sulfonamides from urine after ingestion of 
sulfanilamide and substituted products such as sulfa- 
pyridine and sulfathiazole and considers 3-hydroxy 
sulfonamide as the actual and only oxidation product 
of sulfonamides. This view does not  seem to be correct. 
Just  as aminophenols in their unchanged chemical 
state are unable to form methemoglobin, 3-hydroxy 
sulfonamide similarly cannot produce methemoglobin- 
emir without previous oxidation. I t  may  thus be con- 
cluded that ,  as in the case of the other aromatic 
amines, the formation of an intermediate labile oxid- 
ation product from sulfanilamide is inescapable; the 
detection of 3-hydroxy sulfonamide in the urine after 
ingestion of sulfonamide may well constitute proof in 
favor of the hydroxylamine theory of the sulfonamide 
oxidation (see also ROSENTHALand BAUER4~), WOODS'S 4~ 
theory seemed to replace the hydroxylamine theory 
with a more suitable explanation regarding the 
mechanism of action of sulfonamides. The question 
arises whether the "hydroxytamine theory"  of sutfon- 
amides is incompatible with WOODS'S theory. In our 
opinion, as well as in that  of DANN and M6LLER'S ~s, it 

as R.L.MAvEg, Arch. Dermatol. Syph. 156, 331 (1928). 
40 J.TR~FOURL, Mme J. TR]~FOUi~L, F. NITTI, and D. BOVET, C. 

R. Soc. Biol. 120, 756 (1936). 
41 E. S. STEVENSON, K. DOBRINER, and C.P. RHOADS, Cancer 

Research 2, 160 (1942). 
42 R.L.MAYER, Bull. Acad. M~d., Paris 117, 7~27 (1937). 
43 R.L.MAYER and C. OECHSLI~, C. R. Soc. Biol. 130, 211 (1939). 
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is conceivable that  the metabolically formed oxidation 
products of sulfonamides and PABA, rather than the 
original amino compounds, compete with each other. 

The very fact tha t  sulfonamides participate as 
active members in a cross-sensitization in which (I) the 
other participants are PPD and other amines, nitro 
compounds, aminobenzoic acid, etc. and in which (II) 
the active antigen is a metabolite formed from PPD and 
other amines by partial oxidation or from nitro com- 
pounds by partial reduction, adds considerable weight 
to the "oxidation theory" of sulfonamides. 

Very little is known regarding the metabolic 
changes of PABA and its esters. A considerable portion 
is excreted after acetylation or after formation of 
glucuronides upon previous oxidation of the acid or 
the hydrolysis of its esters. However, the fact that  
PABA participates on the same level as sulfonamides, 
PPD and other amines in an allergic cross-reaction 
indicates that  its metabolic transformations are 
similar to those which were discussed in the case of 
sulfonamides. 

• In recent studies on the biological transformation of 
PABA by microorganisms, yellow pigments formed 
from PABA and its esters and from p-aminosalicylic 
acid (PAS) by actively growing mycobacteria were 
observed which very likely are N-oxidation products of 
PABA and PAS (MAYER49). In unpublished experi- 
ments, SLOANE and MAYER were able to demonstrate 
the occurrence of aniline and aminophenol during this 
reaction. 

7. Mechanism o] action 
II. The possible rote o/hydroxylamines and quinone 

compounds in the immunologic process 
~Ve are thus faced with two different metabolic 

reactions by which an immunologically identical inter- 
mediate can be formed from aromatic amines, azo- 
dyes, and nitro derivatives and which may explain 
their common sensitizing power: either (1) coupling 
with acids, namely formation of acetyl derivatives, 
glucuronides, ethereal sulfates, or (2) the formation of 
various oxidation and reduction products. Which of 
these metabolites constitutes the direct antigen ? 

Whether  a substance can be considered as the 
causative agent for a given allergy is determined 
either by  serological tests (LANDSTEINER 5°) or, in the 
case of the contact dermatitis type, by direct skin test. 
In this case the chemical, applied in appropriate con- 
centrations to the skin of an allergic animal or indi- 
vidual, will produce an inflammation if it constitutes 
the sensitizing agent. This test was employed in the 
following experiments. 

49 R.L.~vIAYER, Science 98, 203 (1943j; J.  Bact. 48, 337 (1944); 
J. Bact. ~8, 93 (1944); Nature, 165, 37 (1950). 

50 K. LAND$TEINER, The Specificity o/ Serological Reactions 
(Cambridge, 1945). 
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(a) Tests with coupling products 

If the directly active, metabolic transformation 
product were a coupling product such as acetyl amino 
derivatives, one would expect that it would produce 
stronger skin reactions than the non-acetylated, free 
amines. Skin tests performed with acetyl or diacetyl 
derivatives of various aromatic amines and azo-dyes 
on humans or animals sensitive to the free amines 
have never produced stronger reactions, but rather 
regularly weaker reactions than the unsubstituted 
amines (MAYER51). From these results it is concluded 
that this prototype of metabolite does not constitute 
the direct active antigen and common immunologic 
property. 

(b) Shin tests with intermediate trans/ormation products 
o] azo-compounds 

Skin tests with hydrazobenzene, oxyazobenzene and 
2-4-diaminoazobenzene on PPD-sensitive patients 
were negative; this has therefore led to the conclusion 
that no partially reduced or oxidized azo compound of 
the above-mentioned constitution acts as the common 
offender in a cross-sensitization in which PPD partici- 
pates (MAYERS~). 

As shown in the preceding section, hydroxylamines 
and compounds of quinone structure are probable 
intermediates formed from various aromatic amines, 
both groups of substances being very similar from a 
toxicological standpoint: they are highly reactive and 
capable of rapidly transforming hemoglobin into 
methemoglobin. But the fact that these substances 
have the same pharmacological and toxicological 
activities does not permit any conclusion as to whether 
both are involved in this cross-sensitization. On the 
contrary, pharmacological activity depends upon 
mechanisms quite different from those invoIving 
immunological activity (DOERR53). 

Table I V 

Skin tests with various possible metabolites of aromatic amines on 
patients sensitive to aromatic atnines {MAYER 5~, ~).  

p -Phenylenediamine  . . . . . .  
A m i n o - a z o b e n z e n e  . . . . . . .  
Pheny lhydroxy lamine  . . . . .  
Toly lhydroxylamine  . . . . . .  
Azoxybenzene . . . . . . . . .  
Quinone-diimine . . . . . . . .  
Quinone-dichlorimine . . . . . .  
Bandrowski ' s  base . . . . . . .  
Benzoquinone . . . . . . . . .  

+ + + +  

+ + + ÷  

0 
0 
0 

+ + + + + + 

+ + + + + +  

+ + + +  

+ +  

In order to identify the chemical nature of the actual 
antigen and decide the question as to whether hydroxyl- 

~l R.L.MAYER, Arch. DermatoI. Syph. 16~, 223 (1981}. 
~ R.L. MAvER, Arch. Dermatol. Syph. 163, ~23 (1931). 
53 R.DoE~R, Arch. Dermat. Syph. 151, 7 (1929). 
5l R. L. MAYER, Klin, Wschr. 1, 2. Hiilfte 1958 (1928); Arch. 

Dermatol. Syph, la8,  266 (1939). 

amines, compounds of quinone structure, or both 
represent the common denominator in this cross- 
sensitization, tile skin reactivity of individuals and 
animals sensitive to PPD and azo-dyes was tested with 
phenylhydroxylamines, tolylhydroxylamine, azoxy- 
benzene, quinone diimine, quinone dichlorimine, 
Bandrowski's base and benzoquinone. The results ob- 
tained are shown in Table IV. 

Positive reactions were elicited by quinone diimine, 
quinone dichlorimine, Bandrowski's base (an oxidation 
product of PPD inadequately defined chemically and 
tong considered as being a non-irritant end-product of 
the oxidation of PPD) and benzoquinone. Negative 
reactions were obtained with the two hydroxylamine 
derivatives and azoxybenzene. The negative results 
obtained with phenyl~ and tolyl-hydroxylamine 
strongly suggested that an oxidation of aromatic 
amines to hydroxylamines or azoxy derivatives was 
not associated with the antigenic properties of the 
substances under discussion, although it is supposed 
to play a major role in the case of methemoglobin 
formation. 

The skin-reactions produced by quinone diimlne and 
quinone dichlorimine, on the contrary, were extremely 
severe and many times stronger and more persistent 
than those observed after tests with identical amounts 
of PPD and aminoazobenzene. Thus the conclusion 
seems justified that the directly active substances 
responsible for the allergic cross-sensitization between 
PPD and azo-dyes are compounds of quinone structure, 
particularly quinone diimine. 

The inclusion o/sul[onamides and PA BA in a cross- 
sensitization in which compounds of quinone structure 
are likely to represent the actual antigens indicates 
the direction of further investigations on the meta- 
bolic fate of these two substances. It is Very probable 
that certain oxidation products such as compounds of 
quinone structure are formed when sulfonamides as 
well as PABA are ingested either after previous forma- 
tion of hydroxylamines or by direct oxidation. 

The fact that these postulated intermediates have not 
been found thus far constitutes no proof that they do 
not exist. Since immune reactions can be produced by 
extremely small and chemically undetectable amounts 
of antigen, the amounts of an tigenically active ox.idation 
products formed in the body may be too small to elicit 
recognizable toxic symptoms, although they are large 
enough to produce sensitization and allergic manifest- 
ations. 

It must be realized that the present study concerns 
itself only with the role of compounds of quinone 
structure in allergy. These experiments do not consti- 
tute any direct evidence that compounds with a 
quinone structure are responsible, for instance, for the 
chemotherapeutic activity of sulfonamides or PABA. 

In Fig. 2 an attempt is made to correlate the meta- 
bolic chemical transformation of the various aromatic 
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amines, which may explain their antigenic nature and 
their participation in a cross-sensitization. 

PRECURSORS I, , , I I '>'~=R~">~T==i I<>'R'=~" A"~'o==~I 
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N N NH NH~ 
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Fig. 2. 

8. Mechanism of action 
I I I .  Transiormation o~ the metabolically /ormed sub- 

stances into complete antigens 

Compounds of low molecular weight are incomplete 
antigens or "haptens"; they are unable to sensitize 
unless attached to a carrier of high molecular weight. 
Only then do they acquire full antigenicity (KLoP- 
STOCK and SELTER 55, LANDSTEINER 56, H E I D E L B E R G E R  

and K~NDAI-I~5?). The metabolic transformation prod- 
ucts of PPD, azo-dyes and other substances into com- 
pounds with a quinone structure are still incomplete 
antigens or "haptens", as are the amines, azo-dyes, or 
nitro compounds from which they are derived The 
question thus arises as to how they become attached to 
a carrier. 

55 A. KLOPSTOCK and G.E,S~LT~R, Z. Immunit~tsforsch. exper. 
Therap. 65, 118 (1938). 

S6 K. LANDSTEINER, Z. Immunit~tsforsch. exper. Therap. fig, 
128 (1939). 

67 M.HEIDELBERGER and F.E.  KENDALL, Proc. Soc. Exp. Biol. 
and Med. 2a, 482 (1929). 

Quinone compounds possess great chemical avidity 
for combining with a variety of substances (PoSNER 58, 
FISCHER and SCHRADER 59, MARTYNOFF and TSATSAS6°), 

such as aniline, amines, sulfhydryl compounds, amino 
acids, alcohols, and many others, according to the 
following reactions :- 

O OH O 
/ 1 / 

+ 2 H x  / % - x  + o - x  

X--\~/! J ~ X (~+HaO 
If i -Y 
0 OH 0 

I11 this process the quinone is converted to hydro- 
quinone but can be subsequently re-oxidized to a sub- 
stituted quinone. The polymerization of these sub- 
stituted quinones finally leads to compounds of high 
molecular weight. 

Proteins are among the various body constituents 
most readily attached to quinones (SUIDA et al.61). 
Quinone imines and quinone diimines behave in this 
respect like benzoquinones and their affinity for 
various proteins such as animal cells, serum, etc. is 
especially apparent since the polymerization products 
resulting from this combination are intensely colored. 
Very conspicuous is the formation of almost black 
combination products of quinone diimine with SH- 
containing proteins, particularly keratin, a reaction 
which has become of great practical importance in the 
wide use of PPD and other amines and of their oxi- 
dation products, as fur and hair dyes. 

The combination of quinones, quinone imines, or 
quinone diimines with proteins is very rapid. It is this 
avidity for protein carriers which, in my opinion, not 
only enables this group of substances to act as sensi- 
fizers, but also explains the great power to sensitize. 

9. The role o~ compounds o/ quinone structure in the 
cytologic changes /ollowing absorption o] aromatic 

amines 
In addition to methemoglobin formation and allergic 

sensitization, certain aromatic amines, azo-dyes and 
quinones possess another apparently specific biological 
property: they can produce atypical epithelial pro- 
liferations and in some instances malignant growth. 
The conditions under which these cytological changes 
occur are indicative of similar metabolic oxidations 
and transformations to compounds of quinone struc- 
ture, as disclosed in the case of allergy (cancer of the 

58 T. PosNER, I ieb igs  Ann. Ch. 336, 84 (1904}. 
59 E.FlsciIER aixd H. SCHRADER, Bcr, Dtsch. Chem. Ges. 43, 525 

(191o). 
6o M.MARTYNOFF and G. TsATSAS, Bull. Soc. Ch., France, 1947, 

p. 52. 
el H. SuID~. and W. SuIDA, Liebigs Ann. Ch. 416, 113 (1918). 

Hoppe Scylers physiol. Cheufie 86, 308 (1913). 
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bladder, oviduct, hepatoma, sarcoma, etc.) (FISCHER 62, 
R E H N  e3, H U E P E R  64, YAMAGIWA a n d  OHNO 65, SASAKI 

a n d  YOSHIDA 66, KINOSITA s~, RHOADS es, K I R B Y  a n d  

PEACOCK 69, HAEREMT0).  

In a previous study (MAYER ~x) the metabolic changes 
of various amines and azo-dyes which accompany or 
precede this cytologic action have been studied and it 
was found that the same conditions that are decisive 
for development of their antigenic nature also determ- 
ine their action upon epithelial cells. Atypical growth 
induced by aromatic amines is dependent upon the 
formation of compounds of quinone structure from 
the amines or azo-dyes after destruction of the azo 
linkage and upon the ability of the quinone compound 
thus formed to combine with cell components (MAYER 71) 

Indeed, (1) aromatic amines capable of producing 
atypical epithelial proliferations are antigenic; con- 
versely those that are incapable of producing cell 
proliferation cannot induce allergic symptoms; (2) 
2,5-diaminotoluene, which is a strong sensitizer, also 
produced considerable atypical epithelial reactions 
whereas 2,5-diamino-l,4-xylene, immunologically in- 
different in cases of PPD sensitization, was incapable 
of producing precancerous growth (see Table V). 

Table V 
Substances tested for allergenic and cell proliferative properties 

(MAYER 71) 

p - P h e n y l e n e d i a m i n e  
m - P h e n y l e n e d i a m i n e  
2 - 5 - D i a m i n o t o l u e n e  
2 -5  -Diamino-1 -4 -xy lo l  
Nigros ine  
B e n z o l a z o d i p h e n y l a m i n e  
D i a c e t y l  a m i n o a z o b e n z e n e  . . . .  
A m i n o a z o b e n z o l - 2 - n a p h t h y l a m i n e  

Alle~ 
EpitheliM 

gY proliferations 

+ + +  + + +  
0 0 

+ + +  + + +  
o (0) 
0 0 
0 (o) 

+ + +  + + +  
+ + +  + + +  

In spite of this basic similarity in the metabolic 
reactions leading to the two types of reactions, there 
is apparently an important difference between the 
immunological and cytological activities of the com- 
pounds of quinone structure: the "carriers" with 
which they combine seem to be different in the two 

6~ B. FISCHER, Mfinch. reed. Wschr.  53, 2041 (1906); Frankfurt ,  
Z. Pathol. 27, 98 (1922). 

ea REHN, Arch. Klin. Chir. 50, 588 (1895). 
6t W.HUEPER, J. Indust .  Hyg.  and Toxicol. 20, 46 (1938). 
65 YAMAGIWA and OHNO, Jap.  Z. Krebsf. 12, 00 (1918). 
e6 F. SASAKI and T.YOSHIDA, Virchows Arch. path.  Anat.  295, 

175 (1935). 
67 R. KINOSITA, Trans. Japan.  Path.  Soc. 27, 665 (1937). 
66 C.P. RHOADS, Bull. New York Acad. Med. 18, 53 (1942). 
66 A.H.M. KtRBY and P.P.  PEACOCK, J. Path.  and Bact. 59, 1 

(1947). 
T0 A.T.HAEREM, Proc. Soc. Exp. Biol. and Med. 45, 536 (1940); 

68, 380 (1948). 
TX R.L.MAY~R, Arch. Gewerbepath. Gewerbehyg. 1, 436 (1930). 

instances. It is known from LANDSTEINER'S  experi- 
ments that in an allergic reaction the chemical nature 
of the carrier is irrelevant; identical sensitizations in 
in vitro immune reactions can be produced by haptens 
fixed to very different foreign or body proteins. But in 
the case of cell proliferation the chemical nature 
and physiological role of the "carrier" to which 
the quinone compound becomes fixed seems of great- 
est importance, e.g. fixation of the active principle 
to certain constituents of the cell nucleus seems to 
be necessary for the development of the reaction. 
There are many indications that atypical cell growth 
is caused by disturbances in the nuclear organization 
of the cell. 

10. Reaction between compounds o/ quinone structure 
and nuclear material 

It has been known for a long time that aromatic 
diamines, especially PPD and its di- and tetramethyl 
derivatives, specifically stain cell nuclei (WuRSTER 7~, 
UNNA73). The color develops slowly and is apparently 
dependent upon an oxidation of the staining material. 
This reaction is explained by the fact that quinone 
rapidly combines with purified desoxyribonucleo- 
proteid, or with organized nucleoproteids such as 
crystalline tobacco mosaic virus :4. 

Like the viruses, chromosomes contain pure nucleo- 
proteids of different constitution, especially desoxy- 
ribonucleoproteid. Therefore chromosomes of the saliv- 
ary glands of Drosophila robusta are progressively and 
specifically stained by aqueous solutions of quinone 
diimine. During this reaction the characteristic chromo- 
some bands take on a purplish-brown to almost black 
color, whereas the protoplasm remains uncolored 
(MAYER75),  a s  seen in Fig. 3. 

Since disturbances in the structure and behavior of 
chromosomes are considered to be the principal causes 
of atypical cell proliferation and cancer, this affinity 
of quinone diimine for chromosomes may therefore 
constitute an important factor in the action of certain 
aromatic amines and azo-dyes on atypical cell growth. 

The question obviously arises as to whether a form- 
ation of compounds of quinone structure and their 
fixation to nuclear material as a probable cause of 
atypical epithelial proliferation and subsequent malig- 
nancy are restricted to the metabolites of aromatic 
amines and azo-dyes, or whether a similar process can 
occur with other cancerogenic substances such as 
phenols, naphthyl derivatives, hydrocarbons, methyl- 
cholanthrene and steroid hormones. This is quite pos- 

72 C. WURSTER, Ber. Dtsch.  Chem. Ges. 19, 3195, 1886; 20, 256 
(1887). 

7a p.G.UNNA, Mh, prakt.  Dermat.  6, 243 (1887). 
~a We are indebted to Drs. STANLEY and MALKIEL, Rockefeller 

Insti tute,  Princeton, for supplying the tobacco mosaic virus used in 
this study.  

75 R.L.MAYER, Proc. Soc. Exp. Biol. and IVied. 68, 664 (1948). 
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their respective metabolites. In this way the allergic 
reaction may serve as a basis for the detection of bio- 
chemical relationships in the same capacity as do the 
genetical particularities of Neurospora (BEADLE and 
TATUM84, 85) or the biochemical reactions of bacterial 
enzymes, as shown by STANIER se. The question as to 
the metabolic formation of a hydroxylamino sulfon- 
amide or similar compound with subsequent oxidation 
into a quinone imino sulfonamide or its direct form- 
ation requires serious consideration. Such a transform- 
ation, previously discussed in connection with toxico- 
logic and chemotherapeutic phenomena, is now again 
postulated from the immunological behavior of sulfon- 
amides. Intimately associated with the question of 
sulfonamide metabolites is that of the still unknown 
constitution of biologically active transformation pro- 
ducts of PABA. 

F i g . -  3. Chromosomes of the salivary gland of Drosophila robusta, 
stained with quinone diimine (MAYERTS). 

sible, for it is known that many of these cancerogens 
are metabolically oxidized to dihydroxy derivatives 
and quinones and their metabolic behavior is in many 
respects similar to that of aromatic amines (BOYLAND 
and co-workers ~, CASON and FIESER ~s, DOBRINER et 
a i r  9, W E I G E R T  s°,  B E R E N B L U M  e~ al. sl, B OYL AND and 
LEVlB~). Benzoquinone, for instance, has a specific 
affinity to nuclear material and its cancerogenic pro- 
perties have been described by TAKIZAWA s3. 

11. The allergic and cytologic reactions as a biological 
tes t /or  metabolic intermediates 

It is obvious that the high specificity of the im- 
munological and cytological reactions can serve as a 
biochemical tool which permits more precise chemical 
characterization of unknown metabolites than do other 
biological, especially toxicological reactions such as 
development of methemoglobinemia. The inclusion of 
sulfonamides and derivatives of PABA in an immuno- 
logical system based upon the presence of intermediate 
oxidation products of quinone structure is the first ex- 
ample of its practical usefulness. Indeed, the positive 
allergic reactions produced by sulfonamides and PABA 
in individuals specifically sensitive to aromatic amines 
prove that chemical similarities must exist between 

76 R.L.MAYER, Arch. Gewerbepath. Gewerbehyg. 1, 436 (1930). 
77 E. BOYLAND, A.A. LEVI, E .H.  MAWSOr~, and E. RoE, Biochem. 

J. 35, 184 (1941). 
7s J.CAsoN and L.F.FIEsER, J. Amer. Chem. Soe. 62, 2681 (1946). 
79 K.DoBaIN~R, C.P. RHOADS~ and G.I. LAvIN, Proc. Soc. Exp. 

Biol. and Med. 41, 67 (1939). 
so F.WEIGERT, Nature 155, 479 (1945). 
st I. BERENBLVM and R. SCHOENTAL, Cancer Res. 3, 145, 688 

(1943). 
s2 E. BOYLAND and A.A. LEvl, Biochem. J. 29, 2677 (1935); 

no, 728, 1225 (1936). 
03 N.TAKIZAWA, Proc. Imperial Academy of Japan  16, 309 (1940). 

12. Conclusion 

The "cross-sensitization to compounds of quinone 
structure" is an allergy produced by a large group of 
various aromatic compounds: aromatic amines and 
nitro derivatives, certain azo-dyes, sulfonamides, p- 
aminobenzoic acid and its derivatives, and in some 
instances to certain polyphenols. 

Experimental sensitizations of animals and testing 
of allergic individuals strongly suggest that the com- 
mon property of the various chemical substances in- 
volved in this special group of allergies is represented 
by the metabolic formation of oxidation or reduction 
products, most likely compounds of quinone structure. 
It is suggested that these metabolites, rather than the 
original amines, nitro compounds, azo-dyes, sulfon- 
amides or PABA derivatives represent the direct, 
active antigens. The high affinity of these metabolites 
for proteins, together with certain still unknown 
specific properties of quinone compounds and related 
substances, explain the particularly high sensitizing 
power of the antigens involved in this allergy. 

It is likely that several members of this same group 
of substances are able to produce atypical epithelial 
proliferations and malignant growth through a similar 
mechanism; the metabolic transformation products 
and not the original, unaltered amines and the strong 
affinity of the quinoid metabolites for nuclear material, 
especially chromosomes, appear to be the cause of the 
cytological changes. 

Zusammen]assung 
Gewisse aromatische Amine, Diamine und Nitro- 

verbindungen, Aminophenole und amidierte Azofarb- 
stoffe sind starke Allergene und verursachen hgufig 
allergische Oberempfindlichkeitsreaktionen, wie Der- 

sa G.W. BEADLE and E. L.TATUM, Amer. J. Botany 32, 678 (1945). 
ss E.L.TATuM, Cold Spring Harbor Symposia Quant.  Biol. 11, 

27s (1946). 
8S R. STANIER, 49th Meeting Soc. Amer. Bact., Cincinnati, 1949. 
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matitis, Konj unktivitis, Urtikaria, Asthma. Die Atlergien, 
welche durch diese verschiedenen Substanzen hervorge- 
rufen werden, sind yon dem Autor als ~¢Gruppeniiber- 
empfindlichkeit gegen K6rper von Chinonstruktur~ zu- 
sammengefaBt, well die eigentlichen und direkten Anti- 
gone nicht die Amine oder Nitrok6rper als solche, son- 
dern Chinonk6rper sind, entstanden durch die Oxydation 
der Amine im intermediiiren StoffwechseL 

Es hat sich gezeigt, dmI3 in vielen F~llen yon Uber- 
empfindtichkeit gegen Paraphenylendiamine auch Sul- 
fonamide und Paraaminobenzoesiiure als spezifisehe 
Antigene wirken und Hautfiberempfindlichkeitserschei- 
nungen hervorrufen. Es muB daher angenommen werden, 
dab auch Sulfonamide und Paraaminobenzoes~iure im 
Stoffwechsel in Chinonk6rper umgewandelt werden 
kSnnen. In der Tat konnte die Bildung derartiger meta- 
bolischer Oxydationsprodukte unter verschiedenen Ver- 
suchsbedingungen wahrscheinlich gemacht werden. 

Alle hier genannten chemischen Substanzen sind selbst 
nach oxydativer Umwandlung in Chinonk6rper unvoll- 
st/indige Antigene. sogenannte Haptene. Nach Vet- 

bindung mit hochmolekularen ,~Schleppersubstanzen~ 
werden Haptene in Votlantigene umgewandelt. Die 
ChinonkOrper haben eine sehr grebe Affinit/it zu ver- 
schiedenen hochmolekularen Bestandteilen des tierischen 
Organismus, wie z. B. t~olypeptide, Proteine, Lipoide, 
usw., die bekanntlich als Schlepper wirken k6nnen. 
Durch chemische Verbindung der Chinonk6rper mit 
diesen K6rperbestandteiten und nachfolgender Poly- 
merisation der Verbindungsprodukte, z. B. yon Chinon] 
EiweiB-Verbindungen, entstehen Vollantigene. 

Es ist bekannt, daft eine grebe Anzahl der gleichen 
Amine und Azofarbstoffe Krebserzeuger sind (Anilin- 
krebs, Buttergelbkrebs), und fast alle aromatischen 
Amine k6nnen atypische epitheliale Wucherungen her- 
vorrufen. Wie im Falle der sensibilisierenden Wirkung 
ist die Erzeugung atypischer epithelialer Wucherungen 
v o n d e r  metabolischen Umwandlung der Amine und 
Azo-Farbstoffe in ChinonkOrper abh/~ngig. In diesem Falle 
jedoch scheint die Affinit/~t der Chinonk6rper zu den 
Nukleoproteiden der Chromosomen yon ausschlaggeben- 
der Bedeutung zu sein. 

Die Paliioneurologie am Beginn einer neuen Phase 
Yon TILLY EDINGER, Cambridge, Mass., USA. ~ 

<~F oss i l e  G e h i r n e  ~> 

Wie man lange Zeit nach bestem Wissen sagen 
konnte <~L'homme fossile n'existe pas~>, so muB man 
heute gestehen : Fossile Gehirne gibt es nicht. Mumifi- 
ziert und geschrumpft in trockenem Klima oder ge- 
gerbt und verquollen im Moo*r hat  sich Gehirnsubstanz 
jahrtausendelang erhalten. Fossilisation ist demnach 
m6glich. Aber alles, was gelegentlich als versteinertes 
Gehirn beschrieben worden ist, war entweder l u s u s  

n a t u r a e  oder die gehirnf6rmige Steinausftillung einer 
fossilen Sch~tdelh6hle, deren lebendiger Inhalt schon 
verwest war, als der Schlamm oder Sand eindrang, 
der sp~tter zu Stein erh/irtete. Solche Steinkerne oder 
auch k/instliche Sch/~delh6hlenausgfisse meinen wir, 
wenn wit leichthin yon fossilen Gehirnen sprechen. In 
fossilen Sch/ideln erhielt sich zwar keine so oder so ver- 
~tnderte Gehirnsubstanz, unver~ndert aber die Form 
der Vorzeitgehirne - dadurch dab es ja einst das le- 
bende Gehirn war, das der Innenseite der Sch~del- 
kapsel ihre Form gegeben hat. 

In der Klasse Mammalia (vonder  insbesondere hier 
die Rede sein wird) haben in den meisten Ordnungen 
all die Teile des Gehirns, die yon aul3en sichtbar sind, 
durch die Meningen hindurch jedes Detail ihrer Ober- 
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fl~iche dem Sch~idel eingeprligt. Durch die vergleichende 
Anatomie der rezenten Wirbeltiere wissen wit, in welch 
hohem MaBe am Gehirn die Form die mikroskopische 
Struktur, das so sehr verschiedene Gr613enverhiiltnis 
der Teile die jeweilige Bedeutung ihrer respektiven 
Funktion widerspiegelt. Es ist dadurch v611ig klar, dab 
auch an Hirnschfidelausgtissen beispielsweise nicht 
nur relativ grol]e Riechbulbi scharfem Geruchssinn 
des ausgestorbenen Tiers entsprechen, sondern na- 
tfirlich auch, wie bei einem wirklichen Gehirn, ein aus- 
gedehntes und gefurchtes Neopallium mehr M6glich- 
keit zu geistigen Funktionen - nlimlich gr61]ere zyto- 
architektonische Differenzierung als bei einem kleinen 
glatten Neopallium - bedeutet. Die Pallioneurologie 
hat  sich urn Schlfisse auf Details der ja nichterhaltenen 
inneren Struktur bisher kaum bemfiht ; aber zu solchen 
ist sie nunmehr auch berechtigt. 

B i s h e r .  . . 

Leser der <<Experientia ~ kennen aus der P.atAoneuro- 
logie m6glicherweise nur KAPPERS' Beitrag zu dem der 
Stammesgeschichte des M e n s c h e n  gewidmeten Heft 
(Vol.II,Fasc. 8,1946). Manchem6gen sichgefragt haben, 
ob solcherlei Forschung denn irgendwelchen Weft hat 
- weshalb sich sogar dieser gr6Bte Hirnanatom unserer 
Zeit mit den Durchmesserindices und der Anordnung 
der Furchen am Stirnlappen fossiler Hominiden be- 


