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B E N Z A N T H R A C E N E  AND " H A I R Y "  C E L L S  IN 

T H E  CNS 
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After injection of the carcinogen 9 ,10-dimethyl - l ,2-benzanthracene  (DMBA) into the right 
ce rebra l  hemisphere  of r a t s  a capsule forms around it, the f i rs t  layer of which is formed by 
"hairy" cells.  Two fundamentally distinct mechanisms have been distinguished in these hairy 
cei ls :  simple phagoeytosis and biochemical  interaction between the carcinogen and membrane.  
it is suggested that in the latter case secondary carcinogenic products consist ing of steroid 
hormones are formed; morphological ly these can be identified with lipid-like s t ruc tures  of the 
hairy cell. 
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The problem of carc inogenes is  is current ly  being studied from various aspects :  biological, biochemical, 
and biophysical [4, 5, 8, 10, 13, 14]. In this connection it seemed interesting to study the morphological sub- 
s t rate  of the carcinogenic action of the compound 9 ,10-dimethyl - l ,2-benzanthracene  (DMBA) on the cell. Ex- 
per imental  models with implantation of a pellet of the carcinogen into various organs can not only shed light on 
the stages of malignant change, but also on the mechanism of contact between the cell and the noxious agent, in 
experiments  by Avtsyn and Yablonovskaya a pellet of carcinogen was implanted into one of the cerebra l  hemi-  
spheres  or into the cerebel lum [2, 3]. Around the pellet a th ree- layered  capsule formed, the f i rs t  layer con- 
sist ing of what were descr ibed as "hairy" ceils, making direct  contact with the carcinogen. 

In the previous paper [6] the wri ter  descr ibed the u l t ras t rue ture  of these cells and postulated a possible 
role for them in the ph.agoeytosis and metabol ism of par t ic les  of carcinogen.  In the present  investigation 
morphological  aspects  of interaction between the carcinogen and membrane of the hairy cell, the external ap- 
pearance,  and the localization of the carcinogen in the cytoplasm, and the possible mechanisms of penetration 
of the carcinogen into the cytoplasm of the hairy cells were examined. 

E X P E R I M E N T A L  M E T H O D  

A pellet of chemically pure DMBA weighing 1.5-2.0 mg was implanted into the region of the nuclc[ of the 
r ight  ce rebra l  hemisphere  of female SHK albino ra ts  weighing 60-80 g. A pellet of paraffin wax of the same 
weight and volume was implanted in the control  animals. Altogether 25 experimental  and 5 control ra ts  were 
used. Pieces of brain tissue for e l ec t ron -mic roscop ic  investigation were removed intravitally under ether 
anesthesia,  and the animals were decapitated 14, 33, and 90 days later.  Material  was examined in the 
[EM-100B elec t ron microscope .  

E X P E R I M E N T A L  R E S U L T S  

P r e c u r s o r s  of hairy  cells were found close to the blood vessels  12 h after the beginning of the experi-  
ment and a cel lular  layer  immediately around the pellet of carcinogen was formed after 48 h. Mature hairy 
ceils  had an eccentr ic  nucleus with long p rocesses  pointing toward the carcinogen. The most  charac ter i s t ic  
s t ruc tu res  of the hairy  cell  were the lipid-like formations found in the cytoplasm as ear ly  as 24 h after the 
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Fig. 1. Phagocytos is  of native carc inogen  by m e m b r a n e s  of p r o c e s s e s  of ha i ry  cel l :  a) native 
ca rc inogen  DMBA, 10,000• b) phagocytosis  of l a rge  f ragments  of ca rc inogen  (C) by m e m b r a n e s  
of ha i ry  cel l  p r o c e s s  (HCP) in region of apical  p a r t ,  90 days  af ter  beginning of exper iment ,  
50,000• c) phagocytos~s of sma l l  pa r t i c les  of ca rc inogen  (C) by m e m b r a n e s  of hairy  cell  p roce s s  
(HCP) in reg ion  of apical p a r t ,  90 days  af ter  beginning of experimefi t ,  10,000• 

Fig. 2. Phagocytos is  of native carc inogen  by hai ry  cell  p r o c e s s e s  and its local izat ion in cytoplasm~ 
a) phagocytosis  of la rge  f r agmen t s  of ca rc inogen  (C) by p r o c e s s e s  (HCP) and mic rov i l l i  of p r o c e s s e s  
(MVP) of ha i ry  cel l ,  90 days  af ter  beginning of exper iment ,  20,000• b) phagocyt ized carc inogen  
(PC) in cy top lasm of ha i ry  cell .  Alongside - l ipid- l ike s t r u c t u r e s  (LS); 33 days af ter  beginning of 
exper iment ,  20,000x. 

beginning of the exper iment .  The hairy  ce l l s  fo rmed  the f i r s t  layer  of the capsule,  n e a r e s t  to the carcinogen,  
and were  in d i r ec t  contact  with the DMBA. Dif ferent  f o r m s  of interact ion between cel l  and carc inogen  were  
identified. The mos t  active ro le  in this in teract ion was played by the cell  p r o c e s s e s .  The m e m b r a n e  of the 
p r o c e s s e s  throughout their  extent  was surrounded by a ve i l - l ike  s t ruc tu re .  In the apical  par t ,  n ea r e s t  to the 
carcinogen,  the p r o c e s s e s  r e s e m b l e d  thin ve i l - l ike  s t r u c t u r e s  composed  of two t h r e e - l a y e r e d  m e m b r a n e s .  
These  m e m b r a n e s  s epa ra t ed  to sur round lumps or granules  of carc inogen and closed around it. The ca rc ino -  
gen was ~hus surrounded by the p r o c e s s e s  in the fo rm of pa r t i c l e s  of var ied  d i a m e t e r  (Fig. l a - c ) .  The m e c h -  
anism of uptake of carc inogenic  pa r t i c l e s  by the mic rov i l l i  of the p r o c e s s e s  (Fig. 2a) and by the cell b o d y w e r e  
s imi l a r .  In one case  granules  of carc inogen  were  surrounded by microv i l l i  of the p r o c e s s e s  of the hairy  cell,  
whereas  in the other case  the carc inogen  appeared  to invaginate the cel l  m e m b r a n e ,  and la te r  regions  of the 
p l a s m a l e m m a  closed together  above it. In both these ca~es the carc inogen appeared  to be in the cy top lasm of 
the cell,  sur rounded by p l a s m a l e m m a ,  as pa r t i c l e s  of geome t r i ca l  shape ( t r iangles ,  rods  with rough or even 
indented outlines;  Fig. 2b). The carc inogen  could thus be ingested by the ha i ry  cell  by phagocytosis .  

1154 



Fig. 3. Contact between carcinogen (C) and membrane of hairy cell 
p rocess .  P rese rva t ion  of th ree - l ayered  s t ructure  of membrane 
(M) and simultaneous homogenization of inner and outer layers .  
Ropheoeytotic vesic les  (RV); 14 days after beginning of experiment,  
50,000x. 

DMBA could also penetrate into the cytoplasm in another, more  complex way. In some cases where the 
carcinogen was in contact  with the p l a sma lemma both in the zone of the cell  body and in the zone of the base of 
the p rocesses ,  the outer and inner e lec t ron-dense  layers  of the membrane  were gross ly  and i r regular ly  thick- 
ened and homogenized. The membrane  retained its th ree - layered  s t ructure  in this case. Very often different 
s tages of ropheocytosis  (Fig. 3) could be seen in these areas ;  e lec t ron-dense  par t ic les  of DMBA (and its me-  
tabol i tes?)  apparently encrus ted  the p lasmalemma.  

The carcinogen can thus penetrate into the hairy cells, which are a special  type of foreign body giant 
cells [3],  in at least  two ways:  1) by simple phagocytosis  of par t ic les  of carcinogen mainly by the processes  
and their microvi l l i ,  and also phagocytosis  by the cytoplasm of the cell body; 2) by the t ransmembrane  route, 
through contact and subsequent biochemical  interaction between the carcinogen and cell merhbrane with a local 
change in its proper t ies  in the zone of contact with DMBA. In both cases  cell membranes  participate in this 
p rocess .  It is in them that the carcinogen is metabolized, and its products subsequently act on the genetic ap- 
paratus  of the cel ls .  

The polycyclic hydrocarbons,  the group to which DMBA belongs, are known to bind sulfhydryl groups and 
oxidize them, thereby causing marked changes in lipoprotein complexes [7, 9]. As a result ,  a protomer  with a 
different s t ruc ture  is incorporated into the membrane  and causes conformation of the membrane [12]. A de- 
cisive role in this change in the molecular  proper t ies  of the membrane belongs to cholesterol ,  which begins to 
be converted into s teroid  hormone [11]. Steroid hormones,  which are s imi lar  in s t ructure  to polycyclic hydro-  
carbons,  themselves possess  potential carcinogenic activity. It can accordingly be postulated that the malig-  
nant t ransforming action is exerted not by the carcinogen itself, but by the products of its interaction with the 
p l a sma lemma of the hairy cell. The formation of this product can be expressed  visually by the appearance of 
lipid-like s t ruc tu res  in the cell ,  which in the present  experiments  were found in the hairy cell 24 h after the 
beginning of the experiment .  It is difficult as yet to predict  the pathogenetic significance of these formations.  
If it can be shown biochemically that they are p r e c u r s o r s  of steroid hormones,  this will confirm to some degree 
the views of some workers  that carcinogenic agents, including DMBA, on entering the body, initiates the fo rma-  
tion of endogenous carcinogens  which are the d i rec t  cause of the malignant change [1, 15]. 
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The t ryptophan metabol i t es  3- indolylacryl ic  acid and 2-aminoacetophenone,  whose carcinogenic  
act ivi ty has been demons t ra t ed  by expe r imen t s  on inbred mice ,  were  injected into noninbred 
guinea pigs. Both subs tances  induced tumors  in the animals  of the exper imen ta l  groups e a r l i e r  
than in the control  and the tumors  differed signif icantly in their  morphology f rom those in ani-  
ma l s  of the control  groups,  evidence that both compounds have a carc inogenic  effect.  The r e -  
suits  indicate that guinea pigs can be used to study the carcinogenic  act ivi ty of weak ca r c ino -  
gens of the endogenous c lass .  

KEY WORDS: guinea pigs;  t ryptophan metabo l i t es ;  carcinogenic  act ivi ty;  endogenous c a r -  
cinogens.  

The e x t r e m e l y  low frequency of spontaneous neop lasms  in guinea pigs [6, 11] and the fact  that their  
blood s e r u m  has an inhibi tory effect  on cer ta in  t ransplantable  mouse tumors  [8, 13] has led to the view that 
guinea pigs a re  r e s i s t a n t  to induction of tumors  and, as a resul t ,  the t e r m  "ca rc ino re s i s t ance"  has become 
f i rmly  attached in the spec ia l ized  l i t e ra tu re  to the animals  of this spec ies  [5, 10, 12]. 

Shabad [2],  however,  has shown that guinea pigs are not absolutely r e f r a c t o r y  to the carcinogenic  ac t iv-  
ity of d ibenzanthracene,  and la ter  work has r evea led  the high sensi t ivi ty  of guinea pigs as a spec ies  to n i t roso  
compounds,  aflatoxins,  cycasin,  hormones ,  etc.  [4, 5, 9, 12, 14, 15]. 

The object  of this invest igat ion was to use guinea pigs in an a t tempt  to study the carc inogenic  activity of 
t ryptophan metabol i t es ,  which are  found in an increased  concentra t ion in the urine of pat ients  with leukemia  
and have a carc inogenic  effect  in expe r imen t s  on inbred mice  [1].  

EXPERIMENTAL METHOD 

Experiments were carried out on 90 noninbred guinea pigs of both sexes obtained from the Kryukovo 

nursery at the age of 2 months and kept on a standard diet in individual cages. The animals were divided into 
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