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Survey on carcinogenesis experiments in Sprague-Dawley rats by 
administration of commercial camembert- and roquefort-cheeses and 
mold mycelium 

Group Mean life Malignomas Percent Mean induction 
expectancy N time t~0 in 
in months test months 

A1 22 4- 6 5 a, a, a, b, c, 6.3 19 4- 9 
A2 18 4- 8 2 b, b 3.3 20 4- 23 
A3 22 4- 7 4 c, c, c, d 6.6 25 4- 4 
A4 21 4- 7 5 a, b, b, b, c 8.3 26 • 4 

B1 21 4- 6 5 a, a, a, b, b 8.3 15 • 5 
B2 20 4- 6 3 a, a, c 5.0 18 4- 13 
B3 28 4- 5 9 a, a, b, b, b, 15.0 25 4- 3 

b, c, d, e 
B4 18 4- 8 1 b 1.7 23 

C1 20 • 7 6 a, a, b, b, b, 10.0 17 • 4 
c 

C2 19 4- 6 7 a, a, a, b, b, 11.6 22 4- 4 
C, C 

C3 27 4- 5 6 a + e, b, b, 10.0 24 4- 5 
C, C, e 

C4 14 4- 6 3 b, b, c 5.0 19 4- 3 
Total 
control 17 4- 8 3 a, a + b, c 2.7 11 4- 6 

a Carcinomas (mamma, bile duct, uterus, abdominal cavity, kidney, 
forestomach, ovary, adrenal cortex, tail), b Sarcomas (pylorus, 
mediastinum, abdominal cavity, stomach, ovary, uterus, lung, 
subcutaneous, kidney, thigh, neck, vagina), c Leukoses and reti- 
culoses, d Haemangioendotheliomas (small intestine mesenterium, 
kidney), e Malignant thymonas (lung hyllus). 

The resul ts  of the  carc inogenic i ty  expe r imen t s  are sum-  
mar ized in the  table.  The observed  mal ignomas  are 
grouped  according to  type ,  incidence in pe rcen t  and mean  
induc t ion  t imes.  These resul ts  show clearly t h a t  by  
feeding commercia l  cheeses in ex t r eme  dosages no s ta-  
t i s t ical ly  s ignif icant  h igher  t u m o r  rate  could be observed 
in the  t e s t  groups  compared  to  the  cont ro l  groups. The 
same s t a t e m e n t  applies to the  oral  appl ica t ion  of myce-  
l ium-suspensions,  as well as to the i r  s.c. appl icat ion.  
The h igher  t u m o r  incidence in expe r imen t  B3, which  
could be shown by  c o m m o n  s ta t i s t ica l  me t h o d s  (t-test) ,  
is a p p a r e n t  only, since these  animals  had  a much  longer 
life span  t h a n  the  contro l  animals,  and  on grounds  of 
the i r  h igher  life expec ta t ion  could be expec ted  to show a 
higher  t u m o r  incidence.  The same applies in this  connec-  
t ion to  t e s t  groups  C1-C3. 
I t  is r emarkab le  t h a t  af ter  s.c. appl ica t ion  of myce i ium-  
suspensions  only  2 animals  showed sarcomas  locally a t  
the  site of appl icat ion.  On account  of the  very  low 
incidence and the  f r equen t  inject ions,  we are inclined to  
regard  these  kinds of t u m o r  as non-specific,  and to assign 
no local carcinogenic  effect  to t he  mycel ium-suspens ions  
themselves .  The lack of carcinogenic effects  in our experi-  
men t s  is fu r the r  p roved  by  the  fact  t h a t  the  mean  induc-  
t ion t imes  of ma l ignomas  in all expe r imen ta l  groups were 
much  h igher  in compar i son  wi th  the  controls.  A chronic-  
toxic  effect,  mani fes t ing  itself in the  exper imen ta l  animals  
as shor ten ing  the i r  mean  life expec tancy ,  has  no t  been  
observed.  The above  resul ts  allow t h a t  a carcinogenic 
effect  can be ass igned ne i ther  to  the  s ta r te rs  used in 
German  cheese technology,  nor  to  the i r  products .  
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S u m m a r y .  In  suckling mice in jec ted  i. p. w i th  endo tox in  on the  1st day  af ter  b i r th  and  surv iv ing  up to  the  4th day,  
mul t ip le  t um or s  and  he te ro top ic  melanin  p igmen ta t i on  occurred in t he  sites where  the  neural  cres t  cells m a y  be present .  

En t e roch rom af f i n  cells of the  gut,  a rgyrophi l  cells of the  
bronchioles,  islet of the  Langerhans ,  and parafoll icular  cells 
of the  thyro id  g land are all der ived  f rom the  neural  crest  1-6. 
All these  cells belong to  the  amine  precussor  up take  and  
decarboxylase  (APUD) sys t em 1, 2, 3, ~. I t  has  been  shown 
t h a t  h i s t amine  or sero tonine  increase in a m o u n t  in animals  
t r ea t ed  b y  endo tox in  s, and fu r the r  t h a t  macrophages  
prol i fera te  r emarkab ly  9. On the  o ther  hand ,  i t  is a ssumed 
in our  l abora to ry  t h a t  macrophages  m a y  be of neura l  
crest  origin 5. Accordingly,  i t  is specula ted  t h a t  the  neu- 
ral cres t  cells m a y  have  specific sens i t iv i ty  to  endotoxin ,  
and  react  to  endo tox in  s t imula t ion  by  proliferat ion.  The 
following expe r imen t s  were des igned to  d e m o n s t r a t e  th is  
react ion.  
M a t e r i a l s  a n d  methods .  Lipopolysacchar ide  B . E .  coli 
026 :B6  (Difco Labora t r ies ,  Detroi t ,  Mich., USA) were 
used as endotox in .  100 suckling mice of the  I C R - J C L  
s t ra in  were used as expe r imen ta l  animals.  90 mice were 
in jec ted  i .p .  w i th  endo tox in  a t  a dose of 50 mg/kg  b o d y  
weight  on the  1st d a y  af ter  b i r t h  and  16 suckling mice 
survived up to t he  3rd d a y  a f te r  injection.  10 mice no t  
t r e a t ed  wi th  endotoxin ,  were used as the  contro l  speci- 
mens.  Tile specimens  w e r e  f ixed wi th  10% neu t ra l  
formal in  and  decalcified wi th  P l ank -Rych lo ' s  fluid and  

e m b e d d e d  in paraff in.  Transverse ,  f ronta l  and sagi t ta l  
sect ions of t he  to ta l  bodies of t he  mice of 7 ~tm in th ick-  
ness were p repa red  serially and s ta ined  wi th  hema toxy l in -  
eosin and ferric chloride s ta in  for melanin.  
Resu l t s  a n d  d i scuss ion .  In  the  suckling mice injected i .p .  
wi th  endo tox in  on the  1st day  af ter  b i r t h  and surviving 
up to  3rd day  af ter  inject ion,  mul t ip le  excessive cell 
prol i fera t ion or t umors  occurred in all individuals,  and  
fur ther ,  he te ro topic  p i g m e n t a t i o n  by  melanin  was seen. 
Tumors  or p igmen ta t i on  were seen in ce r ta in  sites of t he  
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following t issues;  brain,  eye, tooth ,  vibrissae,  maxi l l a ry  
sinus, oral mucosa,  tongue,  o ropharynx ,  sa l ivary  glands,  
bone marrow,  lung, hear t ,  the  walls of the  blood vessels, 
muscular  tissues, thy ro id  gland, adrenal  gland, t hy mu s ,  
esophagus,  s tomach,  small  and  large in tens t ine ,  liver, 
pancreas ,  kidney,  per i toneum,  periost ium, cranio-spinal  
nerves  and  ganglia, and the  skin. In  some of these  tissues, 
mos t  of the  cells are composed  of the  neural  cres t  cell 
der iva t ives ,  and in o ther  t issues the  neural  crest  cells are 
sca t t e red  among  o ther  cells, and in the  suckling mice the  
undi f fe ren t ia ted  neural  cres t  cells are p resen t  there  10. 
The excessive cell prol i fera t ion or tumors  and he te ro top ic  
melanin p igmen ta t ion  occurred in the sites where neural  
crest  ceils m a y  be present .  Tumors  and  he te ro top ic  
melanin  p igmen ta t ion  were conspicuous in the  orofacial  
region and the i r  occurrence corresponds  wi th  the  fact  
t h a t  the  neural  crest  cells are widely and  densely  dis t r i -  
b u t e d  in the  orofacial  region 5. The mul t ip le  t umors  were 
composed  of a typica l  cells such as sp indle-shaped cells or 
e longated  cells, round  or oval cells and i r regular-shaped 
cells. Fu r the rmore ,  t h e  sp indle-shaped cells which  lost 
the i r  s ta in ing capac i ty  were sca t tered  in suckling mice 
in jec ted  wi th  endo tox in  as well as in the  suckling mice 
in jec ted  wi th  mi tomyc in  C 11. Some of the  tumors ,  
composed  of the  sp indle -shaped  or e longated  cells, showed 
mos t ly  ve ry  charac ter i s t ic  features:  a) an in ter lacing 
w a v y  network,  b) a t i gh t  inter lacing p a t t e r n  of the  s t ream.  
Fur the r ,  mul t ip le  excessive prol i fera t ion of melanin-  
p roduc ing  and -conta in ing cells or me lanoma  were of ten  
seen. The histological  figures of these t umors  closely 
resembled  those  in the  suckling mice in jec ted  wi th  
m i t o m y c i n  C u. 
I t  is said t h a t  a t u m o r  induced  by a single agent  in a 
single cell t ype  can have  a mul t ip l ic i ty  of phenotypes12.  
E n d o t o x i n  belongs to the  mitogens.  I t  is said t h a t  endo-  
tox in  increases the  cyclic AMP level la and  phosphory -  
la t ion of nucleoprote ins  14. On the  o ther  hand,  it  is said 

t h a t  DNA-h i s tone  in te rac t ion  is affected when  the  
h is tone  is p h o s p h o ry l a t ed  and consequen t ly  depress ion of 
the  ac t iv i ty  of the  DNA t emp l a t e  o c c u r s  15, and  t h a t  
historic act  as the  regula tor  of t r ansc r ip t ion  of the  DNA 
t emp l a t e  16. I t  is t h o u g h t  the  a l t e rna t ion  of t r ansc r ip t ion  
and t r ans la t ion  of the  genome into the  p h e n o t y p e  is 
responsible  for carcinogenesis  lL I t  is assumed in our 
l abora to ry  t h a t  D N A  nucleo t ide  sequences  in t he  neural  
cres t  cells m a y  be specific and t h a t  neura l  crest  ceils m a y  
have  someth ing  to do wi th  cyclic A M P  *, and t h a t  macro-  
phages  or Kupf fe r  ceils m a y  be of neural  cres t  origin 5. 
On the  o ther  hand ,  it is said t h a t  macrophages  8 or Kupf fe r  
cells is take  up endotoxin .  F r o m  the  above evidence,  it  is 
specula ted  t h a t  mul t ip le  excessive cell prol i fera t ion or 
t umors  and he te ro topic  melanin  p igmen ta t i on  caused by  
endo tox in  m a y  have  someth ing  to do wi th  the  neural  
cres t  cells. 

10 T. Nozue and M. Tsuzaki, Okajimas Fol. anat. jap. 57, 131 
(1974). 

11 T. Nozue, M. Tsuzaki and M. Shikimori, Experientia 30, 1330 
(1974). 

12 D.F.H.  Wallach, Microbiology 6/, 868 (1968). 
13 C.W. Parker, in: Cyclic AMP, p. 35. Ed. W. Braun, L. M. Lich- 

tenstein and C. W. Parker. Springer-Verlag Berlin 1974. 
14 L.J .  Kleinsmith, V. G. Allfrey and A. E. Mirsky, Science 154, 

780 (1966). 
1.5 T.A. Langen, Science 162, 579 (1968). 
16 V.G. Allfery, V. C. Littau and A. E. Mirsky, Proc. nat. Acad. 

Sci. 49, 414 (1961). 
17 J. L. V. Lanker, in: Chemical Carcinogenesis, vol. 4, p. 429. 

Ed. O. P. T. Paul and A. D. Joseph. Marcel Dekker Inc., New 
York 1974. 

18 I. Mesrobcanu, C. Bona and L. Mesrobeanu, Exp. Cell Res. 36, 
434 (1964). 

19 J .G.  Howard, D. Rowley and A. C. Wardlaw, hnmunology 1, 
181 (1958). 

Soft  v e r s u s  h a r d  w a t e r  as  a fac tor  in  the  i n c i d e n c e  of a n e n c e p h a l i c  f o e t u s e s  in  l i t t e r s  f r o m  t r y p a n  
b l u e  t r e a t e d  m i c e  
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Summary. In  an expe r imen t  designed to t e s t  the  possible correla t ion be tween  hard  wa te r  and  neural  tube  anomalies,  
h igh  calc ium in take  was found to increase the n u m b e r  of exencephal ic  foetuses in l i t ters  f rom t r y p a n  blue t r e a t ed  
mice. This is a reversal  of the  suggested t r end  in m a n  where soft  wa te r  and anencepha ly  m a y  be correlated.  

Regional  var ia t ion  in the  incidence of anencepha ly  in 
Eng l and  and Wales  has  suggested a possible correla t ion 
wi th  wa te r  ha rdness  1-4. For  obvious reasons,  such a cor- 
re la t ion is diff icult  to establ ish in man,  and  it was t h o u g h t  
t h a t  an expe r imen ta l  app roach  using a l abora to ry  m a m -  
mal  migh t  be informat ive .  Female  BALB/c /Gr  mice were 
d iv ided at  weaning in to  3 groups. The f irs t  was fed s tan-  
dard  ra t  cake (Oxoid Pas teur i sed  41B) and t ap  wa te r  ad 
l ibi tum.  The second was given ra t  cake plus 1~ calc ium 
ace ta te  solut ion buffered to p H  7.2 (the p H  of local t ap  
water)  wi th  a l i t t le NaOH.  The th i rd  was placed on 1% 
calc ium ace ta te  unt i l  mat ing,  t hen  t r ans fe r red  to t ap  
water .  Mice were m a t e d  wi th  BALB/c /Gr  males a mini-  
m u m  of 6 weeks af ter  weaning.  Mice wi th  a vaginal  plug 
were given an i.p. in ject ion of 1 ml 1~ t r y p a n  blue (Gurr) 

in 0.93% saline on day  8 of p regnancy .  Females  were kil- 
led on day  14 of p r e g n a n c y  and  foetuses  examined  af ter  
f ixat ion in Bouin ' s  fluid. 
All groups of foetuses con ta ined  exencephal ics .  Mice 
raised on ha rd  wa te r  were less ferti le t h a n  controls  ra ised 
on t ap  wa te r  (table) bu t  had  larger l i t ters,  wi th  more  im- 
p lan ts  and a similar  degree of resorb t ion  (solid moles). 
They  also p roduced  more  exencephal ic  foetuses.  Mice 
t r ans fe r red  f rom ha rd  to t ap  wa te r  a t  ma t ing  fared badly ,  
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