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Inf luence  of G e r m - F r e e  Status  on the E x c r e t i o n  of S i m p l e  P h e n o l s  of P o s s i b l e  S ign i f i cance  in 
T u m o u r  P r o m o t i o n  

Local  appl ica t ion  of phenol,  p-cresol and  2-e thylphenol  
p romotes  the  deve lopmen t  of skin t umour s  in mice  af ter  
a single in i t ia t ing appl ica t ion  of d i m e t h y l b e n z a n t h r a -  
cenel .  The former  2 compounds  and the  para i somer  of 
e thy lpheno l  are the  major  u r inary  s imple phenols  when  
na tu ra l  p l an t -con ta in ing  diets  are fed to  ra t s  2, and i t  has  
been  shown t h a t  the  in tes t ina l  microf lora  plays  a ma jor  
role in the  fo rma t ion  of these  substances3.  I t  was there-  
fore deemed of in te res t  to s t u d y  the  excre t ion  of s imple 
phenols  in germ-free  and convent iona l  rats.  

Germ-free  ra t s  of the  CDF-s t r a in  were raised and reared 
as descr ibed elsewhere 4. Control  animals  were of the  same 
s t ra in  and were f rom the  4 th  genera t ion  af ter  conven-  
t ional izat ion.  4 ra t s  aged 110-130 days  and  weighing 150- 
200 g were used in each group. 10 days  before and  dur ing  
the  s t u d y  a commerc ia l  pel let  diet  (Felleskjopet,  Oslo) 
descr ibed previous ly  2 was fed. The diet  was au toc laved  at  
120 ~ for 20 rain. The animals  were allowed free access to 
food and  water .  The ra ts  were placed in metabol ic  cages 
and the  indiv idual  48-h urines were ob ta ined  by  the  use 
of separa tors  which disposed of the  faeces. Control  urines 
f rom the  convent iona l  ra t s  were collected in conta iners  
p laced in solid ca rbon  dioxide whereas  t he  urines f rom the  
germ-free  ra t s  were collected at  room t e m p e r a t u r e  and 
r emoved  f rom the  isolators every  24 h. The urines were 
s tored  at  - 2o ~ and thawed,  f i l tered and  di lu ted  to 20 ml 
immed ia t e ly  pr ior  to  analysis.  Samples  of 10 ml  of the  
d i lu ted  urines were hydro lyzed  wi th  fl-glucuronidase 
( type H2 conta in ing  sulphatase ,  Sigma Chemical  Co.), 
ex t r ac t ed  and  analyzed by  gas c h r o m a t o g r a p h y  as de- 
scr ibed previously  2, 5. 

E x c e p t  for t races  of phenol  ( <  0.005 rag/24 h), s imple 
phenols  were not  de tec ted  in the  hydro lyzed  urine of the  
germ-free rats.  The excre t ion  of the  major  ur inary  phenols  
in the  convent iona l  ra ts  was as follows (mg/24 h, m e a n  
wi th  range in paren theses ) :  phenol  0.09 (0.06-0.16), p- 
cresol 0.28 (0.08-0.73), and 4-e thylphenol  0.38 (0.31- 
0.47). Smaller  amoun t s  of catechol,  4 -methylca techol  and 
resorcinol  and t races  of guaiacol were also ident i f ied in 
these urines. The ahnos t  comple te  absence of ur inary  
s imple phenols  is a previously  unrepor ted  b iochemical  
fea ture  of germ-free animals.  This  f inding demons t r a t e s  
t h a t  w i th  the  except ion  of phenol  which  appears  to arise 
to a ve ry  small  ex t en t  in the  t issues the  normal  microf lora  
is essent ial  for the  fo rmat ion  of these  compounds .  

The process of cont inuous  absorp t ion  of small  a m o u n t s  
of s imple phenols  produced  in the  in tes t ina l  lumen is qui te  
d i f ferent  f rom the  exper imenta l  condi t ions  used in the  
s t u d y  of t u m o u r  promot ion .  Never theless ,  the  fact  t h a t  
t u m o u r - p r o m o t i n g  ac t iv i ty  is a p rope r ty  of some volat i le  
s imple phenols  1, 6 should not  be d is regarded a l though  the  

significance of the  normal  p roduc t ion  of these  compounds  
has no t  been  invest igated.  

TANNE~BAUM and SILVERSTONE 7 found  t h a t  the  feeding 
of a low pro te in  die t  reduced  the  incidence of spon taneous  
h e p a t o m a s  in C3H mice and  th is  suggests  t h a t  p ro te in  or 
p ro te in  metabo l i t es  m a y  be involved in the  fo rma t ion  of 
these  tumours .  The ur inary  excre t ion  of phenol  and p- 
cresol in ra t s  also decreases when  the  d ie t a ry  p ro te in  
in take  is reducedS. Recent ly ,  GRANT and  ROE9 repor ted  
t h a t  germfree  C3H mice are more  res i s t an t  to  h e p a t o m a  
induc t ion  by  d i m e t h y l b e n z a n t h r a c e n e  t h a n  mice  of t he  
same s t ra in  r emoved  f rom the  isolators and kep t  under  
'min imal  disease '  condit ions.  They  discussed w h e t he r  
immunologica l  factors,  v i rus  et iology or microbia l  des- 
t ruc t ion  of a p ro tec t ing  agent  m a y  expla in  th is  observat ion.  
In  view of t he  in fo rmat ion  now avai lable  th is  difference 
in suscept ib i l i ty  migh t  also be re la ted  to  t u m o u r  p romot ion  
by  some simple phenols  p roduced  t h ro u g h  the  act ion of 
the  in tes t ina l  microf lora  on precursors  normal ly  p resen t  in 
the  diet.  

Zusammen/assung. In  keimfrei  aufgezogenen M~iusen 
werden  fas t  keine e infachen Phenole  mi t  dem Urin  aus- 
geschieden,  was auf den Mangel  an D a r m b a k t e r i e n  zu- 
r i ickzuft ihren ist. 
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Calcein  Blue  as  a F l u o r e s c e n t  Label  in Bone  

Some f luorescent  compounds  which  are fixed in newly  
formed calcified t issues m a y  be used to label bone deposi-  
t ion.  Such labels help to de t e rmine  the  t ime sequence of 
bone growth,  repa i r  and a d a p t a t i o n  to funct ional  demand .  
The use of al izarin red S 1, 2, te t racycl ines  3, porphyr ines  4 
and the  f luoresceins Calcein 5 and  DCAF 5,6 has  been  re- 
por ted .  These labels m a y  be given singly or sequent ia l ly ,  
in t he  la t t e r  case to  enhance  the  effect iveness  of the  
m e t h o d  in moni to r ing  model l ing v and  remodell ing.  A 

double  label is ob ta ined  by  combin ing  2 d i f ferent  t e t ra -  
cyclines 8 or by  combin ing  a single t e t racyc l ine  wi th  
alizarin red S 9 or haematoporphyr ine4 .  To prov ide  a tr i-  
chrome label, al izarine red S 6 or h a e m a t o p o r p h y r i n e  1~ 
m a y  be used wi th  DCAF and te t racycl ine .  Four  d i f fe rent  
te t racyc l ines  have  also been  admin i s t e red  11. There  are 
d i sadvan tages  in the use of some of these  subs tances .  
Alizarin red S has been  c la imed to  inh ib i t  fu r the r  bone 
g rowth  9 and i t  is ha rd ly  de tec tab le  in the  presence  of 
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fuchsin  stain.  The use of h a e m a t o p o r p h y r i n e  is also l imi- 
ted,  p r imar i ly  because  the  h igh  doses (300 mg/kg) neces- 
sary  to ob ta in  d i s t inc t  labell ing 12 m a y  resul t  in le thal  
in tes t ina l  complicat ions .  Fur the rmore ,  it  has  been  obser- 
ved t h a t  h a e m a t o p o r p h y r i n e  as well as alizarin red S 
is depos i ted  a t  a somewha t  d i f ferent  si te f rom t h a t  of 
t e t racyc l in  e and  D C A F  13. The advan tages  of mul t ip le  
labell ing and  the  above-men t ioned  difficult ies p r o m p t e d  
a search for o the r  compounds  for possible use as fluores- 
cent  labels. 

H O ~ / O - , / / O  

Calcein-blue HOOC--CH2 'N CH / [I / 
H O O C ~ H  / -- ~ / ~ /  

CH3 

Calcein-blue la, an indicator for the complexometric 
determination of Ca, Sr and Ba was tested. It was dis- 
solved as a 3% solut ion in 2% NaHCO 3 and  in jec ted  in 
sheep (i.v.), r abb i t s  (i.v.) and  ra t s  (Lp.) a t  a dose of 30 mg/  
kg. The exper imen ta l  animals  were sacrificed f rom 24 h 
to  5 weeks af ter  in jec t ion  and  the  long bones f ixed in 
alcohol. Sections 50 ~ th ick  were p repa red  and  examined  
microscopical ly  under  UV-i l luminat ion.  

Calcein-blue was found to  produce  a blue f luorescence 
in bone  upon UV-exc i t a t ion  15. The blue f luorescence 

appears  a t  t he  same site as t e t racyc l ine  and  the  fluores- 
ceins. A t  a dose  of 30 mg/kg  no toxic  effect  was de tec ted  
in t he  exper imen ta l  animals  and  bone  deposi t ion was  
found to  be unaffec ted .  The f luorescence of Calcein-blue 
fades s o m e w h a t  more  quickly  t h a n  the  f luorescence of 
o ther  labels, b u t  suff ic ient  t ime  is p rov ided  to p repa re  
p h o t o m i c r o g r a p h s .  The con t ra s t ing  f luorescence of 
Calcein-blue encourages i ts  combina t ion  wi th  a t e t r a -  
cycline ~e and  a fluorescein 5, e t o  ob ta in  a t r i chrome UV- 
f luorescent  labell ing compa t ib le  wi th  fuchsin counter -  
s ta in  17. 

Zusammenfassung.  Calceinblau ergibt ,  in Knochen  ein- 
gebaut ,  un t e r  UV-]3es t rahlung eine klar  e rkennbare  
blaue Fluoreszenz.  Calceinblau e ignet  sich vor  a l l e n  fiir 
B/iehrfarbmarkierung des K n o ch en s  in K o m b i n a t i o n  N i t  
Tet racycl in  und  Ca!cein oder  DCAF.  Solche Mehrfarb-  
mark ie rungen  er le iehtern  das  S tud ium des K n o c h e n u m -  
baus.  
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A contrasting, trichrome fluorescent label in a rabbit osteon (A, blue; 
B, green; C, yellow) is provided by combining Calcein-blue with the 
fluorescein DCAF and the tetracycline Aehromycine | The labels 
were injected at time intervals of 10 days. 
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C a r c i n o g e n i c  Ac t ion  of D i m e t h y l n i t r o s a m i n e  in 
and P r o t e i n  in v ivo  

The carcinogenic act ion of d ime thy ln i t ro samine  has  
been  corre la ted  wi th  t he  in vivo m e t h y l a t i o n  of nucleic 
acids and  pro te ins  in t he  t a rge t  organs 1. Dimethy ln i t ros -  
amine  is no t  0nly a strong, ma in ly  hepa toca rc inogen  in 
m a m m a l i a  2-5 bu t  is also h ighly  act ive in ra inbow t rou t  e. 
I t  is general ly  agreed t h a t  m e t h y l a t i o n  is no t  due to  t he  
di rect  reac t ion  of the  unchanged  molecule bu t  to an 
i n t e rmed ia t e  fo rmed b y  enzymat i c  ox ida t ion  1, 7, 8, even  if 
t h e  fo rma t ion  of d i a z o m e t h a n e  in  v ivo  is excluded s. 

T r o u t  not  Re lated  to M e t h y l a t i o n  of Nuc le i c  Ac ids  

Compara t ive  s tudies  b y  GAUDETTE et  a l )  have  re- 
vealed t h a t  f i sh  and cer ta in  t y p e  of amph ib i a  lack the  
abi l i ty  of ox ida t ive  drug metabol i sm,  and  we have  now 
inves t iga ted  w h e t h e r  7 -methy lguan ine  is formed in t he  
R N A  of pigeon, frog and ra inbow t rou t  liver, species of 
d i f ferent  evo lu t ionary  stages, af ter  appl icat ion of 14C- 
d ime thy ln i t rosamine .  

14C-dimethylamine-hydrochlor ide  was purchased  f rom 
NEN,  Chicago, and  conve r t ed  to  the  cor responding  ni t ro-  


