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ca rden- (20  : 22)-olid) als S t e r o i d k o m p o n e n t e  im C o n j u g a t  
4 v o r k o m m t ,  sp r i eh t  gleichfalls  f a r  Glukurons~iure  als 
C o n j u g a n d e n ,  well  die G l u k u r o n y l - T r a n s f e r a s e  o f f enba r  
n u r  m i t  a -s t / indigen O H - G r u p p e n  a n  C-3 y o n  A / B  cis- 
Ste ro iden  reag ie r t  (erschlossen aus  d e m  ausschl iess l ichen  
V o r k o m m e n  de r  e n t s p r e c h e n d e n  M e t a b o l i t e  yon  S te ro id-  
h o r m o n e n  la). 

Die B e o b a c h t u n g e n  i n s g e s a m t  e r l a u b e n  den  Schluss,  
dass  de r  M e t a b o l i t  4 m i t  3 -Ep i -d ig i t ox igen in -g luku ron id  
iden t i sch  ist.  V e r m u t l i c h  w e r d e n  i m  t i e r i s chen  Orga-  
n i smus  s u c h  a n d e r e  Cardeno l idgen ine ,  die d u r c h  E p i m e r i -  
s ie rung en tg i f t e t  we rden  k 6 n n e n  ~4, t iber  ansch l i e s sende  
K o n j u g a t i o n  m i t  G lukurons / iu re  aussche idungs f / ih ig  ge- 
macht ,  

Summary. After  i n c u b a t i o n  of d ig i tox igen in  w i t h  slices 
f rom l ivers  of man ,  r a b b i t  or  dog, a t o t a l  of 5 ch lo ro fo rm-  
insoluble ,  h i g h l y  po l a r  m e t a b o l i t e s  h a s  been  i so la ted  b y  

e x t r a c t i o n  w i t h  e the r - e thano l .  Two of t h e  p r o d u c t s  were  
t he  sul fur ic  acid es ters  of d ig i tox igen in  or 3-epi-digi toxi-  
genin,  as d e m o n s t r a t e d  earlier,  a n d  two  f u r t h e r  ones  
could  n o t  be  ident i f ied .  T h e  f i f th  m e t a b o l i t e  a p p e a r e d  to  
be  iden t i ca l  w i t h  3-epi -d ig i toxigenin  g lucuronide .  

I. HERRMANN und  K. I{EPKE 

Institute/iir 2~Iediz.in und Biologic tier Deutschen A kademie 
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Absorption and Excretion of Benzpyrene in the 
Cockroach ( Periplaneta americana) 1 

~Ve h a v e  r e p o r t e d  ~ t h a t  t h e  sk in  a n d  v i sce ra  of ch ickens  
a n d  mice  h a v e  a b lue  f luorescence  fo l lowing t h e  oral  ad -  
m i n i s t r a t i o n  of benzpy re ne .  B e n z p y r e n e  is p r e s e n t  in  t h e  
b lood  of ch i ckens  a n d  ducks  and  in t he  bi le  of ch ickens  
and  dogs t h u s  t r ea t ed .  Accord ing  to WILLIAMS 3, t h i s  b lue  
f luorescence m a y  resu l t  e i t h e r  f rom b e n z p y r e n e  or one  of 
i t s  me tabo l i t e s .  CHAMBERS a n d  KIRBY 4 a n d  KOTIN e t  al. ~ 
found  t h a t  b e n z p y r e n e  a n d  i ts  m e t a b o l i t e s  are  n o r m a l l y  
e l i m i n a t e d  t h r o u g h  t he  l iver  a n d  k idney .  I n  ou r  p r e s e n t  
s t u d y  of a b s o r p t i o n  a n d  e l i m i n a t i o n  of b e n z p y r e n e  in t he  
cockroach ,  t h e  b e n z p y r e n e  was  a d d e d  to  t h e  food. F luo-  
rescence  was  o b s e r v e d  w i t h  u l t r a v i o l e t  l i gh t  a n d  benz-  
p y r e n e  was e x t r a c t e d  f rom t he  t issues.  

Methods and Material. A d u l t  cockroaches  (Periplaneta 
americana) were c a u g h t  local ly  a n d  p u t  in to  large glass 
jars .  L a b o r a t o r y  chow was used as food, t h e  pe l le ts  be ing  
c ru shed  a n d  p u t  on  t h e  b o t t o m  of t h e  jars.  "Water was  
ava i l ab le  in sma l l  con ta ine r s .  Crys ta l s  of b e n z p y r e n e  were  
added  to the  c ru shed  pel le ts  of l a b o r a t o r y  chow in con-  
c e n t r a t i o n s  ol 1, 5, 10, a n d  20 m g  of b e n z p y r e n e  pe r  g of 
food. This  food was  aga in  m o l d e d  in to  pe l le ts  we igh ing  1 
to  2 g a n d  dr ied  in a n  o v e n  for  24 h a t  78°C. 

The  l eng th  of t ime  the  roaches  were fed t h e  b e n z p y r e n e -  
c o n t a i n i n g  food va r i ed  f rom 24 h to  2 m o n t h s .  I n  some  
e x p e r i m e n t s  the  roaches  were fed b e n z p y r e n e - c o n t a i n i n g  
food for 24 h a n d  t h e n  n o r m a l  l a b o r a t o r y  chow for  v a r y i n g  
periods.  Some of t he  roaches  were k e p t  in  i n d i v i d u a l  j a r s  
in  o rde r  to  o b t a i n  spec imens  of feces to  t e s t  for benz-  
pyrene .  Fo r  th i s  t e s t  a single pel le t  of t h e  feces was p u t  
in to  a smal l  t e s t  t u b e  to  wh ich  1 to  3 ml  of benzene  was  
added .  The  t u b e  was s h a k e n  br ie f ly  a n d  t h e n  o b s e r v e d  for  
b lue  f luorescence w i t h  a n  u l t r av i o l e t  l i gh t  (Aloe No. 
52140, u l t r av io l e t  m ine ra l i gh t ,  h i g h  in t ens i ty ,  long wave  
3660A). A blue f luorescence was i n t e r p r e t e d  as sugges t ive  
of t he  presence of benzpyrene .  A b s o r p t i o n  cu rves  for 
b e n z p y r e n e  were m a d e  on  a B e c k m a n  s p e c t r o p h o t o m e t e r  
on  some of these  s tool  specimens .  Some of t h e  pel le ts  of 
feces were obse rved  for b e n z p y r e n e  c rys ta l s  u n d e r  a dis-  
sec t ing  microscope w i t h  u l t r av i o l e t  l ight .  

The  roaches  were anes t he t i z ed  w i t h  e ther ,  p u t  i n to  
smal l  jars ,  a n d  covered  w i t h  benzene .  T h e  bod ies  were  
t h e n  m a c e r a t e d  to  d e t e r m i n e  w h e t h e r  or  n o t  b e n z p y r e n e  
was  p resen t .  Some t imes  on ly  the  legs of roaches  were  

r e m o v e d  for ex t r ac t i on .  Af t e r  r e m a i n i n g  in t h e  b e n z e n e  
for  i n t e r v a l s  of 1 to  24 h,  t h e  s u p e r n a t a n t  f luid was re- 
m o v e d  a n d  obse rved  w i t h  u l t r a v i o l e t  l ight .  A n  a b s o r p t i o n  
cu rve  for b e n z p y r e n e  was  o b t a i n e d  on  m a n y  of these  
spec imens ,  us ing  t he  B e c k m a n  s p e c t r o p h o t o m e t e r .  

Two  a d d i t i o n a l  h y d r o c a r b o n s ,  p y r e n e  a n d  a n t h r a c e n e ,  
were a d d e d  to t he  food in  a c o n c e n t r a t i o n  of 5 mg/g  of 
l a b o r a t o r y  chow. Th i s  was  fed to  2 g roups  of roaches .  O n  
t h e  6 t h  d a y  t h e  food c o n t a i n i n g  these  h y d r o c a r b o n s  was  
d i s c o n t i n u e d  a n d  t h e  roaches  were fed t he  s t a n d a r d  ra±ion. 
Some  of t he  roaches  were  killed. P y r e n e  a n d  a n t h r a c e n e  
were  e x t r a c t e d  f rom the  t i s sues  in  b e n z e n e  us ing  t h e  s a m e  
t e c h n i q u e  as  p r ev ious ly  desc r ibed  for  e x t r a c t i n g  benz-  
p y r e n e  f rom the  b o d y  of t h e  roach.  

I n  some  of t he  e x p e r i m e n t s  t h e  cockroaches  were anes-  
the t i zed ,  p u t  i n to  t h e  f reezing c o m p a r t m e n t s  of a refri-  
gera tor ,  a n d  k e p t  for v a r y i n g  i n t e rva l s  before  t h e y  were  
e i t h e r  p h o t o g r a p h e d  or p u t  in to  benzene  for  ex t r ac t i on .  
Roaches  were obse rved  a n d  p h o t o g r a p h e d  us ing  the  u l t r a -  
v io le t  l ight .  E a s t m a n ' s  E k t a c h r o m e  d a y l i g h t  t y p e  fi lm 
w i t h  a 2A ge l a t i n  f i l ter  was  used  for  al l  co lored  t r a n s -  
parencies .  B l a c k  a n d  wh i t e  p h o t o g r a p h s  also were  m a d e  
us ing  u l t r av io l e t  l ight .  

Results. Roaches  r ead i ly  ea t  l a b o r a t o r y  chow c o n t a i n -  
ing  b e n z p y r e n e .  T h e r e  h a s  b e e n  no  ev idence  t h a t  benz -  
p y r e n e  is i n ju r ious  to  t h e  r o a c h  w h e n  fed for  a pe r iod  of 2 
m o n t h s .  Stools  were  pos i t ive  for  b e n z p y r e n e  w i t h i n  8 h 
fol lowing t he  feeding of b e n z p y r e n e - c o n t a i n i n g  food. Con- 
t r o l  spec imens  a lways  were  n e g a t i v e  for  b e n z p y r e n e .  
N u m e r o u s  yel low crys ta l s ,  c o n s i s t e n t  w i t h  b e n z p y r e n e ,  
were  p r e sen t  in  s tools  of t r e a t e d  roaches .  T h e  s tools  re- 
m a i n e d  pos i t ive  for b e n z p y r e n e  for a p p r o x i m a t e l y  72 h 
w h e n  t h e y  were  o b t a i n e d  f rom insects  fed b e n z p y r e n e -  
c o n t a i n i n g  food a n d  t h e n  c h a n g e d  to  n o r m a l  l a b o r a t o r y  
chow (Figure  1). 

B e n z p y r e n e  is e x t r a c t e d  r ead i ly  f rom the  b o d y  of 
roaches  fed b e n z p y r e n e - c o n t a i n i n g  food (Figure  2). Benz-  

1 Supported by grant CA 01469-11 from the National Cancer Insti- 
tute, Public Health Service. 

2 R. H. RIGDON and J. NEAL, Texas Rept. Biol. Med. June (1963). 
3 R. T. WILLIAMS, Detoxication Mechanism, 2nd ed. (John Wiley 

and Sons, Inc., New York 1959), p. 222, 224. 
4 j .  G. CHAMBERS and A. H. M. KIRBY, Bioehem. J. 3~, 1191 (1940). 
5 p. KorI~, H. L. FALK, and R. BUSSER, J. Natl. Cancer Inst. 23, 

541 (1959). 
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pyrene  pers is ts  in t he  b o d y  of t he  roaches  for va ry ing  
per iods  of t ime  a f te r  t h e  benzpyrene -con ta in ing  food has  
been  replaced wi th  no rma l  food. A mode ra t e  a m o u n t  of 
b e n z p y r e n e  was  ob t a ined  on t h e  16th d a y  f rom roaches  
fed 10 mg  of benzpy rene -con t a in ing  food for 24 h and  
t h e n  s t a n d a r d  food for 16 days,  b u t  no benzpy rene  was 
obse rved  in roaches  s imilar ly  t r e a t ed  and  killed on the  
27th day.  There  was  a decrease in t he  a m o u n t  of benz-  
py rene  ob ta inab le  f rom the  t issues co r respond ing  to  the  
in te rva l  e laps ing be tween  the  t ime  t h a t  t he  benzpyrene -  
con ta in ing  food was  d i scon t inued  a n d  the  t ime  of t h e  ex- 
t r a c t i on  of benzpyrene .  The  q u a n t i t y  of b e n z p y r e n e  ob- 
t a inab le  f rom the  t issues  also was  inf luenced by  t h e  
q u a n t i t y  of b e n z p y r e n e  in the  food and  the  a m o u n t  of 
food consumed.  H u n g r y  roaches  ea t  more  t h a n  those  
rou t ine ly  fed. Such fac tors  na tu ra l ly  would  inf luence the  
a m o u n t  and  du ra t ion  of d e m o n s t r a b l e  b e n z p y r e n e  in t he  
t issues.  B e n z p y r e n e  was  d e m o n s t r a b l e  in the  t issue ex- 
t r a c t s  of roaches  following the  t ime  t h a t  t h e  stools  were  
nega t ive  (Figure 1). 

The ven t r a l  surface of roaches  fed b e n z p y r e n e  for 24 h 
f luoresced wi th  a blue color (Figure 3). This  blue fluores- 
cence g radua l ly  increased.  The  blue f luorescence was mos t  
conspicuous  in t he  t issues abou t  t he  mou th ,  eyes, ven t r a l  
surface of t he  neck  and  thorax ,  in the  smal l  pads  (setae) 
on t h e  legs and  in t h e  t i ssues  a b o u t  the  anus.  W h e n  the  
wings and  the  pos te r io r  po r t i on  of t he  ske le ton  were  re- 
moved ,  t h e  soft  t issues wi th in  t he  body  cav i t y  showed  a 
deep  blue  fluorescence.  

Py rene  and  an th racene  were p re sen t  in t he  bodies  of 
roaches  killed on the  6th e x p e r i m e n t a l  day  a f te r  hav ing  
been  fed the  py rene  and  a n t h r a c e n e - c o n t a i n i n g  foods. 
These  h y d r o c a r b o n s  also were d e m o n s t r a t e d  in the  bodies  
of roaches  killed on  t h e  7th d a y  following the  d i scont inu-  
a t ion  of t he  h y d r o c a r b o n - c o n t a i n i n g  food (Figures 4 and  
5), b u t  none  was  found in roaches  killed on  the  17th day .  

Discussion. I t  is obvious  f rom these  e x p e r i m e n t s  t h a t  
t he  cockroach  absorbs  b e n z p y r e n e  f rom the  gas t ro-  
in tes t ina l  t r ac t  and  i t  is readi ly  e x t r a c t e d  f rom the  b o d y  
and  legs. Benzpy rene  is p re sen t  in stools of roaches  fed 
benzpy rene -con t a in ing  food. Benzpy rene  can be e x t r a c t e d  
f rom the  roaches  several  days  a f t e r  the i r  s tools  are  free of 
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Fig. 1 shows interval in which stools from roaches are positive when 
fed benzpyrene and the time in which benzpyrene is present in the 

tissues after the food containing benzpyrene was discontinued. 

• Interval when benzopyrene containing food was fed ~5 or 10 mg 
benzopyrene/g of laboratory chow) 

[] Interval when laboratory chow was fed 
+ Benzopyrene present 
O Benzopyrene absent 
Body of roach extracted in benzene and absorption curve for ben- 

zopyrene read on Beckman DU Spectrophotometer. 

th is  hydroca rbon .  Only smal l  a m o u n t s  of benzpyrene ,  
however ,  are  d e m o n s t r a b l e  in the  bodies  of these  roaches  
15 days  a f t e r  food con ta in ing  b e n z p y r e n e  has  been  dis- 
con t inued  and  none  is found  in roaches  e x a m i n e d  on the  
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Fig.2. Absorption curve for benzpyrene in tissues of roaches. 

Curves 1. 3,4benzpyrene, 5 micromes/ml in benzene. Tissue ex- 
tracted in benzene Beckman DU Spectrophotometer 

2. Body of roaches fed benzpyrene for H days (lO mg/g food) 
3. Legs of roaches fed benzpyrene for 24 h 10 mg/g food) 
4. Body of roaches fed normal food 
5. Legs of roaches fed normal food 

, A / 

Fig. 3. A, The ventral surface of a roach fed 10 mg of benzpyrene per 
g of laboratory chow for 20 days. The area has a blue fluorescence 
with ultraviolet light. 111 this photograph the area is white. B. Con- 

trol roach photographed with ultraviolet light. 
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27th day.  These  observa t ions  would indica te  t h a t  the  
roach  e l iminates  benzpyrene  flfllowing oral  admin i s t r a t i on  
as we repor ted  in the  mouse,  chicken and  duck  2. However ,  
t h e  ra te  of excret ion is much  slower in t he  roach  t h a n  i t  is 
in the  w a r m  blooded animals.  Certainly,  the re  is no th in g  
in these  exper imen t s  to suggest  t h a t  b e n z p y r e n e  is s tored  
in the  t issues of the  roach for long per iods  of t ime.  

Al though  there  is some blue f luorescence of t he  wings 
and  body  of the  un t r ea t ed  roach,  b e n z p y r e n e  was  neve r  
ex t r ac t ed  f rom the  body.  F u r t h e r m o r e ,  t he  i n t ens i ty  of 
t he  blue f luorescence is min ima l  in t he  controls  as com- 
pared  wi th  t h a t  of the  roaches  fed benzpyrene .  

W I L L I A M S  :~ observed  t h a t  benzpyrene ,  as well as some 
of its metabol i tes ,  has  a blue f luorescence.  No a t t e m p t ,  
however ,  has  been  made  in th is  s t u d y  to d e m o n s t r a t e  a n y  
metabo l i t es  t h a t  m a y  be p re sen t  in e i ther  t he  t issues or 
stools. Obviously,  benzpy rene  is me tabo l i zed  wi th in  the  
roach since no benzpy rene  was  d e m o n s t r a t e d  in the  stools  
af ter  the  food con ta in ing  b e n z p y r e n e  had  been  discon-  
t inued.  However ,  i t  was  stil l  p r e sen t  in t h e  b o d y  of 
roaches,  a l t hough  subsequen t ly  it d i sappeared .  Benz-  
pyrene  remains  in t he  t issues of t h e  roach  m u c h  longer  
t h a n  it does in the  t issues of the  mouse  and  chicken.  These  
observa t ions  in t he  cockroach  would  suggest  t h a t  t issues 
o the r  t h a n  the  k idney  and  l iver m a y  metabol ize  benz-  
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Fig. 4. Absorptio, l  curve  for pyrene  in tissues of roaches.  

Curve 1. Pyrene standard in benzene. Tissue extracted in benzene 
Beckman DU Spectrophotometer 

2. Body of roach fed pyrene 6 days (5 mg/g food) then con- 
trol food for 7 days. 

pyrene  since the re  is no l iver or k idney  in the  cockroach  
like in ma mma l s .  

Py r e n e  and  an th racene  can be ex t r ac t ed  f rom the  t is-  
sues of roaches  fed these  hydroca rbons .  Py r e n e  and  an-  
th racene ,  like benzpyrene ,  will pers is t  in t he  t issue of t he  
roach  a f te r  t he  food con ta in ing  these  2 h y d r o c a r b o n s  has 
been  d iscont inued .  Ne i the r  of these  h y d r o c a r b o n s  was 
d e m o n s t r a t e d  in the  t issues of t he  roaches  killed 17 days  
a f t e r  food con ta in ing  py rene  and  a n t h r a c e n e  h a d  been 
d i scon t inued  6. 
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Fig. 5. Absorption curve for anthracene in tissues of roaches. 

Curve 1. Anthracene standard Read in benzene. Tissue benzene ex- 
tracted Beckman Spectrophotometer 

2. Body roach fed anthracene 6 days (5 mg/g food) then con- 
trol food for 7 days. 

Rdsumd. Le benzopyr6ne  le pyr~ne e t  l ' an thrac~ne  peu-  
v e n t  8tre r6v616s au m o y e n  du spec t ropho tom6t re  dans  
les ex t ra i t s  de t issu des b la t t e s  (Periplaneta americana) 
nourr ies  avec ees hyd roca rbu re s ;  ils sont  excr6t6s lo r squ 'on  
i n t e r r o m p t  l ' a l imenta t ion .  

R. H. RIGDON and  J. NEAL 

Departments o/ Pathology and Preventive :IIedicine and 
Public Health, The University o/ Texas Medical Branch, 
Galveston (Texas, U.S.A.),  May  27, 1963. 

6 This study in the cockroach was suggested by J. MACK, a labora- 
tory assistant, who also contributed much to the technical conduct 
of the experiment. 

Effect of Ioniz ing  Radiat ion on the T e s t e s  of Rat 

X-i r rad ia t ion  has  a marked  effect  on the  l iving germ 
ceils, as evidenced by  the  var ious  changes  in t he  cons t i tu -  
t ion and  behaviour  of t he  in t racel lular  inclusions.  The 
sequence  of these  aber ra t ions  is diff icult  to follow as 
chronological  s tudies  of t he  l iving i r rad ia ted  germ cells 
have  no t  been  carried out  in the  p re sen t  inves t iga t ions  
and  will be dea l t  w i th  in detai l  elsewhere.  

Pu re  bred  \Vis ta r  rats ,  e ight  weeks old, were sub jec ted  
to  whole  b o d y  i r rad ia t ion  according  to  t he  following 
schedu le - -325  r a t  200 kV, f i l ter  1 A1 plus 1/2 Cu, t a r g e t  
d is tance  50 cm, wi th  the  dose ra te  a t  36 r /min .  The init ial  
dose of 325 r was  r e p e a t e d  eve ry  24 h till the  m a x i m u m  
dose reached  1300 r. Control  r a t s  f rom the  same age group 
were kep t  and  p rov ided  wi th  the  same e x p e r i m e n t a l  con- 
d i t ions  w i t h o u t  exposure  to  X-rays .  I n d u c e d  ra t s  f rom 
di f ferent  dose levels were  sacrif iced a f te r  a week and  


