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Studies on Haemoglobin Variants and Glucose- 
6-Phosphate Dehydrogenase in Indian Sheep and 

Goats 

R e c e n t l y  we u n d e r t o o k  a n  i n v e s t i g a t i o n  on  t he  d is t r i -  
b u t i o n  of h a e m o g l o b i n  v a r i a n t s  a n d  t h e  e n z y m e  glucose- 
6 -phospha t e  d e h y d r o g e n a s e  (G6PD)  in I n d i a n  sheep  a n d  
goats.  An ima l s  of one  to t h r e e  yea r s  of age were se lected 
for th i s  s tudy .  P a p e r  e lec t rophores i s  for  t h e  s e p a r a t i o n  of 
h a e m o g l o b i n  v a r i a n t s  was  ca r r ied  o u t  b y  t he  m e t h o d  of 
SMITH a n d  CONLEY 1. G lucose -6 -phospha t e  d e h y d r o g e n a s e  
was d e t e r m i n e d  b y  t he  sc reen ing  t e c h n i q u e  of MOTULSKY 
a n d  CAMPBELL 2 as well  as b y  t h e  q u a n t i t a t i v e  t e c h n i q u e  
of MARKS 3. The  F igu re  shows t he  h a e m o g l o b i n  p a t t e r n s  in  
sheep  a n d  goat .  T h e  ana lys i s  of t he  g e n o t y p e  d i s t r i b u t i o n  
of h a e m o g l o b i n  v a r i a n t s  is de t a i l ed  in t he  Table .  

• ' tt t I t* t t  

AA AB Foetal AA BB AB 

6oats Sheep 

Distribution of two haemoglobin variants in Indian sheep and goats 

Species No. Haemoglobin Gene frequency 
tested AA AB BB Hb-A Hb-B 

Sheep I00 4 19 77 0.135 0.865 
Goat 100 85 15 Nil 0.925 0.075 

As s h o w n  b y  ear l ie r  workers  4-e, I n d i a n  sheep  a n d  goa ts  
also possess two  h a e m o g l o b i n  v a r i a n t s .  The  f r e q u e n c y  of 
gene H b - A  (0.135) in sheep  is lower  t h a n  gene H b - B  
(0.865). These  f requencies  are  c o m p a r a b l e  w i t h  those  of 
Le ices te r  b r eed  4 a n d  D u t c h  s tock  s. EVANS e t  al. 4 h a v e  
also r epo r t ed  a h i g h e r  f r e q u e n c y  of H b - A  (61%) in Scot-  
t i sh  Blackface  sheep.  T h e  p r e p o n d e r a n c e  of H b - A  a n d  i ts  
g rea t e r  a f f in i ty  to  oxygen  h a v e  b e e n  s h o w n  to  be  cha rac -  
t e r i s t i c  of sheep  s tock  of h i g h e r  a l t i t u d e s  6. P r e s e n t  f ind-  
ings of lower f r equency  of H b - A  in low a l t i t u d e  I n d i a n  
sheep s tock  are in  a g r e e m e n t  w i t h  these  obse rva t ions .  

I n d i a n  goa ts  h a v e  a lower  f r e q u e n c y  of H b - B .  No h o m o -  
zygous  B B  was d e t e c t e d  in  one  h u n d r e d  samples  w h i c h  
were inves t iga t ed .  F o e t a l  h a e m o g l o b i n  of goa ts  h a s  a 
f a s t e r  m o b i l i t y  t h a n  t h e  two  a d u l t  va r i an t s .  

Blood  samples  f rom s ix ty  sheep  a n d  fo r ty  goa ts  inves t i -  
g a t e d  for G 6 P D  showed  comple t e  absence  of th i s  enzyme,  
w h i c h  was  o the rwise  p r e s e n t  in  o t h e r  species l ike buffalo ,  
ca t t le ,  dog, horse  a n d  r a b b i t  ( u n p u b l i s h e d  o b s e r v a t i o n ) .  
T h e  absence  of G 6 P D  in sheep  a n d  goa t s  h a s  g r e a t  im-  
p o r t a n c e  in  v iew of t h e  key  role t h i s  e n z y m e  p lays  in  car-  
b o h y d r a t e  m e t a b o l i s m .  W h e t h e r  t h e  a l t e r n a t e  p a t h w a y s  
i n v o l v i n g  h i g h e r  t r a n s k e t o l a s e  (TK) a n d  t r a n s a l d o l a s e  
(TA) ac t iv i t i e s  d e m o n s t r a t e d  b y  BONSIGNORE e t  al. ~ in  
t h e  G 6 P D  def ic ien t  people  ex is t s  in  t h e  e r y t h r o c y t e s  of 
I n d i a n  sheep  a n d  goats ,  would  be  w o r t h  i nves t iga t ing .  
T h e  s tud ies  on  t h e  def ic iency  of G 6 P D  in sheep  a n d  goa ts  
a n d  i ts  possible  r e l a t i onsh ip  to  g r e a t e r  r e s i s t ance  to  
t r y p a n o s o m e  in fec t ion  s wou ld  be  s ign i f i can t  in  l igh t  of 
t h e  r e p o r t e d  re s i s t ance  of t h e  G 6 P D  def ic ien t  h u m a n  
be ings  to  ma la r i a l  p a r a s i t e s  ~,10. 

Rdsumd. D e u x  v a r i a n t e s  d ' h d m o g l o b i n e  H b - A  e t  H b - B  
o n t  6t6 d6mon t r6es  chez  le bouc  e t  le m o u t o n  Ind iens .  Les  
f r6quences  g6n6 t iques  p o u r  H b - A  e t  H b - B  son t  respec-  
t i v e m e n t  0.135 e t  0.865. 

Le f e r v e n t  d6hydrog6nase  de g lucose -6 -phospha t e  chez 
les 6 r y t h r o c y t e s  de bouc  e t  de m o u t o n  es t  ab s en t .  Nous  
a v o n s  employ6  la m 6 t h o d e  s e m i - q u a n t i t a t i v e  de  MOTUL- 
SKY p o u r  la d 6 t e r m i n a t i o n  de l ' ac t iv i t6  de d6hydrog6nase  
de g lucose -6 -phospha te .  
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~ber das Glukurons~iurekonjugat eines Cardeno- 
lidgenins (3-Epi-digitoxigenin) 

I n  v o r a n g e g a n g e n e n  A r b e i t e n  f iber die B i o t r a n s f o r m a -  
t i on  y o n  Dig i tox in  u n d  Dig i tox igen in  bei  de r  R a t t e  is t  
b e r i c h t e t  worden ,  dass  das  intermedi~tr  geb i lde te  3-Epi-  
d ig i tox igen in  m i t  G luku rons~ure  k o n j u g i e r t  wi rd  x,2. Das  
3 -Ep i -d ig i tox igen in -g lukuron id  wurde  d a m a l s  * i r r t t iml i ch  

als e ine  ch lo ro fo rml6s l i che  V e r b i n d u n g  m i t  e inem 
RDigitoxigenin-Wert v o n  0,26 ( P a p i e r c h r o m a t o g r a p h i e  i m  

1 K. REPKE und F. LAUTERBACH, Verh. Dtsch. Ges. Kreislauff. 25, 
290 (1959). 
F. LAUTEREACH und K. REPKE, Arch. exp. Path. Pharmak. 239, 
196 (1960). 
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S y s t e m  Xylo l -Methy l~ i thy lke ton  (1 : 1 ) / F o r m a m i d  3, ab -  
s te igend)  beze ichne t .  W A h r e n d  dieser  ch loroforml6s l iche  
M e t a b o l i t  e r s t  in  e iner  s p g t e r e n  M i t t e i l u n g  n g h e r  c h a r a k -  
t e r i s i e r t  we rden  soll, b e s c h r e i b e n  wir  h i e r  I so l i e rung  u n d  
V e r h a l t e n  des ch lo ro fo rmun l6s l i chen  3 -Epi -d ig i tox igen in -  
g lukuron ids .  

Zu r  D a r s t e l l u n g  wi rd  Dig i tox igen in  m i t  S c h n i t t e n  aus  
L e b e r  v o m  M e n s c h e n  (frisches O p e r a t i o n s m a t e r i a l ) ,  Ka-  
n i n c h e n  oder  (mi t  be sonde r s  g u t e n  A u s b e u t e n )  v o m  H u n d  
i n k u b i e r t  (zur M e t h o d i k  vgl.3). Das  I n k u b a t  wi rd  (nach  
Homogen i s i e r en )  zun i i chs t  m i t  Ch lo ro fo rm e x t r a h i e r t .  
Ansch l i e s send  wi rd  aus  de r  wiissr igen P h a s e  das  Eiweiss  
d u r c h  Z u s a t z  y o n  )k thanol  (1:4)  u n d  15st t indige  Aufbe-  
w a h r u n g  bei  0°C gefAllt u n d  d a n a c h  d u r c h  Zen t r i f ug i e r en  
en t f e rn t .  N a c h  V e r t r e i b e n  des Alkohols  im V a k u u m  wi rd  
die r e su l t i e r ende  L 6 s u n g  m i t  A m m o n i u m s u l f a t  v e r s e t z t  
(50 g/100 ml) u n d  m i t  . ~ t h e r - A t h a n o l  (3:1)* e r s ch6p f end  
e x t r a h i e r t .  I m  l e t z t e r en  E x t r a k t  w e r d e n  bei  pap ie rch ro -  
m a t o g r a p h i s c h e r  A u f t r e n n u n g  im S y s t e m  n - B u t a n o l :  2n 
w~ssriges A m m o n i u m h y d r o x y d  (1: 1)5 ve r s ch i edene  hoch-  
po la re  M e t a b o l i t e n  ge funden ,  wobei  s ich Spec iesun te r -  
schiede  in bezug  auf  V o r k o m m e n  oder  Menge  de r  ein-  
ze lnen  P r o d u k t e  zeigen (F igur  1). Die M e t a b o l i t e n  1-5 
ze igen n a c h  B e h a n d e l n  m i t  Tr ichloress igsAure- 'Chlor-  
a m i n '  u n d  E r h i t z e n  3 e ine gelbe  F luoreszenz  im U V - L i c h t  
u n d  b i lden  n a c h  B e s p r i i h e n  m i t  L 6 s u n g e n  v o n  m - D i n i t r o -  
benzo l  u n d  N a t r o n l a u g e  6 ohne  E r h i t z e n  eine b l a u v i o l e t t e  
Fa rbe ,  w o m i t  die U n v e r s e h r t h e i t  des B u t e n o l i d r i n g e s  bei  
d iesen  S t o f f w e c h s e l p r o d u k t e n  erwiesen  ist.  

E s t e r  hande ln .  - Die S u b s t a n z  5, die sich gleichfalls  n i c h t  
so lvo lys ie ren  11 1Asst, wi rd  a u c h  d u r c h  I n k u b a t i o n  (48 h 
bei  37°C) m i t  1400 F i s h m a n - E i n h e i t e n  f l -Glukuron idase  
(aus L e b e r  v o m  R i n d ;  Hers t e l l e r :  Scher ing  AG, Ber l in  
Wes t )  bei  p H  4.6 n i c h t  gespa l ten .  T r o t z d e m  k a n n  es sich 
(wie das  c h r o m a t o g r a p h i s c h e  V e r h a l t e n  v e r m u t e n  1Asst) 
u m  ein G lukurons~ iu rekon juga t  hande ln ,  d a  die fl-Glu- 
ku ron idase  n i c h t  al le  G l u k u r o n i d e  s p a l t e t  is. 

Der  M e t a b o l i t  4 e r s c h e i n t  bei  de r  C h r o m a t o g r a p h i e  a n  
A120 ~ in der  G l u k u r o n i d f r a k t i o n  u n d  verh~tlt  s ich a u c h  
bei  de r  V e r t e i l u n g s c h r o m a t o g r a p h i e  auf  P a p i e r  im S y s t e m  
B u t a n o l :  2 n  NH4OH = 1:16 m i t  Rf  = 0.43 wie die Glu-  
k u r o n s R u r e - K o n j u g a t e  yon  S t e r o i d h o r m o n e n  6. Bei  de r  
C h r o m a t o g r a p h i e  im S y s t e m  B u t a n o l - E i s e s s i g - W a s s e r  
(4: 1: 2) 1Asst s ich der  M e t a b o l i t  4 (Rf  = 0,82) l e ich t  yon  
GlukuronsAure  ( R f =  0.21) u n d  dessen  L a k t o n  ( R f =  0.42) 
u n t e r s c h e i d e n  (F igur  2). Die S u b s t a n z  liisst s ich n i c h t  
so lvo lys ie ren  n u n d  wird  a u c h  n i c h t  gespa l t en  d u r c h  eine 
48s t / indige  A u f b e w a h r u n g  in 0 ,025m A c e t a t p u f f e r  p H  4,6 
bei  37°C. Dagegen  f inde t  s ich n a c h  sons t  g l e i cha r t ige r  
I n k u b a t i o n  m i t  su l fa tase f re ie r  f l -Glukuronidase  (1400 E 
des  o b e n g e n a n n t e n  PrRpara t s )  im C h l o r o f o r m e x t r a k t  e in  
freies Ca rdeno l i dde r iva t .  Dieses S p a l t p r o d u k t  verh~tlt s ich 
bei  de r  p a p i e r c h r o m a t o g r a p h i s c h e n  Ana lyse  im S y s t e m  
X y l o l - M e t h y l A t h y l k e t o n  (4: 1 ) / F o r m a m i d  ~ wie a u t h e n -  
t i sches  3 -Ep i -d ig i tox igen in  (RDigitoxigenin = 0,82). Dagegen  
t r i t t  D ig i tox igen in  als S p a l t p r o d u k t  y o n  M e t a b o l i t  4 
n i c h t  auf.  Dass  n u r  3 -Ep i -d ig i tox igen in  (3:¢,14fl-Dioxy- 
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Fig. 1. Papierchromatographisches Verhalten (n-Butanol: 2n w~iss- 
riges Ammoniumhydroxyd = 1:15 , absteigend, 15 h) der mit 
~ther-Athanol (3: 1) extrahierten Metaboliten, die bei Inkubation 
yon Digitoxigenin mit Schnitten aus Leber yon Mensch (b), Kanin- 
then (c) oder Hund (d) gebildet werden. Auf Bahn a sind die fermen- 
tativ bereiteten 5 Schwefels~iure-Ester des Digitoxigenins und 3-Epi- 

digitoxigenins aufgetragen (maBstabgerechte Umzeichnung). 

Bei  de r  C h r o m a t o g r a p h i e  des  A t h e r - ) k t h a n o l e x t r a k t s  a n  
AlzOa 7 e r sche inen  die S u b s t a n z e n  1-3 in de r  Su l f a t f r ak -  
t i o n  u n d  die M e t a b o l i t e n  4 u n d  5 in  de r  G l u k u r o n i d -  
f r ak t ion .  Die S u b s t a n z e n  1 u n d  2 s ind s chon  als Schwefel-  
s i iurees ter  des Dig i tox igen ins  ode r  3 -Ep i -d ig i tox igen ins  
iden t i f i z ie r t  wordenS,  9. - Nr .  3 en th i i l t  n a c h  d e m  R h o d i -  
z o n a t - T e s t  10 ke in  Su l fa t  u n d  b l e i b t  bei  e ins t f ind iger  Sol- 
vo lyse  in  Dioxan-Tr ich loress igs i iu re  xl unges pa l t en .  W e n n  
dieser  M e t a b o l i t  ein Schwefe l s i i u rekon juga t  sein  sol l te  
(wie dies sein  c h r o m a t o g r a p h i s c h e s  V e r h a l t e n  nahe leg t ) ,  
d a n n  muss  es s ich u m  e inen  besonde r s  s chwer  s p a l t b a r e n  

Fig. 2. Papierchromatographisches Verhalten (n-Butanol-Eisessig- 
Wasser 4:1:2, absteigend, 20 h) der in der Glukuronidfraktion ge- 
fundenen Metaboliten 4 und 5 im Vergleich zu authentischer Glu- 

kurons/iure (Nr. 6) und dessert Lakton (Nr. 7). 

a F. KAISER, Chem. Ber. 88, 556 (1955). 
4 R. W. H. EDWARDS, A. E. KELLIE und A. P. WADE, Mcm. Soc. 

Endocrin. 2, 53 (1953). 
5 j .  E. BUSH, Biochenl. J. 67, 23 P (1957). 
e O. SEHINDLER und T. REICHSTEIN, Helv. chim. Acta 34, 108 

(1951). 
K. SCHUBERT und G. HOBE, Z. physiol. Chem. 32;1, 264 (1961). 

8 I. HERRMANN und K. REPKE, Arch. exp. Path. Pharmak. 243, 333 
(1962)o 

9 I. HERRMANN uDd K. REPKE, Mbcr. Dt. Akad. ~,Viss. 5, 140 (1963). 
I0 j .  j .  SCHNEIDER und M. L. LE'~VBART, J. biol. Chem. 222, 787 

(1956). 
ll S. L. COHEN ulld I. B. ONESON, J. biol. Chem. "204, 245 (1953). 
12 K.-D. VOIGT, M. LEMMER und J. TAMM, Bioehem. Z. 332, 550 

(1960). 



474  Br~ves communications - Kurze Mitteilungen EXPERIENTIA XlX[9 

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 .  
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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-  
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