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exopodi tes  of t he  pleopods.  The re  are  large n u m b e r s  of 
pores  on t he  s t e r n a  of t he  a b d o m e n ,  p a r t i c u l a r l y  a r o u n d  
t he  bases  of t he  p leopods  and  nropods .  I t  is i n t e re s t ing  
to  no te  t h a t  all  tb, e pores  face an t e r io r ly  - facing t he  
open ings  of t he  two oviducts .  Th i s  s i t ing  of t he  pores  
is p a r t i c u l a r l y  s ign i f ican t  w h e n  cons ider ing  t he  a r c h e d  
cond i t ion  of t he  a b d o m e n  d u r i n g  spawning  - fo rming  t he  
egg chamber .  The  open ings  of the  glair  g lands  are  qu i t e  
cha rac t e r i s t i c  and  differ  f rom t he  pores  of t he  in tegu-  
m e n t a l  glands,  wh ich  n e v e r  occur  as groups.  A h a n d  
sect ion t h r o u g h  a pore  region,  v iewed u n d e r  t he  scanner ,  
shows clearly,  well  deve loped  duc ts  lead ing  in to  t he  glair  
g lands  (Figure  lg).  T ransve r se  sect ions  t h r o u g h  t he  pore  
reg ion  (Figure  2a) strows t h a t  t he  duc t s  emerg ing  f rom 
the  glair  g lands  merge  to fo rm a rough ly  spher ica l  c h a m b e r  
w i t h i n  t he  in tegu .ment  a n d  i t  is in  these  c h a m b e r s  t h a t  
glair  is s tored  un t i l  exuded .  T he  duc t s  r a m i f y  t h r o u g h  t he  
en t i r e  g l and  (Figure 2b), l ead ing  f ina l ly  in to  t he  in tegu-  
m e n t a r y  chambers .  I t  is th i s  mass  of glair, in  t h e  large 
n u m b e r s  of c h a m b e r s  w i t h i n  t he  v e n t r a l  i n t e g u m e n t ,  
t h a t  gives t h e  c r e a m y  colour  to  t he  female  a b d o m e n  in 
Sep tember .  Glai r  g lands  a n d  pores  f i rs t  a p p e a r  in t he  
females  of A. pallipes in  t he  second S e p t e m b e r  of t h e i r  
lives. Pores  a p p e a r  in  t he  i n t e g u m e n t  a f t e r  the  f inal  m o u l t  
before  spawning .  So these  pores  a n d  g lands  c o u l d  be  
looked u p o n  as be l a t ed ly  a p p e a r i n g  s econda ry  sexual  
charac ter i s t ics .  Also deve loped  ear ly  in  t he  life of t he  
female  are t he  oosetae,  se tae  special ized for egg a t t a c h -  
men t .  These  oose tae  (Figures  2c and  d) are  f o u n d  on  t h e  
p leopods  a n d  s t e r n a  of females  nea r  t he  glair  g lands  and  
t h e i r  openings ,  inc reas ing  in n u m b e r  as t he  crayf ishes  
grow larger.  

P rox imal ly ,  t he  oosetae  are s m o o t h  (Figure 2e), w i t h  a 
p r o n o u n c e d  groove in t he  sha f t ;  i t  m a y  be  t h a t  p a r t  of t he  
glair  moves  up  t he  sha f t  to  p l ay  some role in  t h e  a t t a c h -  
m e n t  of t he  eggs. Di s t a l ly  t he  oose tae  are f la t  in  sect ion,  
bea r i ng  ve ry  f ine setules  (Figure 2d) a n d  i t  is these  
setules  w h i c h  become  i n t i m a t e l y  a t t a c h e d  to  t h e  eggs. 
Af te r  egg laying,  t h e  g lands  pers i s t  u n t i l  la te  J u l y  
becoming  inconsp icuous  fol lowing a n  ear ly  Augus t  moul t ,  
w h i c h  t akes  place  w h e n  t he  h a t c h l i n g s  h a v e  become  
to t a l l y  i n d e p e n d e n t .  Soon a f t e r  t he  g lands  s t a r t  develop-  
ing aga in  in p r e p a r a t i o n  for a n o t h e r  spawning.  

Zusammen/assung. I n  de r  D e c k h a u t  des sexuell  ge- 
r e i f t en  "Weibchens y o n  A. pallipes t r e t e n  P o r e n g r u p p e n  
auf. Diese P o r e n  t iber lagern  die Schleimdri isen,  die 
w/~hrend des La ichens  grosse Mengen  Schle im produz ie -  
t en .  Die P o r e n  u n d  Dri isen be f inden  sich au f  d e m  U n t e r -  
leib u n d  den  P leopoden  ; die Oosetae,  die znr  E i a b l a g e r u n g  
dienen,  be f inden  sich ebenfa l ls  a n  diesen Stellen.  Dies s ind 
s eknndgre  sexuelle Charak te r i s t ika ,  die eng  m i t  d e m  
Legen  n n d  de r  Ablage  de r  E i e r  v e r b u n d e n  sind.  
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T h e  Effect  of  D ie tary  V i t a m i n  E on  G l u t a t h i o n e - I n d u c e d  Liver  M i t o c h o n d r i a l  
S w e l l i n g  f r o m  Mice  T r e a t e d  w i t h  3 ' - 4 - M e t h y l - 4 - D i m e t h y l a m i n o a z o b e n z e n e  

The  ac t ion  of V i t a m i n  E as a n  i n h i b i t o r  of chemica l  
carc inogenes is  ha s  been  u n d e r  d i spu te  for several  years ,  
w i th  ev idence  a p p e a r i n g  b o t h  s u p p o r t i n g  a n d  oppos ing  
t he  c la im 1-a These  r epor t s  sugges t  t h a t  l ip id  p e r o x i d a t i o n  
resu l t s  f rom t h e  s tresses  of chemica l  ca rc inogens  and  t h a t  
v i t a m i n  E as a l ip id  a n t i - o x i d a n t  m i g h t  confer  p ro tec t ion .  
V i t a m i n  E has  also b e e n  shown  to reduce  t he  depress ing  
effects of t he  ca rc inogen  u r e t h a n e  on  m i t o c h o n d r i a l  
r e sp i r a t ion  4 a n d  to ca ta lyze  d rug  de tox i f i ca t ion  5. 

S tudies  of t he  ear ly  s tages  of carcinogeneMs as i nduced  
b y  3 ' - m e t h y l - 4 - d i m e t h y l a m i n o a z o b e n z e n e  (3-Me-DAB) 
cons idered  t he  large a m p l i t u d e  swell ing a n d  c o n t r a c t i o n  
of r a t  l iver  m i t o c h o n d r i a  6, L T he  degree of swell ing a n d  
c o n t r a c t i o n  decreased  m a r k e d l y  a f t e r  4 weeks  of car-  
c inogen  feeding,  a f t e r  wh ich  t i m e  v o l u m e  changes  re- 
t u r n e d  to  nea r  n o r m a l  levels. F u r t h e r ,  i t  was  f o u n d  t h a t  
if t h e  ca rc inogen  was fed for  up  to  4 weeks a n d  t h e n  
d i scon t inued ,  t h e  inc idence  of t u m o u r s  a f t e r  a 7 - m o n t h  
i n c u b a t i o n  per iod  was low. However ,  if t h e  3-Me-DAB 
was fed for 5 weeks a n d  t h e n  d i scon t inued ,  t he  l a t e r  
inc idence  of t u m o u r s  rose sharp ly .  There fore  t he  4-week 
swell ing and  c o n t r a c t i o n  m i n i m u m  is cor re la ted  w i t h  t h e  
i r revers ib le  i n d u c t i o n  of cancer  a f t e r  t he  5-week feeding 
period.  

V i t a m i n  E is a c c u m u l a t e d  b y  m i t o c h o n d r i a l  m e m -  
b ranes  8 and  affects  m i t o c h o n d r i a l  func t ions% however ,  
t he re  is no  i n f o r m a t i o n  conce rn ing  t h e  large a m p l i t u d e  
swell ing of l iver  m i t o c h o n d r i a  f rom V i t a m i n  E-def ic ien t  
an imals .  V a r i o u s  subs t ances  inf luence  swell ing a n d  

c o n t r a c t i o n  of i so la ted  l iver  m i t o c h o n d r i a ;  g l u t a t h i o n e  is 
of p a r t i c u l a r  i n t e r e s t  in  v iew of r ecen t  i n v o l v e m e n t  of 
v i t a m i n  E a n d  t h e  g l u t a t h i o n e  pe rox idase  sys t em asso- 
c ia ted  w i t h  t he  m i t o c h o n d r i a  10. 

Methods and materials. 1. Care a n d  feeding of an imals .  
Male a lb ino  mice (Canad ian  Breed ing  F a r m s  a n d  Labo-  
ra tor ies  Ltd.)  a t  t he  wean ing  s tage  were d iv ided  in to  
2 groups  and  fed a d  l i b i t u m  a low v i t a m i n  E d ie t  (Nutr i -  
t i ona l  B iochemica l  Co.), or t he  same  d ie t  w i t h  v i t a m i n  E 
s u p p l e m e n t e d  in the a m o u n t  of 200 un i t s  DL-~-tocophero1 
ace t a t e  pe r  kg food. This  feeding reg ime was c o n t i n u e d  
for 7 weeks  a f t e r  wh ich  t i m e  v i t a m i n  E def ic iency was  
d e t e r m i n e d  w i t h  a h y d r o g e n  pe rox ide  red  b lood  cell 
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haemolysis  t e s t  n.  F r o m  the  8th to 20th week 3-Me-DAB 
was added  to  the  diets  of hal f  the  animals  in b o t h  the  
v i t amin  E-def ic ien t  and  s u p p l e m e n t e d  groups yielding 
0.06% 3-Me-DAB (w/w). 

2. Mitochondr ia l  swelling and cont rac t ion .  Pe rcen tage  
l iver mi tochondr ia l  swelling and con t rac t ion  was de- 
t e rmined ,  as descr ibed elsewhere% Mitochondr ia  were 
p repa red  a t  var ious  t imes  following ini t ia t ion of 3-Me-DAB 
feeding over  a 90-day t ime  course. 

Results and discussion. No dis t inc t  swelling m i n i m u m  
was observed in mice on the  3-Me-DAB diet  as was  
previous ly  repor ted  by  ARcos 8 in rats .  There was, 
however,  a sl ight decrease in the  swelling of mi tochondr i a  
f rom 3-Me-DAB mice in compar i son  to  the i r  respect ive  
controls  (Table I). I t  has  been shown t h a t  3-Me-DAB 
interferes  w i th  t he  b iochemical  in tegr i ty  of mouse  l iver 
mi tochondr i a  in v i t ro  ~2; however ,  one can reconcile th is  
a p p a r e n t  lack of effect  o~ the  carcinogen on mi tochondr ia l  
swelling. I t  has  been  found t h a t  3-Me-DAB acts  by  
b inding  to  specific sites on the  ra t  l iver mi toehondr i a  6, ~a 
and  these  sites m a y  be fewer or no t  of sui table  conforma-  
tion. I t  is also possible t h a t  a swelling m i n i m u m  occurs 
af ter  the  90-day sampl ing  time6. 

The 3-Me-DAB-fed mice d isplayed sl ight ly decreased 
swelling (p < 0.10). There  was  no s ignif icant  in te rac t ion  
be tw een  v i t amin  E and  3-Me-DAB t r e a t m e n t s  as ind ica ted  
by  tw o-w ay  analysis  of variance.  

The mos t  d rama t i c  difference in mi tochondr ia l  swelling 
was observed be tween  mice on v i t amin  E-def ic ien t  diets  
and  the i r  coun te rpa r t s  on v i t amin  E - s u p p l e m e n t e d  diets.  
Glu ta th ione- induced  swelling of mi tochondr i a  was  grea t ly  
reduced  in t he  v i t a m i n  E-def ic ient  nrice. As swelling is a 
membrane - l i nked  fnnction~% the  mi tochondr ia l  m e m -  
b rane  was u n d o u b t e d l y  the  si te af fec ted  by  v i t ami n  E 
deficiency. Outer  and inner  m e m b r a n e s  isolated f rom the  

Table I. Percentage swelling of mouse liver mitochondria in tile 
presence of 7 x I0 -~ M glutathione 

Vitamin E Vitamin E Vitamin E Vitamin E 
supplemented supplemented deficient deficient 

with 3-Me-DAB with 3-N[e-DAB 

N 6 13 7 13 
81.6% 77.5% 72.5% 71.1% 

S.D. 3.14% 3.39% 4.30% 4.41% 

liver mi tochondr i a  of ducks ma in t a ined  on a v i t ami n  E-  
def ic ient  diet  were found to  have  a cri t ical  loss of un- 
s a tu ra t ed  f a t t y  acids resul t ing  in specific s t ruc tu ra l  
damagerS. Ano the r  s tudy  showed t h a t  l iver homogena te s  
f rom v i t ami n  E-def ic ien t  ra t s  had  a lipid perox ida t ion  
level 4.5 t imes  greater  t h a n  n o rma l ~ t  The an t i ox idan t  
funct ion  of v i t ami n  E in the  p reven t ion  of lipid peroxida-  
t ion would appear  to  be involved in the  previous s tudy.  
Mi tochondr ia  of ra t s  on v i t amin  E-def ic ient  diets  have  
also been  found to  be h y p e r t r o p h i e d  17 and  to  have  
hern ia t ions  of the  ou te r  m e m b r a n e s  is. V i t ami n  E defi- 
c iency in ra t s  has  also been  shown to cause loss of respi-  
r a to ry  control  in liver mi tochondr i a  which was a t t r i bu t ed  
to changes  in m e m b r a n e  structure~9. 

No signif icant  di t ferences in mi tochondr ia l  con t rac t ion  
were observed (Table II).  Other  s tudies  have  shown t h a t  
mi tochondr i a  swollen wi th  reduced  g lu ta th ione  failed to 
con t rac t  upon  the  addi t ion  of ATP2% This  effect  was 
t raced  to  the  d e t a c h m e n t  of a p ro te in  f rom the  mi to-  
chondr ia  by  the  g luta th ione.  Cont rac t ing  mi tochondr i a  in 
our s tudy  were p ro b ab l y  inf luenced by  this  phenomenon ,  
resul t ing in the  mask ing  of any  d ie t a ry  effects on degree 
of cont rac t ion .  

In  summary ,  no discrete  swelling m i n i m u m  occurred in 
g lu ta th ione- induced  mi tochondr ia l  swelling in mice fed 
3-Me-DAI3 for per iods  up to  12 weeks in con t ras t  to  ra t s  
which  d isp lay  a swelling m i n i m u m  a t  4 weeks under  
similar  condit ions.  V i t amin  E s ta tus  has  l i t t le effect  
on the  sl ight  swelling decrease caused by  3-Me-DAB, and  
v i t ami n  E deficiency caused a marked  decrease in the  
abi l i ty  of l iver mi tochondr i a  to  swell in the  presence  of 
g luta th ione.  

Rdsumd. On a mesur6 l 'effet  de la v i t amine  E sur 
l ' induc t ion  du gonf lement  caus6 par  le g lu ta th ion  sur les 
mi tochondr ies  isol6es du foie de souris qui  ava ien t  6t6 
nonrr ies  de 3-Me-DAB p e n d a n t  12 semaines.  Le 3-Me- 
D A B  n ' a  pas  influenc6 le gonf iement  des mi tochondr ies ;  
I 'absence de v i t amine  E a p rodu i t  une  r6duct ion  du 
gonf lement .  
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Two-Way analysis of variance: F(Vit. E) = 30.7, p < 0.005; 
F(3-Me-DAB) = 3.15, p % 0.10; F(interaetion) = 0.90, p > 0.25. 

Table II. Percentage contraction of swollen mouse liver mitochondria 
in the presence of 5 • 10 .8 M ATP and 3 • 10 .8 M MgC12 

Vitamin E Vitamin E Vitamin E Vitamin E 
supplemented supplemented deficient deficient 

with 3-Me-DAB with 3-Me-DAB 

N 6 13 7 13 
X 45.7% 48.3% 48.4% 48.6% 
S.D. 2.01% 3.44% 3.72% 2.95% 

Two-Way analysis of variance: no significant differences. 
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