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Table 3. Tunnel length and ratio of tunnel width to head capsule 
width in the 4 larval instars 

1st instar 2nd 3rd 4th 

Tunnel length 4.0 mm 7.0 8.0 12 
Tunnel width (TW) 0.26 mm 0.36 0.62 1.06 
Head capsule width (HW) 0.19 mm 0.24 0.32 0.44 
TW/HW 1.40 1.47 1.9 2.4 

artificial kernels are as successful as the  na tura l  ones in 
feeding S. oryzae. No par thenogenes i s  is prac t iced  by  
S. oryzae and virgin females do no t  lay any  egg2~ None-  
theless no failure in egg laying was encounte red  in any  of 
tile 30 pairs, which proves  t h a t  the  artificial  kernels were 
as successful in p roduc ing  efficient  males as the  na tu ra l  
ones. 
Larval and pupal periods. I00 newly hatched larvae were 
marked with car paint and put in small holes made in 
food bands with 50 unmarked ones to study their duration. 
iResults are indicated in table 2. Although temperature 
and RH were different in the present work, there is 

a lmos t  comple te  ag reemen t  be tween  the  figures t abu l a t ed  
and  those  given by  Sharifi  and Mills 4. The t abu la t ed  
figures also show t h a t  mark ing  the  larvae by  pa in t  m a y  
increase mor ta l i ty ,  which,  however ,  was high in the  first  
ins ta r  whe the r  marked  by  p a i n t  or not.  The high per-  
centage  (70.2%) of mor t a l i t y  in larvae h a t ch i n g  on sur- 
face of food bands  is a t t r i b u t e d  to inabi l i ty  of the  ha t ch -  
ing larvae  to bi te  into the  band  surface;  larvae h a t c h i n g  
f rom eggs placed in holes in the  food bands  could bi te  into 
the  wails of the i r  holes. Their  mor t a l i t y  percen tages  were 
far less (37.5%) t h a n  those  of t r ans fe r red  f irs t  ins ta r  
larvae (47-50%) ; this  m a y  indicate  t h a t  normal ly  mor-  
t a l i ty  in the  first  ins ta r  is no t  as h igh  as indica ted  in these  
exper imen t s  (47-50%). The occurrence of mol t ing  in the  
di f ferent  ins tars  was recognized by  the  absence of the  
marks  f rom mol ted  larvae and  the  presence of cas t  head  
capsules. Head  capsules and tunne l  wid ths  of 10 larvae 
each of the  4 ins tars  were measured  (table 3). The ra t io  
of tunne l  w id th  to wid th  of the  head  capsule is no t  con- 
s tan t ,  as it  increases s l ight ly in the  first  2 ins tars  and  
ab rup t iy  in the  th i rd  and  the  four th .  This  m a y  serve tile 
fu ture  r equ i r emen t  of the  n e x t  s tages or it  allows the  
four th  ins ta r  to t u rn  head  to tai l  in its tunnel .  

20 D.L. Hoover and E. H. Floyd, Ann. Soc. Am. 58, 565 (1965). 
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Summary .  After  cont inuous  myocard ia l  ischemia, ATP and CP are bo th  depressed.  A di f ferent  p a t t e r n  is exhibi ted  m 
the course of i n t e r m i t t e n t  coronary  perfusion.  The drop  in ATP stores is no t  avoided,  but  progressive rise in CP con ten t s  
is observed.  

I schemia  has repea ted ly  been d e m o n s t r a t e d  to produce  
d ramat ic  changes  in myocard ia l  funct ion,  cell s t ruc tu re  
and metabol ism.  Some da t a  suppor t  the  fact  t h a t  shor t  
adequa te  coronary  perfusion,  associated wi th  periods of 
ischemic arrest ,  could offer the  advan tage  bo th  of easy 
opera t ive  condi t ions  and of reduced myocard ia l  in jury  
when compared  to cont inuous  aortic cross-c lamping 2,a. 
Such a concep t  m a y  at  f irst  appear  valuable.  Coronary  
perfus ion supplies subs t ra tes ,  namely  glucose, and  eli- 
mina tes  acidic componen t s  which m a y  po t en t i a t e  the  
deleter ious effects of ischemia,  par t icu lar ly  the loss of 
in tegr i ty  of mi tochondr i a  4. Conversely r eoxygena t ion  
has been shown to enhance  some damage  caused by  
ischemia,  such as d i s rup t ion  of p la sma  m e m b r a n e  asso- 
c ia ted wi th  enzyme release 5. 
One of the  effects of ischemia is the  impai red  abi l i ty  to 
genera te  energy, a fact  which is d e m o n s t r a t e d  by  the  
decrease of high energy  phospha t e  levels in the  pos t -  
ischemic period.  For  Sakai ~, the  more  the  myocard ia l  
ATP  is decreased the  more  the  ra te  of enzyme release is 
increased.  In this  s tudy,  the  effect  of i n t e r m i t t e n t  coro- 
na ry  perfusion on the  levels of A T P  and CP dur ing  a 
series of ischemic and reperfusion periods was  examined .  
A gradual ly  increasing accumula t ion  of CP was demon-  
s t ra ted .  
Material and methods. 7 mongrel  dogs, weighing 20-25 
kg, were studied.  Each  dog was anaes the t ized  wi th  
pen tobarb i t a l  (20 mg/kg).  After  t racheal  in tuba t ion ,  

ven t i la t ion  was achieved wi th  a volume control led 
respirator .  The animals  u n d e r w e n t  r igh t  t h o r a c o t o m y  
th rough  the  four th  in tercosta l  region. Hepa r in  (3 mg/kg) 
was admin i s t e red  and the  animals  were s u b m i t t e d  to  
ex t racorporea l  hear t - lung  bypass .  A bubble  oxygena to r  
wi th  a hea t  exchanger  p r imed  wi th  Ringer  in order  to 
reduce the  hema toc r i t  a round  25% was used. The t em-  
pe ra tu re  was ma in t a ined  a t  37 ~ and ar ter ia l  pressure,  
pH,  pO2 and  pCO2 were moni to red  dur ing  the  whole 
procedure.  The hea r t  was exposed  in order  to have  an 
easy approach  to the  left ventr ic le  avoiding any  fu r the r  
handl ing  of the  hear t .  The aor ta  was cross-c lamped for 
15 min and then,  by  releasing the clamp, reperfusion was 
in i t ia ted  for 3 min at  a pressure  of 80 m m  Hg.  Dur ing  
reperfusion,  ineffect ive and irregular,  hea r t  beats  could be 
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observed,  Dur ing  ischemia and  reperfusion,  left vent r i -  
cular myocard ia l  biopsies were done wi th  a drill t echn ique  
descr ibed by  Schwartz7 on the  left  ven t r icu la r  wall. The 
first  sampl ings  were made  on the  apex, following ones 
were pe r fo rmed  moving  up to base. The average weigh t  
of the  samples  was 50 mg. A T P  and CP were assayed 
spec t ropho tomet r i ca l ly  by  the  Fawaz  m e t h o d  8 and  
lac ta te  by  the  I luorometr ic  t echnique  of LowryL  

F/A Aortic cross clamping(15min) 
I Reperfusion period 

/ 

0 - - #  ' ~ , ,~' " 

1'6 18 34 36 52 54 70 72 88 90min 
Time 

Fig. 1. Tissue ATP content during successive isel~emic arrests and 
reperfusions. Each point represents the mean for 7 hearts and the 
bars represent SEM. 
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Fig. 2. Tissue lactate content during successive arrests and reper- 
fusions. Each point represents the mean for 7 hearts and the bars 
represent SEM. 

Results. Figure 1 shows the  drop  in A T P  during ischemic 
periods followed by  par t ia l  resynthes is  dur ing reperfusion.  
This demons t r a t e s  t h a t  i n t e r m i t t e n t  coronary  reper-  
fusion did no t  p r e v e n t  A T P  fall dur ing  ischemia. Af te r  
45 min, 50% of init ial  level has  a l ready  disappeared.  
The average synthes is  ranges  a t  abou t  25% of the  value 
before reperfusion.  Figure  2 shows the  evolut ion of t issue 
lactate ,  Af ter  3 rain, no r e tu rn  to init ial  s ta te  is achieved.  
This  migh t  indicate  e i ther  incomple te  washou t  and /or  
insuff icient  re tu rn  to the  aerobic s ta te .  This shows t h a t  
acidosis will pers is t  in the  myocard ia l  t issue despi te  
reperfusioni  F u r t h e r  expe r imen t s  showed t h a t  10 min 
at  least  were necessary  to  observe a r e tu rn  to basic 
condit ions.  I t  m u s t  be no ted  t h a t  glycolytic rate  increased 
over  the  successive periods,  since lac ta te  p roduc t ion  
var ied s ignif icant ly  f rom 9 b~M/g to 13 FM/g wet  weight  
a t  the  end of the  f i f th  ischemic period.  The mos t  s t r iking 
fact  is t h a t  dur ing this  procedure  of myocard ia l  'pro-  
tec t ion ' ,  an unusual  p a t t e r n  of CP resynthes is  was 
observed (figure 3). All values  d ropped  ab rup t ly  dur ing 
the  ischemic per iod and the  same low value of 1 btM was 
reached  w h a t ev e r  the  init ial  values. Resyn thes i s  rapidly  
took  place, leading to  h igher  con ten t s  each t ime.  So, a t  
the  end of 90 min,  the  initial  value has doubled.  In  order  
to apprec ia te  w h e t h e r  th is  p h e n o m e n o n  was t rans ien t ,  
in some cases dura t ion  of reperfusion was lenghtened  up 
to 30 rain, bu t  CP always remained  at  the  level reached 
af ter  3 min.  
In  this  work,  it  was shown t h a t  i n t e r m i t t e n t  coronary  
perfus ion is unable  to preserve  the  cell A T P  potent ia l .  
These results  are in s t rong ag reemen t  wi th  the  work of 
others.  Such an i m p a i r m e n t  occurs be tween  the  5th and 
15th mini~ The s t r ik ing fact  is the  progressive increase 
in CP levels af ter  each recovery  period.  At  the  end, i t  
cor responds  to the  ent i re  convers ion of creat ine into 
creat ine  phospha t e  11. General ly  when  CP was s tudied  
af ter  reperfusion following longer ischemic arres ts  its 
level was found depressed 12, la. Kiibler  has  d e m o n s t r a t e d  
a d i rect  re la t ionship be tween  resynthes ized  CP and  A T P  
a t  the  end of arrest .  Never theless ,  a rise in CP averaging 
1 b~M/g w/w over  init ial  level a f ter  shor t  per iods  of 
anoxia  has  been repor ted  14. The reason why  such a 
p h e n o m e n o n  occurs has no t  ye t  been demons t ra t ed ,  b u t  
the  fact  t h a t  the  hea r t  is no t  working m a y  be the  cause. 
On KCl-arrested,  well-arrested,  wel l -oxygenated  and 
e m p t y  hear ts ,  Hass inen  15 and Lochner  16 have observed a 
modera t e  increase of CP, and Hearse  17 a sharp one. On 
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Fig. 3. Tissue CP content during successive arrests and reperfusions. 
Each point represents the mean for 7 hearts and the bars represent 
SEM. 

7 K. Schwartz, P. Rey, Bui-Mong-Hung and M. De Mendonea, 
J. molec. Cell. Cardiol. 5, 235 (1973). 

8 E.N. Fawaz, G. Fawaz and K. Von Dahl, Proc. Soc. exp. Biol. 
Med. 109, 38 (1962). 

9 O.H. Lowry, J. V. Passonneau, F. X. Hasselberger and D. W. 
Schulz, J. biol, Chem. 239, (1), 18 (1964). 

10 T. F. McDonald and D. P. MeLeod, Pflugers Arch. Eur. J. 
Physiol. 325, 305 (1971). 

11 A.C. Fox, N. S. Wikler and G. E. Reed, J. Clin. Invest. dd (2), 
202 (1965). 

12 W. Ktibler and P. G. Spieckermann, Cardiology 56, 100 (1971). 
13 G. P; Sharma, K. G. Varley, S. W. Kim, J. Barw'insky, M. 

Cohen and N. S. Dhalla, Am. J. Cardiol. 35, 234 (1975). 
14 W. Isselhard, W. Maurer, W. Stremmel, J, Krebs, H. Schmitz, 

H. Neuhof and A. Esser, Pflugers Arch. Eur. J. Physiol. 316, 
164 (1970). 

15 I .E .  Hassinen and K. Hiltunen, Biochem. biophys. Acta 408, 
319 (1975). 

16 W. Lochner, G. Arnold and E. R. Muller Ruehholtz, Am. J. 
Cardiol. 22, 299 (1968). 

17 D.J.  Hearse, D. A. Stewart and M. V. Braimbridge, Circulation 
Res. 36, 481 (1975). 



15.4. 1977 Speeialia 465 

all  cases ,  t h e  A T P - c o n t e n t s  w e r e  n o r m a l .  I t  h a s  b e e n  
s u g g e s t e d  t h a t  s u c h  a C P  s t o r a g e  is d u e  to  i m b a l a n c e  
b e t w e e n  p r o d u c t i o n  a n d  u t i l i z a t i o n .  H e r e  t h e  s i t u a t i o n  
m a y  a p p e a r  d i f f e r e n t ,  s i nce  t h e  h e a r t s  we re  n e i t h e r  f u l l y  
e m p t y  n o r  c o m p l e t l y  a r r e s t e d  a n d  t h e  A T P  leve l s  we re  
low. A b l o c k a g e  in  t h e  t r a n s f e r  b e t w e e n  t h e  2 C P  c o m -  
p a r t m e n t s  is m o r e  l i ke ly  is. I f  we r e fe r  to  L o h m a n n s  
r e a c t i o n  : 

ATP + C,~- CP + ADP. 

T h e  o p t i m u m  p H  in  t h e  d i r e c t i o n  of  C P  f o r m a t i o n  is 
8.00 a n d  6.4 for  t h e  r e v e r s e  r e a c t i o n .  A f t e r  i s c h e m i a ,  t h e  
i n t r a c e l l u l a r  p H  is l o w e r e d  19 m a i n l y  b y  a c c u m u l a t i o n  of  
l ac t i c  ac id .  T h e  w a s h o u t  c u r v e s  p r e s e n t e d  h e r e  s h o w  t h a t  
C P  r e s y n t h e s i s  is a c h i e v e d  a t  a t i m e  w h e n  h i g h  leve ls  of  
t h i s  m e t a b o l i t e  a re  s t i l l  p r e s e n t .  I t  t h e n  a p p e a r s  p a r a -  
d o x i c a l  t h a t  t h e  r e s u l t s  s h o u l d  f a v o u r  t h e  f o r w a r d  
r e a c t i o n .  C o n c e r n i n g  t h e  m i t o c h o n d r i a  o n e  m a y  p o s t u l a t e  
e i t h e r  a loca l  r i se  in  c r e a t i n e  2o, or  m o r e  p r o b a b l y  t h e  f a c t  
t h a t  A D P  s t o r e  is p r o g r e s s i v e l y  r e d u c e d ,  i m p l y i n g  i t s  
r a p i d  u t i l i s a t i o n  as  soon  as  i t  is g e n e r a t e d  for  o x i d a t i v e  
p h o s p h o r y l a t i o n .  

N e v e r t h e l e s s ,  t h i s  r e s y n t h e s i s  of  C P  i s  i n d i c a t i v e  of  a n  
a c t i v e  o x i d a t i v e  p h o s p h o r y l a t i o n  as  b o t h  t h i s  l a t t e r  
r e a c t i o n  a n d  c r e a t i n e  k i n a s e  a c t i v i t y  a r e  l i n k e d .  T h e  
i n a b i l i t y  to  r e c o v e r  n o r m a l  A T P  c o n t e n t s  m a y  t h e n  be  
d u e  to  r a p i d  d e g r a d a t i o n  a t  t h e  e n d - p r o d u c t  s t a g e  of  A T P  
r a t h e r  t h a n  to  m i t o c h o n d r i a l  d a m a g e  as  o b s e r v e d  a f t e r  
l o n g e r  p e r i o d s  of  i s c h e m i a .  So i n t e r m i t t e n t  c o r o n a r y  
p e r f u s i o n  s e e m s  to  p r o t e c t  t h e  m i t o c h o n d r i a  f r o m  t h e  
e f f ec t  of  a n o x i a .  W h e t h e r  t h i s  is bene f i c i a l  to  t h e  h e a r t  
is d e b a t a b l e .  K a m m e r m i e r  2t h a s  o b s e r v e d  a n o r m a l  
f u n c t i o n  on  h e a r t s  w i t h  h i g h  C P  a n d  low A T P  levels .  I n  
o u r  e x p e r i m e n t s ,  h e a r t s  w i t h  s u c h  a h i g h  e n e r g y p h o s p h a t e  
p a t t e r n  fa i l ed .  
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Summary. E v e r t e d  s a c s  of  i n t e s t i n e  f r o m  H e l i x  p o m a t i a  do  n o t  a c t i v e l y  t r a n s f e r  g lucose ,  g a l a t o s e ,  m e t h i o n i n e ,  a l a n i n e ,  
a s p a r a g i n e ,  a s p a r t i c  a c i d  or  p r o l i n e  f r o m  t h e  m u c o s a l  to  s e r o s a l  s u r f a c e s .  T h e  p r i n c i p a l  f u n c t i o n  of  t h e  i n t e s t i n e  a p p e a r s  
to be  t h e  r e a b s o r p t i o n  of  w a t e r .  

T h e  m o l l u s c a n  i n t e s t i n e  is u s u a l l y  a l o n g  a n d  c o n s p i c u o u s  
o r g a n  a w h i c h  a c o n s e n s u s  of  o p i n i o n ,  s u m m a r i z e d  b y  
Y o n g e 4 ,  ~, c o n s i d e r s  to  be  a p a s s i v e  c o n d u i t  c o n c e r n e d  
a l m o s t  e x c l u s i v e l y  w i t h  t b e  f o r m a t i o n  a n d  e l a b o r a t i o n  of 
f aeca l  p e l l e t s  a n d  t h e i r  t r a n s p o r t  to  t h e  a n u s .  T h i s  ' c l ass ic  
t h e o r y '  ~ of  t h e  f u n c t i o n  of  t h e  m o l l u s c a n  a l i m e n t a r y  cana l ,  
in  w h i c h  t h e  i n t e s t i n e  is a s s i g n e d  a p r o s a i c  role,  h a s  b e e n  
r e i t e r a t e d  - o r  n o t  s e r i o u s l y  q u e s t i o n e d  - in  a n u m b e r  of  
r e c e n t  r e v i e w s  7 1o. 

T h e  p r i n c i p a l  e v i d e n c e  a g a i n s t  t h i s  v i e w  h a s  c o m e  f r o m  
s t u d i e s  b y  L a w r e n c e  a n d  h i s  c o l l e a g u e s  ~-~8 on  t h e  c h i t o n  
C r y p t o c h i t o n  s te l le r i  w h e r e  t h e  i n t e s t i n e  w a s  f o u n d  to  
a c t i v e l y  a b s o r b  a m i n o  ac ids ,  s u g a r s ,  o r g a n i c  b a s e s  a n d  
p r o b a b l y  i n o r g a n i c  ions ,  b y  m e c h a n i s m s  c o u p l e d  to  cel- 
l u l a r  m e t a b o l i s m  a n d  s h o w i n g  s i m i l a r i t i e s  to  t h o s e  of  t h e  
v e r t e b r a t e  g u t .  

I n  r e f u t i n g  c o n c l u s i o n s  f r o m  ea r l i e r  w o r k  ~9 o n  t h e  c h i t o n  
i t  w a s  s h o w n  t h a t ,  w i t h o u t  s u p p o r t i n g  q u a n t i t a t i v e  d a t a ,  
h i s t o l o g i c a l  a n d  h i s t o c h e m i c a l  s t u d i e s  a r e  n o t  a d e q u a t e  
for  a r i g o r o u s  d e m o n s t r a t i o n  of n u t r i e n t  a b s o r p t i o n .  Con -  
s e q u e n t l y ,  t h e  f i n d i n g s  of  o t h e r  s t u d i e s ,  s i m i l a r l y  b a s e d  
u p o n  q u a l i t a t i v e  o r  s e m i - q u a n t i t a t i v e  m e t h o d s  we re  a lso  
q u e s t i o n e d .  I t  h a s  b e e n  p r o p o s e d  t h a t  a b s o r p t i v e  m e -  
c h a n i s m s ,  s i m i l a r  to  t h o s e  in c h i t o n s ,  m a y  o c c u r  in  t h e  g u t  
of  o t h e r  m o l l u s c s  12, i n c l u d i n g  p u l m o n a t e s  20. 

T h i s  p a p e r  c o n s i d e r s  t h e  c o m p e t e n c e  of  t h e  i n t e s t i n e  of  
t h e  p u l m o n a t e  m o l l u s c  (He l i x  p o m a t i a )  to  a b s o r b  a m i n o  
a c i d s  a n d  h e x o s e s  in  v i t r o .  T h e r e  is a d i s t i n c t i o n  to  be  
m a d e  b e t w e e n  a b s o r p t i o n  i n t o  t h e  t i s s u e ,  a g e n e r a l  
f e a t u r e  of  l i v i n g  cells,  a n d  a b s o r p t i o n  i n t o  a n d  a c r o s s  t h e  
g u t  wal l ,  a f u n c t i o n  of  t i s s u e  s p e c i a l i z e d  for  t h e  a s s i m i l a -  
t i o n  of n u t r i e n t s  i n t o  t h e  a n i m a l .  F a i l u r e  to  r e c o g n i z e  
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