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Summary. A r t i f i c i a l  k e r n e l s  a n d  food  b a n d s  (1 m m  th i ck )  s t r e t c h e d  on  c o n c a v e  m i c r o s c o p i c  s l ides  p r o v e d  i n v i t i n g  a n d  
v e r y  s u i t a b l e  for  o v i p o s i t i o n  a n d  for  c o m p l e t i n g  t h e  life cyc l e  of  S i t o p h i l u s  o r y z a e  (L.).  T h i s  a r t i f i c i a l  m e d i u m  c o n t a i n s  
j e l ly* ,  w h e a t  f lou r  a n d  c o r n  oil, i t s  m o i s t u r e  c o n t e n t  is 1 8 . 1 % .  T h i s  is t h e  f i r s t  t i m e  i t  w a s  p o s s i b l e  to  b r e e d  a n  i n s e c t  
o n  a r t i f i c i a l  m e d i a  on  g l a s s  s l ides .  

I t  is t h e  a i m  of t h i s  w o r k  to  b r i n g  t h e  i m m a t u r e  s t a g e s  of  
S i t o p h i l u s  O r y z a e  to  t h e  s p o t l i g h t  a n d  e x p o s e  i t  to  t h e  in-  
v e s t i g a t o r ' s  eyes .  F i r s t l y ,  t h e  weev i l s  a re  foo led  i n t o  ov i -  
p o s i t i n g  in  a r t i f i c i a l  s o f t  w h e a t - l i k e  k e r n e l s  w h i c h  c a n  be  
c o m p l e t e l y  d i s s o l v e d  in  w a t e r  t o  o b t a i n  t h e  eggs  s o u n d  
a n d  i n t a c t .  S e c o n d l y ,  t h e s e  k e r n e l s  a r e  p r e s s e d  a g a i n s t  
c o n c a v e  s l ides  8 • 3.5 c m  to  f o r m  food  b a n d s  o n  w h i c h  
t h e  l a r v a e  l ived .  M a n y  w o r k e r s  d i s s e c t e d  t h e  k e r n e l s  in  a n  
a t t e m p t  to  s t u d y  t h e  i m m a t u r e  s t a g e s  of  t h i s  i n s e c t  a n d  

Fig. 1. I:ggs of S. oryza separated from artificial kernels on a screen 
(1600 holes/cm 2). 

c o n s e q u e n t l y  k i l l ed  t h e  s p e c i m e n s 2  4. T h e  l a t t e r  a u t h o r s  
f o l l owed  t h i s  i n s e c t  f r o m  egg  to  a d u l t  e m e r g e n c e  b y  u s i n g  
t h e  X - r a y  t e c h n i q u e  d e v e l o p e d  b y  M i l n e r  e t  a l ) .  C h i p -  
p e n d a l e  6, 7 u s e d  r e f i n e d  d i e t s  of  ca se in ,  y e a s t ,  c o r n  s t a r c h ,  
e tc . ,  c o m p a c t e d  i n t o  g e l a t i n e  c a p s u l e s  o r  f o r m e d  in  
pe l l e t s  to  f eed  S i t o t r o g a  ce rea le l l a .  
Materials and methods. I d e n t i f i c a t i o n  a n d  s e x i n g .  S. 
o r y z a e  w a s  d i s t i n g u i s h e d  f r o m  S. z e a m a i s  b y  t h e  c h a r -  
a c t e r s  ( w h i c h  a r e  98 9 9 . 7 %  rel iable)  g i v e n  b y  d i f f e r e n t  
a u t h o r s  8-12. T h e y  d i f f e r  in  life cyc le  la, r e s p o n s e  to  l i g h t  
a n d  t e m p e r a t u r e  14, t h e  p l a s m i d s  t h e y  c o n t a i n  la a n d  l ip id  
con t en t s16 .  A d u l t s  of  S. o r y z a e  were  s e x e d  a c c o r d i n g  to  
H a l s t e a d  10 b y  t h e  d i r e c t i o n  of  t h e  5 th  a n d  6 t h  a b d o m i n a l  
s t e r n i t e s  a n d  t h e  d i m e n s i o n s  of  t h e  r o s t r a  w h i c h  w e r e  
m e a s u r e d  b y  o c u l a r  m i c r o m e t e r  in 15 m a l e s  a n d  f e m a l e s  
a n d  a v e r a g e d .  
Ar t i f i c i a l  ke rne l s .  T h e s e  k e r n e l s  were  m a d e  of 25 g of  
J e l ly*  c r y s t a l s  in  70 m l  of  b o i l i n g  w a t e r  ; a f t e r  r e f r i g e r a t i o n  
t h e y  we re  m i x e d  w i t h  w h e a t  f l ou r  (5 : 6 b y  wt ) .  P u r e  c o r n  
oil w a s  a d d e d  a t  c o n c e n t r a t i o n  of 1~ t h e  d o u g h  w a s  
k n e a d e d  a n d  f o r m e d  i n t o  k e r n e l s  ( w i t h o u t  c rease ) ,  a i r -  
d r i e d  for  24 h a n d  k e p t  in  t h e  r e f r i g e r a t o r .  10 p a i r s  of  
weev i l s  (3 w e e k s  old) we re  k e p t  in  3 • 4. 5 c m  p l a s t i c  c o n -  
t a i n e r s  a n d  c o v e r e d  w i t h  f i l t e r  p a p e r  g l u e d  c a p s  for  
a e r a t i o n  a n d  were  p r o v i d e d  w i t h  t e n  a r t i f i c i a l  k e r n e l s  
w i t h  or  w i t h o u t  3 g of  w h e a t  b r a n .  T h e  s u i t a b l e  g r a i n  a n d  
air  m o i s t u r e  a n d  t e m p e r a t u r e  for  o v i p o s i t i o n  of S. o r y z a e  
were  t a k e n  i n t o  c o n s i d e r a t i o n  1a,17,~s. Ar t i f i c i a l  k e r n e l s  
c o n t a i n  1 8 . 1 %  w a t e r  a n d  we re  a s s e s s e d  for  o v i p o s i t i o n  
a t  25 :k 1 ~ a n d  7 0 %  R H  for  one  g e n e r a t i o n  I," 2, a n d  a t  
r o o m  c o n d i t i o n s  (26.9 ~ a n d  70.3~ R H )  for  t h e  o t h e r  F 1. 
T h e  k e r n e l s  were  d a i l y  r e n e w e d  a n d  t h e  r e p l a c e d  k e r n e l s  
we re  u s e d  for  egg  c o u n t s  in 2 w a y s :  1. T h e y  we re  k e p t  in  
b o t t l e s  for  32 42 d a y s  for  c o u n t i n g  t h e  e m e r g i n g  a d u l t s .  
H i n d i  w h e a t  k e r n e l s  we re  u s e d  in  t h i s  e x p e r i m e n t  for  
c o m p a r i s o n .  2. T h e  a r t i f i c i a l  k e r n e l s  we re  d i s s o l v e d  in  

Fig. 2. Larvae and pupae of Sitophilus oryzae growing oil artificial 
medium in a depression of a concave slide. 

* Jelly crystals, made by St. George's Factory, Alexandria (ARE), 
contain: sugar, gelatin, citric acid and artificial flavor. 
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Table 1. Eggs deposited on artificial and natural (Hindi) wheat grains offered to Sitophilus oryzae (L.) at the rate of one grain/one pair of in- 
sects. Eggs were counted by the 2 tabulated methods. 

Methods of counting eggs Generation Eggs/5 artificial kernels/day Eggs/5 natural kernels/day 
with bran without bran 

1 Dissolved artificial kernels *F 1 3.9 • 8.5 3.25 • 4.9 - 
*F 1 3.24 • 2.4 2.83 • 1.18 

2 Number of emerging adults 
32-42 days later *F 1 0.32 0.38 0.24 

*F~ 0.30 0.24 0.29 

* F 1 = Laboratory conditions 26.9~ and 70.5% RH; Fg = 25 • 1~ and 70% RH. 

wa te r  35 ~ for 2 h in a cyl indr ical  tube  p rov ided  wi th  a 
screen (mesh 1600 cm2). Then  eggs were separa ted  f rom 
gelat inous debris  of kernels  by  runn ing  wa te r  (figure 1). 
In  these  2 exper iments ,  the  weevils used belong to  2 suc- 
cessive genera t ions  kep t  ent i re ly  on artificial  kernels.  The 
f i rs t  genera t ion  was kep t  a t  l abora to ry  condi t ions  (Sep- 
t ember ,  October  1974 average t e m p e r a t u r e  26.9~ 
70.5% RH),  whereas  the  second was kep t  a t  25 • 1~ 
and 70% R H  ( Janua ry  to  F e b r u a r y  1975). Kernels  were 
pressed agains t  the  concave slide in bands  abou t  l m m  
th ick  (figure 2). Eggs or f irst  ins ta r  larvae were placed 
on the  surface or in holes made  by  a needle  in the  band.  
The slide was covered by  a plane or ano the r  concave 
slide according to  the  size of the  growing larvae. The con- 
cave slides were kep t  in a dess icator  a t  25 • 1 ~ and  80% 
R H  (10.36% H~SO4). 150 first  ins tar  larvae were used to 
de te rmine  the  4 larval  ins tars  and the  pupal  per iod by  
3 ways  : a) measur ing  head  capsule w i d t h  by  ocular micro- 
meter ,  b) mark ing  larvae wi th  car pa in t  to fix the  moul t -  
ing da te  in the  first  2 ins tars  and observing the  cas t  head  
capsules  in the  later  instars ,  c) measur ing  tunne l  w i d t h  
wi th  ocular micrometer .  
Results and discussion. The var iables  which  make  the  ar- 
tificial kernels  acceptable  were control led in these  ex- 
pe r imen t s  as t ex tu re  and size of kernels  13, s tab i l i ty  of the  
kernel  dur ing oviposi t ion 19, dens i ty  of weevils in re la t ion 
to  the  n u m b e r  of grains18 and  the  t y p e  of flour favoured  
by  the  weevils s, 24. The addi t ion  of gelat in conferred soft- 
ness and  st ickiness to the  artificial  kernels  (which helped 
in the  s tab i l i ty  of kernels  dur ing  oviposit ion),  also the  
add i t ion  of b ran  to the  tubes  conta in ing  the  artificial  
kernels.  
Oviposit ion.  By  searching 2 groups  each conta in ing  arti-  
ficial kernels  given to weevils wi th  or w i thou t  bran  at  
room condi t ions  (Fa) the  average number s  of eggs/kernel  
d a y  were 3.9 and  3.25 respec t ive ly  under  control led con- 
di t ions  (F2) 25 • 1~ and  70% RH,  the  cor responding  
averages  were 3.24 and 2.83. The var ia t ions  expressed as 

s t a n d a r d  devia t ions  in egg laying were grea te r  in F~ t h a n  
in F 2 i 2.4 and  1.18 wi th  and  w i t h o u t  bran .  These dif- 
ferences p roved  to  be s ignif icant  a t  the  0.05 level. 
Oviposi t ion and  survival  of S. oryzae on whea t  and art i -  
ficial kernels  w i th  and w i t h o u t  b ran  were s tudied  by  
count ing  the  emerging adul t s  in 150 kernels  under  lab- 
o ra to ry  condi t ions  and in 75 kernels  under  control led 
condit ions.  The  averages  of emerging adul ts  were res- 
pec t ive ly  0.32 and  0.38 per  artificial  kernel  wi th  aiad 
wi thou t  b ran  and  0.24 per  na tu ra l  kernel  in respect  in F t. 
Whereas  the  cor responding  figures for F 2 were 0.3, 0.24 
and 0.29 adul t s  per  kernel. The addi t ion  of bran  increased 
oviposi t ion when  assessed by  dissolving the  kernels  and  
count ing  the  depos i ted  eggs (table 1) in b o t h  F I and F~. 
The added  b ran  serves as excess food for the  weevils and 
helps in the  s tabi l iza t ion of the  kernels  dur ing oviposi t ion.  
The resul ts  were no t  as decisive when  the  surviving or 
emerging adul t s  were counted.  The na tu ra l  mor t a l i t y  of 
ha tch ing  larvae wi th in  the  kernels  is appa ren t l y  high. 
Incuba t ion  per iod and ha tching .  A to ta l  of 285 eggs freed 
f rom artificial  kernels  were incuba ted  at  25 • 1~ and  
100~ R H  in pe t r i  dishes. H a t ch i n g  occurred f rom 4 to  7 
days  wi th  an average of 5.3 days  and of ha t chab i l i t y  
var ied f rom 65 to 86.3% wi th  an average of 77.2%. 
Pre-ovipos i t ion  period. 15 pairs of newly  emerged weevils  
f rom na tu ra l  and artificial kernels  were p rov ided  each 
wi th  2 artificial  kernels/pair ,  the  kernels  were dai ly  
changed.  Eggs  were coun ted  in replaced kernels  for 11 
days  to de te rmine  the  preovipos i t ion  per iod and  the  
n u mb er  of eggs dai ly laid for 1 week thereaf ter .  At  25 ~ 
and 70% RH,  the  average per iod was near ly  the  same 
(3.6 days) for adul ts  emerging f rom na tu ra l  and  f rom 
artificial kernels.  Females  emerging f rom artificial  kernels  
laid 39.5 eggs per  7 days  in compar ison  wi th  37.7 eggs for 
females emerging f rom na tu ra l  kernels.  These differences 
were insignif icant .  This again suppor t s  the  view t h a t  

19 C.W. Combs, Bull. ent. Res. 54, 119 (1963). 

Table 2. Mean duration of larval and pupal periods of S. oryzae (L.) in days at 25 i 1 ~ and 80% RH on artificial food bands in concave 
slides and percent mortality of unmarked (-) and marked instars (+). 

Larval irtstars Prepupa Pupa Total 
1st 2nd 3rd 4th 

- 5.8 5.6 5.8 6.2 1 6.5 30.9 
Mean + 6.9 6.1 5.9 6.04 1 6.3 32;24 
Range - 5-7 5-7 5-7 6-7 1 5-8 27-37 

§ 5-8 4-7 4-7 4-8 1 4-8 22-39 
Percent mortality - 50 20 10 6 6 0 

+47 25 22.5 13 7.5 0 
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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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