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Catches of male Sesamia cretica Led. in traps baited with Z-9-TDOL 
and Z-9-TDA at 3 locations in Gezira 

Bait ([xg) Mean 
Z-9-TDOL Z-9-TDA No. males/trap* 

1000 0 4 
750 250 48 
500 500 15 
250 750 8 

0 1000 2 

* 4 replicates. 

In  the  expe r imen t s  conduc ted  in Gezira region, the  t r aps  
were placed in t he  field on 16 N o v e m b e r  and  collected on 
20 December .  Dur ing  th is  t ime  t h e y  were inspec ted  a t  
2-day-intervals .  In  all expe r imen t s  each lure was t e s t ed  
in 4 repl icates.  
To po in t  out  the  effect  of the  combina t i on  of the  2 com-  
pounds ,  var ious  mix tu res  of Z-9-TDAL and  Z-9-TDA 
were field tes ted .  The tab le  shows the  average  n u mber s  
of males S. cretica cap tu red  per  t r ap  dur ing  the  per iod 
of the  exper iment .  
I t  is ev iden t  f rom the  resul ts  t h a t  the  mi x t u r e  Z-9-TDOL 
and  Z-9-TDA is a p o t e n t  a t t r a c t a n t  for male  dnra  s t em-  
borer.  More field tr ials  w i th  var ious  release rates,  com- 
pounds  of grea te r  pur i ty ,  and  di f ferent  ra t ios  of tile 2 
componen t s  are needed  to  opt imize  male a t t r ac t ancy .  
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Summary. I t  has  been shown t h a t  increasing pro te in  concen t ra t ions  can decrease oxygen  diffusion in 3 in v i t ro  systems.  
We pos tu la te  t h a t  i t  is possible,  and in some c i rcumstances  probable ,  t h a t  diffusion migh t  be a ra te  l imi t ing s tep in 
b o t h  in v i t ro  and  in vivo biological sys tems.  

In  a lmos t  every  biological sys tem,  subs tances  which  reac t  
inside a cell m u s t  f i rs t  diffuse to  and t h e n  in to  t h a t  cell. 
Diffusion, t he  process  by  which  molecules move t h r o u g h  
qu iescen t  l iquids or b o u n d a r y  layers is a ve ry  slow 
process.  I t  m a y  be the  control l ing factor  in any  diffusion 
plus reac t ion  sequence unless t he  reac t ion  ra te  is ex- 
t r eme ly  slow. The diffusion s tep  is general ly  ignored in 
de te rmin ing  the  ra te  of me tabo l i sm in biological sys tems.  
This is done  b y  assuming  t h a t  the  th ickness  of a n y  
qu iescen t  l iquid f i lm or b o u n d a r y  layer  su r round ing  t h e  
cell is qu i te  t h in  and  thus  offers negligible res is tance  to 
t r anspor t .  A l though  such  b o u n d a r y  layers  m a y  be qui te  
thin ,  the  t r a n s p o r t  r a te  across t h e m  m a y  govern  the  ra te  
of cell division*. 
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Fig. 1. Variation of oxygen diffusivity with albumin concentration 
in plasma. 

In  th is  s t u d y  we have  a t t e m p t e d  to  de t e rmine  the  role of 
diffusion across the  b o u n d a r y  layer  in the  me tabo l i sm of 
L1210 mouse  leukemia  cells. Specifical ly we have  exam-  
ined the  effect  of a l ter ing diffusion ra tes  on the  supply  of 
oxygen  avai lable  for aerobic metabol i sm.  Diffusion ra tes  
can  be a l tered  by  adding  m a n y  types  of compounds  to  
the  l iquid med i u m 5, e. A subs tance  which  appears  to have  
a subs tan t i a l  effect  on the  ra te  of diffusion is p ro te inL  
As the  p ro te in  level increases,  even over  physiological  
ranges,  the  d i f fus iv i ty  of o x y g e n  decreases.  
Materials and methods. The effect  of p ro te in  levels on the  
avai labi l i ty  of oxygen  was s tud ied  for L1210 cells. The 
ra te  of oxygen  consumpt ion  b y  L1210 cells was de ter -  
mined  as a func t ion  of p ro te in  concen t ra t ion .  The cells 
were g rown in a m e d i u m  consis t ing of R P M I  1640 plus 
10% fetal  calf serum. They  were then  ha rves t ed  and  
re suspended  in 3 ml  of the  g ro w t h  med i u m in a f inal  
concen t ra t ion  of 9 x  105 cells/ml. This suspension was  
then  placed in the  ch amb e r  of an oxygei1 electrode (main- 
t a ined  at  37 ~ b y  a c o n s t a n t  t e m p e r a t u r e  bath)  which 
was connec ted  to an oxygen  mon i to r  (Yellow Spring 
Ins t rumen t s )  and a s t r ip  cha r t  recorder.  The suspension 
was con t inuous ly  s t i r red by  means  of a magne t ic  s t i r r ing 
bar.  
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The  r a t e  of oxygen  u t i l i z a t i on  was e s t i m a t e d  f rom the  
slope of t he  oxygen  u t i l i za t ion  cu rve  on  t he  s t r ip  c h a r t  
recorder .  The  sample  was exposed  to  air  to  al low oxygen-  
a t i on  of t he  m e d i u m  a n d  a n  in i t i a l  slope for t he  oxygen  
c o n s u m p t i o n  was d e t e r m i n e d .  T he  sys t em was t h e n  
r eoxygena t ed l  and  lyophy l i zed  h u m a n  p l a s m a  was added  
to  t he  m e d i u m .  Th i s  process  was r epea t ed  so t h a t  one 
sample  would  be  exposed  to  c o n c e n t r a t i o n s  of lyophyl ized  
p l a s m a  p ro t e in s  r a n g i n g  f rom 0 to  8% (weight  to vo lume) .  
The  t o t a l  p ro t e in  c o n c e n t r a t i o n  in t he  sample  was  
ac tua l l y  h ighe r  for each  p o i n t  ( thus  sh i f t ing  t he  cu rve  to 
t h e  r ight )  because  t he  g r o w t h  m e d i u m  itself  c o n t a i n e d  
a p p r o x i m a t e l y  0 .4% pro te in .  T o t a l  t i m e  for  a n  exper i -  
m e n t  was  a p p r o x i m a t e l y  30 min.  
Resul ts  and discussion. Figure  1 shows the  v a r i a t i o n  of 
oxygen  d i f fus iv i ty  in  p l a s m a  w i t h  a l b u m i n  concen t r a t i on .  
F igure  2 shows t he  effect  of increas ing  p r o t e i n  concen t r a -  
t ion  on  t he  r a t e  of o x y g e n  c o n s u m p t i o n  of L1210 cells. 
I t  is a p p a r e n t  f rom t he  con f igu ra t i on  of the  cu rves  s h o w n  
in f igures 1 a n d  2 t h a t  d i f fus ion  m a y  be  a f ac to r  in  
l imi t ing  t he  r a t e  of m e t abo l i s m .  F igure  1 r ep resen t s  a 
m e a s u r e m e n t  of d i f fus ion only,  whereas  f igure 2 repre-  
sen ts  a m e a s u r e m e n t  of d i f fus ion  plus  t he  process  of 
oxygen  u p t a k e  b y  L1210 cells. The  d a t a  in f igure 1 were 
o b t a i n e d  b y  e s t i m a t i n g  t he  oxygen  d i f fus iv i ty  in p l a s m a  
us ing  a s t a n d a r d  d i a p h r a g m  cell m e t h o d  s. No b iochemica i  
r eac t ions  are  t a k i n g  p lace  in  t h i s  sys tem,  so t h a t  t he  o n l y  
process  be ing  m e a s u r e d  is t he  di f fus ion of oxygen  f rom 
po in t s  of h igh  c o n c e n t r a t i o n  to those  of lesser concen t r a -  
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Fig. 2. Relative oxygen consumption as a function of added lyo- 
philized human plasma at 37~ The different symbols represent 
different experiments. 
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Fig. 3. Oxygen consumption in Na~ SOz reaction as a function of 
added lyophilized bovine serum at 25~ 

t ion.  In  o rder  to  d e t e r m i n e  if d i f fus ion would st i l l  be a 
r a t e - l im i t i ng  fac to r  in a nonbio log ica l  sys t em c o n t a i n i n g  
b o t h  di f fus ion and  a chemica l  reac t ion ,  f u r t h e r  experi-  
m e n t s  were pe r fo rmed .  
These  e x p e r i m e n t s  were s imi lar  to  t he  e x p e r i m e n t s  de- 
sc r ibed  us ing  L1210 ceils. The  L1210 ceils were replaced  
in these  e x p e r i m e n t s  b y  sod ium sulf i te  wh ich  reac t s  w i t h  
oxygen  to p roduce  sod ium sulfate .  The  sul fa te  ion con-  
c e n t r a t i o n  was q u a n t i t a t e d  in o rder  to  d e t e r m i n e  the  
m a g n i t u d e  of oxygen  u t i l i za t ion  a t  va r ious  t i m e  points .  
These  e x p e r i m e n t s  were c o n d u c t e d  to  con t ro l  for  the  pos-  
s ib i l i ty  t h a t  h igh  p ro t e in  levels m i g h t  af fec t  m e t a b o l i s m  
of L1210 cells, a n d  are  f r e q u e n t l y  done  to  d e t e r m i n e  
oxygen  c o n s u m p t i o n  9. 
F igure  3 shows d a t a  o b t a i n e d  in t h i s  expe r imen t .  The  
c u r v e  aga in  ha s  a con f igu ra t ion  a n d  re la t ive  m a g n i t u d e  
s imi la r  to  those  shown  in f igures 1 a n d  2. Because  of 
l im i t a t i ons  imposed  b y  t he  m e t h o d s  employed ,  these  ex- 
p e r i m e n t s  were car r ied  ou t  a t  e i the r  25 ~ (figures 1 and  3) 
or 37 ~ (figures 1 a n d  2). As can  be  seen f rom figure 1, 
t e m p e r a t u r e  ha s  a s u b s t a n t i a l  effect  on  t he  m a g n i t u d e  of 
oxygen  d i f fus iv i ty  b u t  v e r y  l i t t l e  effect  on t he  concen t r a -  
t i on  of p ro t e in  requ i red  to decrease  oxygen  d i f fus iv i ty  to  
h a l f - m a x i m u m  (3.3% p ro t e in  a t  37~ a n d  3 .2% pro te in  
a t  25 ~ Fo r  f igure 2 t he  a p p a r e n t  h a l f - m a x i m a l  p ro t e in  
c o n c e n t r a t i o n  is 2 .8% a d d e d  p r o t e i n  b u t  since t h e  L1210 
cell g r o w t h  m e d i u m  con ta in s  0 .4% p r o t e i n  t he  a c t u a l  hal f -  
m a x i m u m  is a t  a p p r o x i m a t e l y  3 .2% t o t a l  p ro te in .  I t  is 
s ign i f ican t  t h a t  the  cu rve  in f igure  3 has  a p p r o x i m a t e l y  
t h e  same conf igu ra t ion  as those  in f igures 1 a n d  2. The  
h a l f - m a x i m a l  p ro t e in  c o n c e n t r a t i o n  for th i s  e x p e r i m e n t  
is a p p r o x i m a t e l y  1.3%. The  dif ferences  in h a l f - m a x i m a l  
effect  b e t w e e n  t he  e x p e r i m e n t s  m a y  be  due to some dif- 
ference in t he  chemica l  compos i t i on  of the  p ro t e in  solu- 
t i ons  used. A l t e rna t ive ly ,  endogenous  a n t i o x i d a n t s  pre-  
s en t  in s e rum (e.g. ascorbic  acid a n d  g lu t a th ione )  m a y  
h a v e  caused  t he  en t i re  cu rve  in f igure  3 to  be  sh i f ted  to 
t he  left. Because  of t he  m e t h o d s  used to  genera te  the  d a t a  
in  f igures 1 a n d  2, no  effect  of endogenous  a n t i o x i d a n t s  
would  be expec t ed  in these  expe r imen t s .  
I t  would  t h u s  a p p e a r  f rom these  3 sets  of e x p e r i m e n t s  
t h a t ,  u n d e r  ce r t a in  c i rcumstances ,  oxygen  d i f fus iv i ty  
m i g h t  well be  a r a t e - l imi t ing  fac to r  in t he  m e t a b o l i s m  of 
l iv ing  cells. Since d i f fus ion is f r e q u e n t l y  a s sumed  to  be 
negl igible  in  m e t a b o l i s m  s tudies ,  such  s tudies  m i g h t  be 
ref lec t ing  some r a t e - l im i t i ng  effects  of d i f fus ion and  no t  
solely me tabo l i c  ra te .  These  e x p e r i m e n t s  h a v e  been  con-  
ce rned  w i t h  t he  effects of p r o t e i n  levels  on oxygen  dif- 
fus ion;  however ,  d i f fus iv i ty  is also g rea t ly  af fected b y  
o t h e r  c o m p o u n d s  such  as glucose 5. 
W e  would  p o s t u l a t e  t h a t  i t  is poss ible  a n d  in some cir- 
c u m s t a n c e s  p robab le ,  t h a t  d i f fus ion m a y  be  a ra te -  
l imi t ing  s tep  in biological  sys tems .  W e  h a v e  shown  th i s  
to  be  the  case in severa l  in  v i t ro  sys tems ,  b u t  i t  m a y  also 
be  t r u e  for in v ivo  sys tems .  Since d i f fus ion m a y  be  a more  
i m p o r t a n t  f ac to r  in  b iochemica l  r eac t ions  t h a t  p rev ious ly  
recognized,  d i f fus iv i ty  should  n o t  be  ignored  as a po t en t i a l  
r a t e - l im i t i ng  s tep  in biological  sys tems .  
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