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Mater ia l  and methods. In  our  p r e s e n t  e x p e r i m e n t s  t he  
effects  of Pi, of G a n d  of P A H  load ing  were s tud ied  b y  
c learance  t e c h n i q u e s  in a n a e s t h e t i z e d  dogs  w i t h  one 
k i d n e y  d en e rv a t ed .  D e n e r v a t i o n  was  p e r f o r m e d  b y  left  
s p l a n c h n i c o t o m y  10-70 d a y s  pr ior  to the  e x p e r i m e n t s .  

G F R  was  m e a s u r e d  by  t he  c learance  of 5~Chromium 
edet ic  acid (51Cr-EDTA), e x c e p t  for t he  P A H  load ing  
series where  c learance  of inulin~6 was  used.  T h e  concen-  
t r a t i o n  of Pi  an d  P A H ,  in p l a s m a  and  ur ine  samples ,  
were d e t e r m i n e d  b y  m e t h o d s  of FISKE and  SUBBAROW ~7 
and  of BRATTON a n d  MARSHALL 2s, respec t ive ly ,  t h a t  of 
G was  m e a s u r e d  e n z y m a t i c a l l y  (GOD-Per id ,  Boehr inger) .  

Results  and discussion. T u b u l a r  t r a n s p o r t  was  calcu-  
la ted  f ro m  th e  f i l tered and  excre ted  quan t i t i e s .  P l a s m a  
(P) Pi, G a n d  P A H  levels (mean  va lues  and  range) ,  G F R ,  
ra te  of t u b u l a r  t r a n s p o r t  of i n n e r v a t e d  (inn) a n d  de- 
n e r v a t e d  (den) k idneys  w i th  s t a n d a r d  errors  (S.E.), re- 
spect ively ,  an d  resu l t s  of s t a t i s t i ca l  e v a l u a t i o n  b y  S tu-  
d e n t ' s  t - tes t  are p r e sen t ed  in t he  table.  

D e n e r v a t i o n  p h e n o m e n o n ,  i.e. s ign i f i can t ly  inc reased  
ur ine  flow a n d  s o d i u m  exc re t ion  f rom d e n e r v a t e d  kid- 
neys ,  was  p r e s e n t  in all t h e  e x p e r i m e n t a l  series w i t h  no 
difference in G F R  be tw e e n  i n t a c t  and  s p l a n c h n i c o t o m i z e d  
side. 

The  resu l t s  show  t h a t  m a x i m u m  t r a n s p o r t  (Tm) of Pi, 
of G a n d  of P A H ,  respec t ive ly ,  was  depressed  a f t e r  de-  
ne rva t ion .  Cons ider ing  t ha t ,  in add i t i on  to d i m i n i s h e d  
p r o x i m a l  t u b u l a r  s o d i u m  reabsorp t ion ,  a decrease  in 
o the r  m a i n l y  p r o x i m a l  t u b u l a r  ac t ive  s ec re to ry  or re- 
a b s o r p t i v e  t r a n s p o r t  processes  w i t h o u t  a n y  c h a n g e  in 
G F R  was  observed ,  an  i m p a i r m e n t  of p r o x i m a l  t u b u l a r  
t r a n s p o r t  f unc t i on  a f t e r  d e n e r v a t i o n  can  be sugges t ed .  
The  m e c h a n i s m  of th i s  p h e n o m e n o n  is no t  clear  as ye t .  
However ,  the  defec t  of e s sen t i a l ly  d i f fe rent  t r a n s p o r t  
p rocesses  al lows one to conc lude  t h a t  r ena l  s y m p a t h e t i c  
a c t i v i t y  m i g h t  in genera l  r egu la te  p r o x i m a l  t u b u l a r  
t r a n s p o r t  func t ions .  

Effect of inorganic phosphate, n-glucose and para-aminohippuric 
acid loading on their transport in denervated and innervated kidneys. 

Pi G PAH 

m 5 9 9 
n 17 15 15 
Ping % range 10.6-51..3 727-1.058 20.8 36.8 

27.8~3.3 886 @30 29.3+1.3 
GFR inn 49.9~ 2.5 55.2• 45.4~3.5 
inl/min/i00 g den 50.0i2.3 57 .2~=2.3  50.4zt= 3.8 
Tm inn 10.2i  1.6 349 ~31 34.1@4.7 
nlg/100 ml GFR den 6.5~1.3~ 326 i27'~ 26.6i3.8 ~ 

m number of dogs, n = number of clearance periods, P = plasma 
concentrations of inorganic phosphate (Pi), D-glucose (G) and para- 
aminohippurie acid (PAH), respectively; GFR glomerular ill- 
tration rate, Tm maximal tubular transport of Pi, of G and of 
PAH, inn ~ innervated kidney, den denervated kidney, ~ p < 0.0l. 
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Sens i t i v i ty  of the deve lop ing  ch ick  m y o c a r d i u m  to the p o s i t i v e  ino trop ic  effects  
of c a l c i u m  and i s o p r o t e r e n o l  1 
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Summary .  Th e  p r e sen t  resu l t s  show t h a t  the  s ens i t i v i t y  of the  ch ick  m y o c a r d i u n l  to t he  pos i t ive  ino t rop ic  effect  of 
Ca++ decreases  d u r ing  d e v e l o p m e n t  and  t h a t  t h e  Ca ++ c o n c e n t r a t i o n  of t he  phys io log ica l  so lu t ion  used  m u s t  be lowered 
below ' n o r m a l '  to s t u d y  the  effects  of pos i t ive  inot ropic  a ge n t s  in p r e p a r a t i o n s  f rom y o u n g e r  e mbryos .  I sop ro te reno l  
elicits pos i t ive  inot ropic  responses  in 7 - 9 - d a y  e m b r y o n i c  vent r ic le  a nd  in n e w b o r n  ch ick  a t r i a ;  however ,  t he  4 -day  
e m b r y o n i c  m y o c a r d i u m  is u n r e s p o n s i v e  to i soproterenol .  

A l t h o u g h  the  f irst  s tud ies  on the  effects  of ace ty lcho l ine  
and  ep inephr ine  on t he  e m b r y o n i c  ch ick  h e a r t  were re- 
por ted  more  t h a n  40 years  ago, it  was  no t  un t i l  1950 t h a t  
BARRY 4 repor t ed  the  f i rs t  q u a n t i t a t i v e  s tud ies  on isolated,  
s p o n t a n e o u s l y  b ea t i ng  e m b r y o n i c  chick hea r t s .  The  pre-  
sen t  r epor t  deals  w i th  s tud ies  of t he  pos i t ive  inot ropic  
effects  of Ca ++ an d  i sopro terenol  on isolated,  e lectr ical ly  
paced  p r e p a r a t i o n s  of e m b r y o n i c  and  n e w b o r n  chick 
m y o c a r d i u m .  

Materials  and methods. H e a r t s  were i so la ted  f rom em-  
b ryos  o b t a in ed  f rom fert i l ized eggs (Whi te  Leghorn)  a t  

va r ious  t i m e s  d u r i n g  d e v e l o p m e n t  or f r om n e w b o r n  
chicks  w i th in  1 week  of ha t c h ing .  Most  s tud ies  e m p l o y e d  
whole 7-9  d a y  e m b r y o n i c  ven t r ic le  or n e w b o r n  ch ick  left  
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Sensitivity of the 7-9-day embryonic ventricle and newborn chick atria to isoproterenol in HEPES-bicarbonate buffered physiological solution 

Preparation~ CaCI~ (raM) Baseline Force 1-Isoproterenol 
(% max) 

ECs0 e Increase (%) Max 
(% of Ca ++ max)~ 

7-9-day Embryo 0.6 39.4:t:4.3 (7) a 2.2-4-0.65 • 10 -s (7) 111~ 19 (7) 79.7:t=4.2 (7) 
7-9-day Embryo 2.0 94.5• (4) _b 3.5=t=3.5 (4) - 
Newborn chick 2.0 30.8-t-3.6 (4) 1.04-0.27 • 10-S (5) 131.6-t- 32 (5) 61.0-t-5.3 (5) 

�9 All preparations were paced at  180 beats/rain, bIndeterminate due to small response. ~ force was determined by adding CaCI~ 
in 1 mM increments at the top o~ the isoproterenol dose-response curve, call values are expressed as the memos ~: SEM. The numbers in 
parentheses refer to the number of determinations, eConcentration of isoproterenol which produces 50% of the isoproterenol maximum 
response. 

a t r i um.  The  va r ious  p r e p a r a t i o n s  were b a t h e d  in a b icar-  
b o n a t e  buf fe red  physio logica l  so lu t ion  (120 m M  NaC1; 
4.8 i n M  KC1; 0.6 m M  K H 3 P O a ;  0.6 m M  MgSOa;  5 m M  
glucose;  25 m M  NaI-ICOa; a n d  va r i ab l e  a m o u n t s  of cal- 
c ium) or in a H E P E S - b i c a r b o n a t e  buf fe red  so lu t ion  wh ich  
was t h e  same  as t he  above  excep t  i t  c o n t a i n e d  a lower 
N a H C O 3  (11.9 raM)  a n d  10 m M  H E P E S  buffer ,  p H  
7.4 a t  37 ~ B o t h  so lu t ions  were m a i n t a i n e d  a t  37 ~ 
a n d  b u b b l e d  w i t h  95% 0 3 ; 5  % CO 3. The  p H  of t he  
H E P E S - b i c a r b o n a t e  physio logica l  so lu t ion  was more  
s t ab le  and  s l igh t ly  lower t h a n  t h a t  of t h e  o the r  b icar -  
b o n a t e  buf fe red  so lu t ion  (pH 7.4 as c o m p a r e d  to p H  
7.6-7.7).  E m b r y o n i c  p r e p a r a t i o n s  were paced  b y  field 
s t i m u l a t i o n ;  n e w b o r n  ch ick  h e a r t  p r e p a r a t i o n s  (a t r ia  or 
v e n t r i c u l a r  str ips) were paced  w i t h  b i p u n c t a t e  e lec t rodes  
(all a t  180/min).  Force  of c o n t r a c t i o n  was m e a s u r e d  
w i t h  L V D T  (embryos)  or force d i s p l a c e m e n t  t r a n s d u c e r s  
(newborn  chick).  All  dose response  curves  were p e r f o r m e d  
us ing  t he  c u m u l a t i v e  t e c h n i q u e  a n d  responses  are express-  
ed as pe r cen t  of m a x i m u m .  

Results and dis6ussion. Most  physio logica l  so lu t ions  
c o n t a i n  1.5-2.5 m M  CaC13. Our  in i t i a l  a t t e m p t s  to  per-  
f o rm  c u m u l a t i v e  dose response  cu rves  to  i sopro te renol  on  
4 -day  e m b r y o n i c  h e a r t  p r e p a r a t i o n s  b a t h e d  in a phys io-  
logical  so lu t ion  c o n t a i n i n g  2.0 m M  CaC13 were unsuc-  
cessful  and  p r o m p t e d  us to  d e t e r m i n e  t h e  sens i t iv i t ies  of 
our  va r ious  p r e p a r a t i o n s  to  Ca ++ . These  e x p e r i m e n t s  were  
pe r fo rmed  in t he  b i c a r b o n a t e  buf fe red  so lu t ion  and  are 
s u m m a r i z e d  in t he  Figure .  T h  e s ens i t i v i t y  of t h e  ch ick  
m y o c a r d i u m  to  t he  pos i t ive  ino t rop ic  effect  of Ca++ de- 
creases  qu i te  m a r k e d l y  d u r i n g  deve l opm en t .  BARRY et  
al. 5 h a v e  r epo r t ed  s o m e w h a t  s imi la r  resu l t s  in  t h a t  t he  
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Dose-response curves to Ca ++ in embryonic and newborn chick 
myocardium. 4-day embryo ( i ) ,  7-9-day embryo (c7), chick atrium 
(Q), chick ventricle (O). The mean q- SEM is shown for each con- 
centration studied. 

pe r cen t  increase  in force d e v e l o p m e n t  b y  s t r ips  of ch ick  
v e n t r i c u l a r  m y o c a r d i u m  w h e n  t he  Ca++ c o n c e n t r a t i o n  is 
increased  f rom 1.8 to  3.6 m M  increases  as t he  age of t he  
e m b r y o  increases .  

The  Tab le  s u m m a r i z e s  t h e  p e r t i n e n t  d a t a  f rom exper-  
i m e n t s  in  w h i c h  dose response  curves  to  1- isoproterenol  
were p e r f o r m e d  on 7 -9 -day  e m b r y o n i c  ven t r i c l e  and  ch ick  
lef t  a t r i a  p r e p a r a t i o n s  b a t h e d  in  t h e  H E P E S - b i c a r b o n a t e  
med ium.  T h r e e  po in t s  shou ld  be  n o t e d :  1. dose-response  
curves  to  i sopro te reno l  in  7 - 9 - d a y  e m b r y o n i c  ch ick  ven -  
t r icle  could on ly  be  pe r fo rmed  in t h e  presence  of a r educed  
Ca ++ c o n c e n t r a t i o n ;  2. t h e  s ens i t i v i t y  to  t h e  pos i t ive  
ino t rop ic  effect  of i sopro te reno l  is s imi la r  in  t he  two  types  
of p r e p a r a t i o n s  ; a n d  3. t h e  sens i t i v i ty  to  Ca++ appea r s  to  
be  g rea te r  in  t h e  H E P E S - b i c a r b o n a t e  physiological  solu- 
t ion.  W e  were n o t  able  to  d e m o n s t r a t e  a pos i t ive  ino t rop ic  
response  to  i sopro te reno l  in  4 -day  e m b r y o n i c  h e a r t s  u n d e r  
a n y  cond i t ions  (var ious  so lu t ion  a t  d i f fe ren t  Ca+ + concen-  
t r a t i ons  a n d  pHs) .  

I n  a p r e l i m i n a r y  c o m m u n i c a t i o n  f rom our  l a b o r a t o r y  ~ 
we r epo r t ed  t h a t  t he  7 - 9 - d a y  e m b r y o n i c  ven t r i c le  is con-  
s ide rab ly  less sens i t ive  to  t h e  pos i t ive  ino t rop ic  effect  of 
i sopro te reno l  t h a n  is t h e  n e w b o r n  ch ick  m y o c a r d i u m ,  
This  conclus ion  was based  on  a v e r y  large n u m b e r  of ex- 
p e r i m e n t s  pe r fo rmed  in t h e  b i c a r b o n a t e  buffered  so lu t ion  
u n d e r  cond i t ions  exac t ly  as we h a v e  used  in t he  exper i -  
m e n t s  r e p o r t e d  here in .  D u r i n g  f u r t h e r  s tudies ,  t h e  sensi-  
t i v i t y  of t h e  7 -9 -day  e m b r y o  p r e p a r a t i o n s  increased  
a b r u p t l y  to  t h a t  r epo r t ed  in t h i s  c o m m u n i c a t i o n .  The  
sens i t i v i ty  to  i sopro te reno l  in  t h e  n e w b o r n  ch ick  myo-  
card ia l  p r e p a r a t i o n s  a n d  to Ca++ in e m b r y o n i c  a n d  new- 
b o r n  ch ick  p r e p a r a t i o n s  ha s  r e m a i n e d  c o n s t a n t  d u r i n g  all  
of our  expe r imen t s .  Some workers  h a v e  p r e sen t ed  s t rong  
evidence  t h a t  i sopro te reno l  elicits p o s i t i v e  ino t rop ic  re- 
sponses in  4 -day  e m b r y o n i c  ch ick  h e a r t s  ~ while  o the r s  
h a v e  p r e s e n t e d  equal ly  good ev idence  t h a t  these  p r epa ra -  
t ions  are no  t respons ive  to  ca t echo l amines  s. 

W e  h a v e  pe r fo rmed  a cons iderab le  n u m b e r  of exper i -  
m e n t s  tO d e t e r m i n e  if a seeming ly  t r i v i a l  a l t e r a t i on  in 
p rocedure  m a r k e d l y  affects  t h e  s ens i t i v i t y  of 7 - 9 - d a y  em- 
b ryon ic  h e a r t  p r e p a r a t i o n s  to  isoproterenol .  The  sens i t iv-  
i t y  (EC 50) to  t h e  ino t rop ic  effect  of i sopro te renol  was  n o t  
af fected b y :  1. t he  r a t e  t h e  p r e p a r a t i o n  i~ d r iven  (120-240 

5 W. H. BARRY, I~. PITZaN, K. PROTAS and D. C. HARRISON, 
Circulation Res. 36, 727 (1975). 

6 M. HOLLMAN and R. D. GREEN, Fedn. Proc. 32, 711 (1973). 
7 F. E. SmDEMAN, Circulation Res. 3J, 268 (1974). 
s N. SPI~R~LAmS, Circulation Res. 34, 269 (1974). 
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b e a t s / m i n ) ;  2. t he  Ca++ c o n c e n t r a t i o n  (in t he  n a r r o w  
range  t h a t  can  be  s tudied)  ; 3. t he  p H  of t h e  b a t h i n g  me-  
d i u m  (7.0-7.8, buf fe red  w i t h  b i ca r bona t e ,  b i c a r b o n a t e -  
H E P E S ,  or p h o s p h a t e )  ; and  4. t e m p e r a t u r e  (30 ~ or 37 ~ 
F u r t h e r m o r e ,  t he  sens i t i v i ty  of h e a r t s  f rom e m b r y o s  ob- 
t a i n e d  f rom eggs la id  b y  hens  a t  t he  b e g i n n i n g  a n d  end  of 
their p r o d u c t i v e  per iod  d id  n o t  differ. T he  c o n t r a c t i l i t y  
of p r e p a r a t i o n s  s tabi l ized in a p h o s p h a t e  buffered  m e d i u m  
ae r a t ed  w i t h  100% Oa de t e r i o r a t ed  if t he  m e d i u m  was 

t h e n  b u b b l e d  w i t h  air,  i nd i ca t i ng  t h a t  t he  p r e p a r a t i o n s  
do n o t  suffer  from O~ t o x i c i t y  u n d e r  ou r  r ou t i ne  cond i t ions  
of s tudy .  Therefore ,  i t  seems unl ike ly  t h a t  me thodo log ica l  
dif ferences  are  t he  basis  for t he  conf l ic t ing  resu l t s  t h a t  
h a v e  been  o b t a i n e d  in  d i f fe rent  labora to i res ,  or w i t h i n  
our  own  l abo ra to ry .  I t  would  seem more  p r o b a b l e  t h a t  
t he  d i f ferent  resu l t s  t h a t  h a v e  been  r epo r t ed  b y  our  own  
and  o t h e r  l abora to r ies  are  due  to t rue  d i f ferences  in the  
p r e p a r a t i o n s  s tudied.  

Influence of larval diapause on pheromone communication in the Khapra beetle, 
Trogoderma granarium Everts 

c.  ADEESAN, A. J. TAMHANKAR and  G. W. RAHALKAR 

Biology and Agriculture Division, Bhabha Atomic Research Centre, Trombay, Bombay 400 085 (India), 
10 February 1976 

Summary. I n  Trogoderma granarium, i n d u c t i o n  of l a rva l  d i apause  b y  s u b - o p t i m a l  t e m p e r a t u r e  e n h a n c e d  t he  eff iciency 
of p h e r o m o n e  pe rcep t ion  b y  a d u l t  males.  Such  d iapause  also a l t e red  t he  p a t t e r n  of p h e r o m o n e  p r o d u c t i o n  b y  females.  

I n  p h e r o m o n e  c o m m u n i c a t i o n  a m o n g  insects ,  release 
of the  chemica l  s t imulus ,  as well  as t i le response  of the  
t a r g e t  insect ,  is in f luenced  b y  a v a r i e t y  of factors1.  I n  
our  ear l ier  s tudies ,  we h a d  obse rved  t h a t  in  T. granarium 
t h e  female  secretes  a p h e r o m o n e  which  a t t r a c t s  t he  male,  
a n d  t h a t  fac tors  such  as male  age, p r io r  m a t i n g  and  
presence  of females  affect  t he  ma le ' s  response  to t he  
p h e r o m o n e  2. The  l a rva  of th i s  beet le  undergoes  a facul- 
t a t i v e  d i apause  u n d e r  s u b o p t i m a l  t e m p e r a t u r e s  3. Such  
d i apaus ing  l a rvae  feed i n t e r m i t t e n t l y ,  r e su l t ing  in the  
a c c u m u l a t i o n  of fat ,  g lycogen and  prote in3,  4. F u r t h e r ,  
pos t -d i apause  females  h a v e  been  shown  to h a v e  h igher  
f ecund i ty  5. The  p r e s en t  s t u d y  re la tes  to  the  inf luence  of 
th i s  t y p e  of d i apause  on  t he  a d u l t  b e h a v i o u r  of T. grana- 
rium in t e r m s  of p h e r o m o n e  p r o d u c t i o n  b y  females  and  
t he  respons iveness  of males  to t he  phe romone .  

Materials and methods. The  insects  used in t h i s  s t u d y  
were o b t a i n e d  f rom a s tock  cu l tu re  m a i n t a i n e d  for  severa l  
genera t ions  a t  36 ~= 1~ on  b r o k e n  whea t .  Fo r  i nduc ing  
diapause,  18-20-day-o ld  l a rvae  f rom the  s tock  cu l tu re  
were re leased on  fresh m e d i u m  a n d  m a i n t a i n e d  a t  
25 d: 1 ~ Af te r  a per iod of 4 m o n t h s ,  the  l a rvae  were 
r e t u r n e d  to  36~ to b r e a k  t he  d iapause .  On pupa t i on ,  
males  and  females  were s epa ra t ed  a n d  k e p t  for a d u l t  
emergence.  
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Response of post-diapause males to female sex pheromone. 

Since t he  b e h a v i o u r a l  response  of a n  insec t  to  sex 
p h e r o m o n e  bears  a d i rec t  r e l a t ionsh ip  to t he  p h e r o m o n e  
c o n t e n t  ove r  a r ange  of concen t r a t i ons ,  t he  level  of 
response  of males  was cons idered  a rel iable  i n d i c a t o r  of 
t he  q u a n t i t y  of p h e r o m o n e  secre ted in u n i t  t i m e  s, 7. Fo r  
col lect ion of p h e r o m o n e ,  3 ba t ches  of f resh ly  eclosed 
females  f rom b o t h  p o s t - d i a p a u s e  and  n o r m a l  lots  were 
re leased s e p a r a t e l y  in pe t r i  d ishes  l ined w i t h  a b s o r b e n t  
paper .  The  pape r s  were r e m o v e d  a t  p r e - d e t e r m i n e d  in te r -  
va ls  and  f resh pape r s  were p rov ided  ti l l  t h e  insec ts  
s t a r t e d  dy ing  in a n y  of t he  repl icates .  P h e r o m o n e  f rom 
each  such  p a p e r  was e x t r a c t e d  s epa ra t e ly  in  k n o w n  v o l u m e  
of d i e thy l  e ther .  E a c h  e x t r a c t  was b ioassayed  in a n  olfac- 
t o m e t e r  us ing  6 -7 -day-o ld  v i rg in  males  o b t a i n e d  f rom the  
s tock  cul ture .  For  c o m p a r i n g  the  level of respons iveness  
of pos t -d i apause  a n d  n o r m a l  males  to  t he  female  phero -  
mone,  6 -7 -day-o ld  males  f rom these  2 categor ies  were 
assayed  w i t h  a k n o w n  c o n c e n t r a t i o n  of s tock  p h e r o m o n e  
ex t rac t .  The  n u m b e r  of males  a t t r a c t e d  to t he  p h e r o m o n e  
source was scored eve ry  m i n u t e  for 5 rain.  All  assays  were 
r epea t ed  10 t imes  w i t h  10 f resh males  pe r  assay .  The  ol- 
f a c t o m e t e r  a n d  the  m e t h o d  of assay  emp loyed  in these  
s tud ies  were t he  same  as descr ibed b y  ADEESAN et  al. 2. 

Results and discussion. The  p a t t e r n  of p h e r o m o n e  secre- 
t ion,  b y  b o t h  pos t -d i apause  and  n o r m a l  females,  in rela-  
t ion  to  t he i r  age was s ign i f ican t ly  d i f fe rent  (table).  I n  t he  
case of n o r m a l  females,  p h e r o m o n e  secre t ion was h ighes t  
d u r i n g  t he  f i rs t  7 days  a f t e r  eclosion and  s u b s e q u e n t l y  
t he  sec re to ry  a c t i v i t y  d iminished .  B y  a b o u t  t he  12 th  day,  
the  females  s t a r t e d  dying.  However ,  in  pos t -d i apause  
females  m a x i m a l  sec re to ry  a c t i v i t y  was obse rved  up  to 
14 days  pos t  emergence.  E v e n  a f te r  th i s  period,  t he  
females  c o n t i n u e d  to  secrete  the  p h e r o m o n e  up  to  18 
days,  w h e n  t h e y  s t a r t e d  dying.  
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