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of insects  (summarized by  EDWARDS and  PATToNll) and 
it is sensi t ive to  acetazolamide.  

Ouabain  and  ace tazolamide  when  admin is te red  toge the r  
(Figure E) were no more  effect ive t h a n  when  admin i s t e red  
alone (Figure C and  D). This m a y  be expla ined  in one of 
several  ways.  OuabMn and ace tazolamide  m a y  inhibi t  
the  same enzyme  in G. morsitans, b u t  th is  seems very  
unl ikely because of the  specif ic i ty  of these  inhibi tors  in 
o ther  organisms.  I t  is also possible t h a t  one of the  inhibi tors  
is blocking the  absorp t ion  of the  o the r  so t h a t  no addi t ive  
or synergis t ic  effect  can be observed.  The mos t  in t r iguing 
possibi l i ty  is t h a t  the  ouabain-sens i t ive  Na+K+ATPase  
and  the  ace tazolamide-sens i t ive  carbonic  anhydrase  

n L.J. EDWARDS and R. L. PATTON, J. Insect Physiol. 13, 1333 (1967). 
12 I thank Miss M. I. BUICK Ior her assistance in maintaining the 

tsetse colony, Mr. B. M. ROLSETH for his assistance in this experi- 
ment and Dr. D. A. CRAIG and Dr. B. K. MITCHELL for their eolu- 
ments on the manuscript. This work was financed (ill part) by a 
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inf luence ion and wa te r  t r a n s p o r t  across the  same mem-  
brane  wi th  H+ serving as the  counter ion  dur ing  t r a n s p o r t  
of Na+. 

If  ouabain  and  ace tazolamide  func t ion  in G. morsitans 
in the  same way  as t h e y  func t ion  in o the r  animals  t hen  
m y  resul ts  suggest  t h a t  water  excre t ion  by  t se tse  flies 
involves  t r a n s p o r t  across membranes .  If  th is  is t rue  also 
for female G. austeni it  suggests  t h a t  the  mos t  likely 
exp lana t ion  of ToBE's resul ts  is the  co mp a r t men t a l i z a t i on  
model  he p roposed  ~. 

Summary. Acetazolamide  and  ouabain,  metabol ic  
inhibi tors  which  interfere  wi th  cer ta in  m e m b r a n e  t r a n s p o r t  
sys tems,  reduce the  ra te  of wa te r  e l iminat ion  by  male 
Glossina morsitans morsitans. The resul ts  suggest  t h a t  wa te r  
is t r a n s p o r t e d  across m e m b r a n e s  dur ing diuresis and  t h a t  
a ouaba in  sensi t ive Na+K+ATPase  and  an ace tazolamide-  
sensi t ive carbonic  anhydrase  are involved in diuresis.  
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S e a s o n a l  Var ia t ions  in M i t o s i s  in the Frog:  A Field Study  I 

Our l abora to ry  has recent ly  ob ta ined  evidence suggest-  
ing seasonal  var ia t ion  in mi to t ic  ac t iv i ty  of the  frog 
(Rana pipiens, Rana catesbeiana) lens which  is med ia ted  
b y  anter ior  p i tu i t a ry  factors.  The work  was per fo rmed  
shor t ly  af ter  the  expe r imen ta l  animals  were secured f rom 
commercia l  supply  houses. I t  was impossible  to  be cer- 
ta in  of the  condi t ions  to which  t h e y  were sub jec ted  en- 
route  to the  labora tory .  Fu r the rmore ,  suppliers  d i s t r ibu te  
var ious  races and even subspecies of Rana pipiens 
wi thou t  d i f ferent ia t ing  among  them.  In  order  to over-  
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Fig. 1. Fluctuations in lens (�9 and corneal (A) mitoses through the 
year. The number of division figures in the tissues rises between 
April and May. From December until April, no mitoses are seen in 
lenses and their frequency in cornea is very ~ow. The water tempera- 
tures presented were measured when collections were made. Air 
temperatures are averages (daily) obtained from the U.S. National 
Weather Service, Burlington, Vermont. Note that the peak of 
activity is reached in both cases during June and that there is a 
subsequent decline despite a continued rise in temperature. 

come the  uncer ta in t ies  in i n t e rp re t a t i on  of d a t a  caused by  
these  factors,  we u n d e r t o o k  a field s t u d y  in which  all 
frogs were purchased  f rom a single suppl ier  located  here 
in V e r m o n t  (Lake Champla in  Frog  Farm,  Alburg,  Ver- 
mont) .  The resul ts  of th is  s t u d y  are r epor ted  here. 

Materials and methods. The animals  all a r r ived  in t h e  
same s h i p m e n t  and  or ig inated f rom a popu la t ion  indi-  
genous to th is  vicini ty.  They  were placed in a sui table  
enclosure in a pond  in Shelburne,  V e r m o n t  in September ,  
1973. Sampl ing  commenced  in October,  1973 and  was 
carried t h ro u g h  unti l  October,  1974. Collections were 
made  as close to the  15th of each m o n t h  as possible.  The 
frogs were sacrificed soon af ter  capture .  Lens  and  corneal  
ep i the l ium were p repared  for histological  examina t ion .  
W h o l e - m o u n t s  of the  above t issues were scored for 
mi to t ic  ac t iv i ty .  

Samples  of kidney,  skin and lung were placed in Ear le ' s  
Ba lanced  Salt  Solut ion for 5 min so t h a t  t h e y  could 
equi l ibra te  w i th  room t e m p e r a t u r e  (24 • 2~ They  
were t h e n  exposed  to aH-thymidine .  The t issues were 
f ixed and  then  sect ioned for au to rad iography .  

Dur ing  the  fall the  animals  became to rp id  and were 
re t r ieved  in th is  s ta te  f rom the  pond.  In  win te r  months ,  
t h e y  were  secured by  drilling t h ro u g h  the  ice cover  wi th  
an auger.  Tempera tu r e s  of b o t h  wa te r  and  air were 
recorded  over  the  13 m o n t h  period.  

In  several  exper iments ,  h y p o p h y s e c t o m i e s  were per-  
formed.  These were executed  according to  t he  procedure  
of HOGBEN 2. Only the  adenohypophys i s  was removed.  

Results. Figure  1 shows t h a t  mi to t ic  ac t iv i ty  of the  
frog lens ep i the l ium aba tes  be tween  October  and  April.  
The wa te r  t e m p e r a t u r e  a t  th is  t ime  var ied  f rom 4~ - 
9 ~ Corneal  ep i the l ium was no t  eva lua ted  in every  m o n t h  
bu t  showed ex t r eme ly  low mi to t ic  ac t iv i ty  dur ing  No- 
vember ,  December ,  March and  April.  A not iceable  
increase in prol i fera t ion  is seen in b o t h  t issues dur ing  
May and  June.  The corneal  ep i the l ium shows a m u c h  
larger response  t h a n  does t h a t  of the  lens. 

1 This work was supported by USPHS Grant No. EY 00281-11 
from the National Eye Institute. 
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Fig. 2. Autoradiograms of kidney sections which originated from animals retrieved in November (B) and July (A i. Both samples were incubat- 
ed at 24 :L 2 ~ in Eagle's minimal essential medium. Expolure to 3H-thymidine 5 [~Ci/inl; Spec. Act. 6.4 Ci/mM) was for 1 h. • 500. 

The o ther  t issues s tudied  seemed to  behave  as did the  
lens and  cornea.  There  t ended  to be l i t t le or no DNA 
syn thes i s  dur ing  the  cold m o n t h s  and  a var iable  b u t  
s ignif icant  a m o u n t  dur ing  the  w a r m  ones. Figures  2A and  
B show some typica l  specimens  of renal  t issues secured 
f rom animals  dur ing  Ju ly  and  November .  

One can ob ta in  a response  in the  l abora to ry  which  is, 
in m a n y  respects ,  similar to  t h a t  recorded in t he  sea- 
sonal  s t u d y  (Figure 3). I t  is of in te res t  to  note  t h a t  hypo-  
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DAYS AFTER R E M O V A L  �9 FROM C O L D  

Fig. 3. The mitot ic rebound in lens (�9 and cornea (&) which was 
obtained in the laboratory is il lustrated. The animals were kept at 
4~ for 2 weeks. During this time mitosis disappears almost com- 
pletely. The curves show reinitiation of proliferation after the frogs 
were placed at 24 4- 2 ~ Corneal activity resumed within the first 
day of transfer whereas 9 days were required for the lens. Hypophy- 
sectomy prevents the rebound in lens (0) but has no apparent effect 
on the corneal (m) response. Curves are drawn through the averages. 

p h y s e c t 0 m y  inhibi ts  t he  mi to t ic  r ebound  in lens b u t  fails 
to  in ter fere  w i th  the  response  of corneal  epi thel ium.  Sham 
h y p o p h y s e c t o m y  does no t  a l ter  mi to t ic  f requency.  

Discussion. Seasonal  var ia t ions  in lent icular  mi to t ic  
ac t iv i ty  have  also been  repor ted  by  SAKHAROVA and  
G O L I T C H E N K O V  3 for Rana temporaria. These au thors  
observed  re la t ive ly  h igh  ra tes  of division dur ing the  w a r m  
p a r t  of the  year  and low ones dur ing  the  cold mon ths .  
Our view is t h a t  the  increase in mitosis  dur ing spr ing (in 
Rana pipiens' lenses) is d~e to  t e m p e r a t u r e - i n d u c e d  
h y p o t h a l a m i c  release w i th  subsequen t  invo lvement  of 
appropr i a t e  anter ior  p i t u i t a ry  ho rmones  4-s. Anter ior  
p i t u i t a ry  h o rmo n es  f rom frogs have  been ob ta ined  in pure  
fo rm in our  l abo ra to ry  by  gel electrophoresis .  Of these,  
g rowth  h o r m o n e  and pro lac t in  are able to s t imula te  DNA 
synthes i s  and  mitosis  in the  lenses of h y p o p h y s e c t o m i z e d  
organisms 7, s. 

W o u n d  hyperp las ia  in frog lens epi thel ium is inh ib i ted  
in h y p o p h y s e c t o m i z e d  frogs and  can be re in i t ia ted  a t  the  
in jury  site by  m e a n s  of r ep lacemen t  therapy% Ongoing 
s tudies  wi th  in jured  corneal  ep i the l ium and e n d o t h e l i u m  
suggest  t h a t  t issue repair  (via  mitosis),  in the  l a t t e r  bu t  
no t  the  former,  requires  p i tu i t a ry  factors.  

To w h a t  degree mitosis  in ext ra-ocular  t issues is 
inf luenced by  p i t u i t a ry  fac tors  we Cannot say a t  th is  
t ime.  A more  deta i led  r epor t  of these  f indings will appea r  
present ly .  
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Summary. Field  s t u d i e s  h a v e  shown  t h a t  t he re  is a 
seasonal  v a r i a t i o n  in mi tos i s  of lens a n d  cornea l  ep i the -  
l ium (high jn May  and  June ,  low d u r i n g  t he  res t  of t he  
year) .  Th i s  p h e n o m e n o n  can  be r ep roduced  in t h e  l abora -  
t o r y  b y  t e m p e r a t u r e  m a n i p u l a t i o n .  The  response  in t he  

lens depends  on t he  presence  of t h e  p i t u i t a r y  g land  whi le  
t h e  cornea l  one seems to be  i n d e p e n d e n t  of it .  
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Relat ionship  Between  C a - A T P a s e  Act iv i ty  and Subuni ts  of Myos in  in the M y o c a r d i u m  of Rats  
Condit ioned by  S w i m m i n g  

N a t i v e  myos in  of fas t  (F-myosin) ,  slow (S-myosin)  and  
card iac  (C-myosin) muscle  prossesses A T P a s e  ac t iv i ty .  The  
A T P a s e  a c t i v i t y  of e x t r a c t e d  a n d  pur i f ied  m y o s i n  in v i t ro  
can  be  a c t i v a t e d  in severa l  ways,  e.g. b y  Ca ++ . This  
a c t i v i t y  can  be  changed  u n d e r  n o r m a l  c i r cums tances  or 
fol lowing chronic  a l t e r a t ions  of physiological  s t a t e  (devel- 
o p m e n t  of o rgan i sm 1, work  over load  2,3, muscle  d y s t r o p h y  *, 
h e a r t  failurea,  5). I t  seems t h a t  the  e n z y m a t i c  a c t i v i t y  of 
con t rac t i l e  p ro t e in s  genera l ly  corre la tes  w i t h  t he  func t iona l  
a n d  con t rac t i l e  c a p a b i l i t y  of t he  respec t ive  muscle1,% 
The  m e c h a n i s m  b y  wh ich  t he  e n z y m a t i c  a c t i v i t y  of 
myos in  is changed ,  as well  as the  reciprocal  changes  in t he  
myos in  molecule  which  enab le  th i s  d y n a m i c  of t he  A T P a s e  
a c t i v i t y  and  force ve loc i ty  re la t ion,  is of cons iderab le  
theo re t i ca l  i n t e r e s t  and  t o d a y  is still  unclear .  

The  a im  of t h e  p r e s en t  s t u d y  was to d e t e r m i n e  w h e t h e r  
changes  in t he  specific Ca -ATPase  a c t i v i t y  in con t rac t i l e  
p ro te ins  fol lowing work  over load  are l inked  causa l ly  w i t h  
the  changes  in molecu la r  we igh t  of t he  l igh t  cha ins  (LC) 
of myos in  or t he  change  in t he i r  p r opo r t i ons  to  each  
other .  

The  Ca-ATPase  ac t iv i t ies  were s tud ied  in t he  cardiac  
ac tomyos in -  a n d  myos in  so lu t ions  f rom con t ro l  r a t s  (CH) 
and  of r a t s  cond i t ioned  b y  swimming  (SH). T he  d u r a t i o n  
of s w i m m i n g  (water  t e m p e r a t u r e  35~ was 100-120 h 
in 8-10 weeks. 

A c t o m y o s i n  was e x t r a t e d  f rom fresh v e n t r i c u l a r  t issue 
us ing 3 vol. of Webe r -Edsa l l - so lu t i on  for 24 h a t  4~ and  
pur i f ied  b y  r epea t ed  p rec ip i t a t ion .  The  myos in  was 
p r epa red  b y  d issocisa t ion  of t he  above  a c t o m y o s i n  b y  the  
u l t r acen t r i fuga l  s epa ra t i on  of myos in  a n d  ac t in  accord ing  

to WEBER 7. Af te r  s w i m m i n g  t ra in ing ,  Ca+~-ATPase  
a c t i v i t y  in ac tomyos in -  a n d  myos inso lu t ions  was signifi- 
c a n t l y  increased  c o m p a r e d  to  t he  con t ro l  rats .  This  he ld  
good for a l a r g e  r ange  of d i f fe ren t  Ca ++- and  K+-con - 
c e n t r a t i o n s  2. 

B y  SD S-gel e lec t rophores i s  s us ing  10 % po lyacry lamide ,  
we found  t h a t  card iac  myos ins  f rom b o t h  t r a i ned  (SH) 
a n d  u n t r a i n e d  (CH) r a t s  posses 2 l igh t  cha ins  w i th  a mol  
w t  f rom 26,000 (LCz) a n d  18,500 (LC2). Differences  in  mol  
w t  be tween  2 l igh t  cha ins  of CH a n d  of S H  could be 
excluded.  

However ,  t he  s t o i c h o m e t r y  of these  cha ins  ind ica t ed  
t h a t  the  changes  in t he  e n z y m a t i c  a c t i v i t y  of C-myos in  of 
t r a i n e d  ra t s  were a c c o m p a n i e d  b y  an  a l t e red  q u a n t i t a t i v e  
r e l a t ionsh ip  of b o t h  l igh t  cha ins  of myos in .  The  re la t ive  
a m o u n t  of t he  e lec t rophore t i ca l ly  s lower c o m p o n e n t  (LCI) 
w i t h  a tool wt  of 26,000 was s ign i f ican t ly  h igher  in myos in  
f rom SH t h a n  in t he  myos in  f rom CH. W h e r e a s  t he  r a t io  

1 I. P. TRAYER and S. V. PERRY, Biochem. Z. 345, 87 (1966). 
2 l. MEDUGORAC, A. I~s and R. JACOB, in Hoppe-Seyler's 

Z. Physiol. Chem. 356 (1975), in press. 
3 S. ORGANESSYAN, T. ZAMINIAN, N. BAY, V. PETROSIAN, A. KOSCtt- 

KARIAN, I. MARTIROSIAN and M. ELOYAN, J. molee, cell. Cardiol. 
5, 1 (1973). 

4 G. g .  LOBLEY, S. V. PERRY a n d  D. STONE, Na tu re ,  Lond .  231, 317 
(1971). 

5 R. J .  LucHi ,  E. M. KRITCHER a n d  P. T. THYRUM, Ci rcu la t ion  Res. 
24, 513 (1969). 

6 j .  KENDRICK-JONES and S. V. PERRY, Biochem. J. 703, 207 (1967). 
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Fig. 1.:Average shift in the relation LC1/LC 2 in SH (146:100) 
in comparison with CH (124 : 100). SH, cardiac myosin of rats 
conditioned by swimming; CH, cardiac myosin of control rats. 


