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remain in the egg-sack until next spring, lst- and 2nd-instar 
spiderlings do not take any food, and no cannibalism 
o c c u r s .  

To discover a possible effect of photoperiod on the winter 
diapause of this spider, egg-sacks collected in the field in 
late September and kept in the outdoor conditions were 
periodically transferred to the laboratory conditions (20 ~ 
70% rel. humidity) under various photoperiods (20 W white 
fluorescent lamp) as given in the table. 3 egg-sacks were 
kept under the outdoor conditions throughout the entire 
period as a control. 
The results are summarized in the table. More than 95% of 
the spiderlings emerged in 26-39 days (average: 31 days) 
from egg-sacks which were kept in the long days over 13.5 h 
light: 10.5 h dark since November 5, i.e., the day of the 1st 
moult. In the short days less than 13 h l ight : l l  h dark, 
however, the percentage emergence was 5-31%, and 140- 
165 days were needed for the emergence. The critical day- 
length seemed to lie between 13 and 13.5 h in this season. 
Interestingly, it was shortened and occurred between 12 
and 13 h when the egg-sack were transferred on December 
15, 40 days after the 1st moult. From the egg-sacks trans- 
ferred on February 4, over 90% emerged in 50 days even in 
10 h light:14 h dark. Egg-sacks kept under the outdoor 
conditions throughout the entire period showed 99% 
emergence 160 days after the 1st moult. 
The growth retardation at the 2nd instar thus seems to be 
diapause or a physiological state similar to that generally 
observed in overwintering insects. The main factor control- 
ling this diapause seems to be a combined effect of 
temperature and photoperiod. A photoperiodic effect was 
clearly recognized before winter, but the critical day-length 
for the termination of diapause was changed during the 
overwintering period. The day-length in the early overwin- 
tering period (November) in central Japan, where the 
specimens were collected, is shorter than the critical day- 
length and shortened further until the winter solstice. 
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Therefore, the diapause in autumn and early winter should 
be maintained by the short days. In mid winter, the 
emergence of the spiderlings seems to be inhibited by the 
coldness per se, while the suppressing effect of short days 
gradually decreases. This is effective to avoid the delaying 
effect of the spring short days. 
The most interesting point in the present results is that the 
diapause in the grass spider is maintained by the short-day 
effect in autumn. Tauber and Tauber 9 cited similar exam- 
ples from insects, among which the diapause character of 
the green lacewing, Chrysopa harrisi seems to be analogous 
to the present case. The critical day-length in the lacewing 
is gradually shortened during winter, and natural day- 
length in the spring is no longer significant as a releaser of 
diapause termination, being far longer than the critical 
value. The situation is similar in the spider, and the major 
function of its photoperiodic response would be to suppress 
the emergence of the spiderlings in autumn when the 
temperature is still above the lower limit for their active 
movement, and thus to ensure successful hibernation. 
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Summary. The in vitro study of the kinetics of 45Ca efflux from adipose tissue of rats reveales 3 pools of exchangeable 
calcium. Calcium content in the intracellular pools of adipose tissue of spontaneously hypertensive rats is increased as 
compared to that in normotensive controls. 

Abnormality in calcium handling by the cell membranes 
14 has been found in vascular smooth muscle - ,  in cardio- 

myocytes 1.2 and in erythrocytes 5 of spontaneously hyperten- 
sive rats (SHR); this gives certain ground for considering 
these findings as fragments of a more wide-spread deficien- 
cy of the membrane maintenance of intracellular free 
calcium concentration. This membrane defect in SHR 
seems to be related, at least, to some types of tissues of 
mesenchymal origin; its possible presence in the cells of 
adipose tissue may explain the differences in the sensitivity 
of adipocytes to the in vitro action of insulin 6, ACTH 7 and 
adrenalin 8 recently found in SHR. 
The present investigation was performed to study the 
features of intracellular calcium distribution in the adipo- 
cytes of SHR by the effiux of 45Ca from the adipose tissue 
in vitro. Since the differences in hormonal sensitivity in a 
number of cases had been found earlier in a series of 
adrenalectomized rats 6-8, a part of the present experiments 
were carried out on previously adrenalectomized animals. 
Material and methods.. Spontaneously hypertensive 10- 

week-old rats (SHR, Kyoto Wistar) with blood pressures of 
180-210 mm Hg were used. The normotensive rats (control 
group) consisted of inbred male Wistar rats (NWR) of the 
same weight and age (BP 80-100 mm Hg). All of the 
animals were kept under the same conditions on standard 
rat diet (briquettes) and tap water from the moment of 
weaning. A part of the study was carried out on rats 
adrenalectomized 7 days prior to the experiment. Follow- 
ing adrenalectomy the rats drank a 1% NaC1 solution. The 
systolic blood pressure (BP) was determined without anaes- 
thesia by means of tail plethysmography. Before decapita- 
tion the rats were starved 24 h with free access to water (or 
a 1% NaC1 solution). After decapitation pieces (200 mg) of 
the epididymal fat pads were cut off, weighed and washed 
in saline solution, preincubated for 2.5 h at 37 ~ in Krebs- 
Ringer phosphate buffer with the addition of 45CAC12 
(0.2 pCi/ml), and washed 3 times with a saline solution for 
1 rnin. In the following 170 min the pieces were passed 
through 29 scintillation vials each containing 1 ml of the 
buffer (t ~ = 25 ~ 
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Calcium distribution in the adipose tissue. SA, SB, Sr and rA, rB, ZC is the size and time of exchange for pools A, B, C, respectively 

Groups Num- Mean diameter Calcium pools (nmole Ca/g wet tissue) Time of exchange (min) 
ber of of fat ceils 
animals (~tm) S A S B S c z A r B z c 

1. Control intact rats 12 37.4_+0.7 138.1+ 6.1 22.9+ 0.6 15.5+ l.l 3 .49_+0.21 20.9+ 1.9 249+ 16 
2. Spontaneously hyper- 14 38.1_+0.8 136.9+ 14.1 52.7+ 6.1 21.8+ 1.1 4.09_+0.27 19.9_+0.6 302+ 52 

tensive rats 
3. Adrenalectomized 13 32.4___0.8 140.6• 7.9 33.3• 4.6 20.4• 1.7 3.91 • 21.0• 194_+ 8 

control rats 
4. Adrenalectomizedsponta- 14 33.4• 153.3• 84.8• 35.7• 4.17_+0.27 18.2• 166• 

neously hypertensive rats 
PI,2 < 0.0001 < 0.001 
P3,4 < 0.0002 < 0.00001 
P 1,3 < 0.05 < 0.05 < 0.01 

Mean values • SE are given. 

100~ %K 
c 

N 

~ 60 1 0 180 t (rain) 

Kinetics of 45Ca2+ efflux from the adipose tissue, a, b and c are 
calcium pools with essentially different values of exchange rate 
constant. 

Radioact ivi ty  ext ruded from the tissue and  radioact ivi ty 
remain ing  in it after  incuba t ion  for 170 rain was deter-  
m ined  on  a scint i l la t ion-l iquid counter  (SL-4002, Inter tech-  
nique)  with correct ion of  the possible differences in the 
efficiency of  the count. Plot t ing of  kinetics of  45Ca efflux in 
semi- logar i thmic  coordinates  (figure) shows 3 exponents  
with essentially different  t ime constants;  this enab led  us to 
use the equa t ion  suggested earlier9: 

S ,=  S a exp ( - t/T A) + S B exp ( -- t / r  B) + S c exp ( - t / r  c ) ,  

where  S t is the a m o u n t  of  exchangeable  calcium left in the 
tissue by the m o m e n t  of  t ime t, SA, SB, S c and rA, rB, rC, is 
the vo lume and  the t ime of  exchange for the 3 calcium 
pools (A, B and  C, respectively). 
Results and discussion. The data  on  calcium conten t  in the 
adipose tissue in the 3 pools (A, B and C), and  the t ime of  
calcium exchange in these pools are given in the table.  The  
t ime of  calcium exchange in the A, B and  C pools is in good 

10 1 agreement  with  the data  of  Kissebach et al. , w h c h  were 
ob ta ined  on isolated adipose cells. According to the data  of  
this study, the most  rapidly exchangeable  A pool  refers to 
calcium localized on  the cell surface and to calcium of  the 
extracel lular  space, while B and  C pools refer  to intracel lu-  
lar calcium 2~ The  most  slowly exchangeable  C pool  is 
evident ly  related to the calcium accumula ted  in the mito-  
chondr ia  of  adipocytes,  since the rate cons tant  of  its ex- 
change  ( k =  I / r e =  0.0040 min  -I) agrees well with the rate 
cons tan t  of  Ca efflux from isolated hepatocyte  mi tochon-  
dr ia  H. As it is seen from the table,  the pa ramete r s  of  the 
rapid ly  exchangeable  (extracel lular)  calcium pool  (A) are 
the same for the adipose  tissue of  all groups of  an imals  
studied.  The differences in calcium dis t r ibut ion in the 
adipose  tissue in intact  hyper tens ive  and normotens ive  rats 
refer  to in t racel lu lar  B and  Ca calcium pools (in the 

adipose  tissue of  SHR the value  of  these pools is respective- 
ly 2.3 and  1.4 t imes larger  t han  that  of  the control) .  
Adrena l ec tomy  does not  affect the extracel lular  calc ium 
pool  while the value  of  the B and C pools increases. The  
differences in the value o f  in t race l lu lar  B and  C pools 
be tween  hyper tens ive  and  control  rats are m a i n t a i n e d  af ter  
adrena lec tomy,  despite the essential  change in their  abso-  
lute value (in the adipose tissue of  hyper tensive  adrenalec-  
tomized rats the value of  the B and C pools is 2.6 and  1.7 
t imes larger than  that  of  ad rena lec tomized  control  rats). No 
significant  differences were found  in the t ime of  calcium 
exchange in A, B and  C pools  be tween  hyper tensive  and  
control  rats, in the series of  intact  animals,  as well as in the 
series of  rats subjected to adrena lec tomy.  The  differences in 
the values of  B and C pools are not  de te rmined  by the size 
of  the cells: the d iamete r  of  adipose cells in intact  rats is 
a lmost  the same in the groups be ing  compared ;  adrenalec-  
tomy, which causes d iminu t ion  of  the d iamete r  of  adipose  
cells by 12 14%, does not  result  in any difference be tween  
the groups. 
We suggest that  the revealed features  of  intracel lular  cal- 
c ium dis t r ibut ion  in adipose tissue of  SHR may  explain the 
enhanced  sensitivity of  their  adipocytes  to ACTH,  which 
was demons t r a t ed  in exper iments  on isolated adipocytes  by 
measur ing  the c -AMP conten t  and rate of  lipolysis (this 
r i fference was found in bo th  the intact  and adrenalec to-  
mized rats) 7. However ,  the enhanced  adipocyte sensitivity 
to certain o ther  ho rmona l  agents (adrenal in  8, insulin6), 
which are less d e p e n d e n t  on calcium, was revealed in SHR 
only in the series of  pre l iminar i ly  adrena lec tomized  ani- 
mals. This  is apparen t ly  due to the fact that, in the absence  
of  the stabil izing effect of  the cort icosteroid h o r m o n e s  on  
the adipocyte  m e m b r a n e  (af ter  adrenalec tomy) ,  the differ- 
ence in the size of  in t racel lu lar  pools be tween  SHR and  
N W R  increases even more  (see table). 
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