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Studies  on the T u r n - O v e r  and Dis tr ibut ion  Be tween  P l a s m a  and Blood Cells of 
Radioact ive  Pa lmitate  in Pregnant  Rats  

Using  t h e  t r ace r  e x p e r i m e n t  in  a c o m p a r t m e n t a l  
s y s t e m  for t he  e s t i m a t i o n  of r a t e  cons tan t s ,  precise d a t a  
of t he  specific a c t i v i t y  changes  of the  in i t ia l  c o m p a r t m e n t  
are required .  I f  r ad i oac t i ve  p a l m i t a t e  is used as t r a c e r  for 
free f a t t y  acids (FFA) a n d  t he  in i t i a l  c o m p a r t m e n t  is the  
p lasma ,  a t  zero t i m e  t h e  d e t e r m i n a t i o n  of the  specific 
a c t i v i t y  is no t  possible,  because  in phys io log ica l  research  
t he  cond i t ion  of un i f o r m  m i x i n g  of label  does no t  exis t  
a t  ze ro  t ime.  I t  has  been  c o m m o n l y  held  * t h a t  t he  va lue  
a t  zero t i m e  o b t a i n e d  b y  e x t r a p o l a t i o n  is t a k e n  for 100% 
of in jec ted  r a d i o a c t i v i t y ;  b u t  t he  e x t r a p o l a t e d  va lue  is 
no t  r e l a t ed  to  m e a s u r m e n t s  of t he  ac tua l  in j ec ted  rad io-  
ac t iv i ty .  

W e  could no t  a ccoun t  for a ce r t a in  f r ac t ion  of i.v. 
i n j ec ted  labeled  F F A  w h e n  e x t r a p o l a t i n g  t he  d a t a  to  
zero t ime  a n d  found  t h a t  th i s  miss ing  f r ac t ion  of radio-  
a c t i v i t y  was p r e sen t  in  t he  b lood  ceils. The  p r e s e n t  
s t u d y  was c o n d u c t e d  to d e t e r m i n e  t he  p r o p o r t i o n  of i.v. 
i n j ec t ed  label led  F F A  en t e r i ng  t he  b lood  cells. 

Methods. The  p l a sma  v o l u m e  of p r e g n a n t  W i s t a r  r a t s  
(21 days)  was  d e t e r m i n e d  b y  E v a n s  b lue  2. P r e g n a n t  
W i s t a r  r a t s  (21 days)  were a n e s t h e t i z e d  a n d  a l b u m i n -  
b o u n d  r ad ioac t i ve  p a l m i t a t e  in jec ted  in to  t he  ta i l  vein .  
A t  i n t e rva l s  f rom 0.2 m i n  to 0.7 m i n  a f t e r  t he  in ject ion,  
venous  cap i l la ry  b lood was col lected f rom the  o p h t h a l m i c  
sinus.  The  se rum was e x t r a c t e d  for l ip ids  accord ing  to t he  

Distribution of radioactivity in blood after the injection of radio- 
active palmitate into the tail vein of pregnant rats 

Sample Recovered radioactivity 

Serum 82 4- 4 
1.0.9% saline wash 9 4- L6 
2.0.9% saline wash 0.8 -E 0.2 
Blood ceils 9 4- 0.9 
Torsi recovery 100.8 

The radioactivity recovered in each sample is expressed as per- 
centage of radioactivity found in whole blood (=  100 %). VMues are 
shown as means 4- S.D. of 7 experiments. 
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Disappearance curve of tracer from maternal plasma after injection 
of palmitate-l-l~C. The fractional turnover rate 2 was estimated by 
linear regression to be 1.2 4- 0.12 min -1 (mean 4- standard error). 
Each value represents the mean of 2 to 4 estimations. The number of 
estimations is indicated in the figure. Data, which are plotted on a 
semilogarithmic scale, are obtained from 5 rats. 

m e t h o d  of FOLCH et  al. a n d  assayed  for r ad ioac t i v i t y .  The  
d i s appea rance  ra t e  of inj ec ted p a l m i t a t e  was e s t i m a t e d  b y  
l inear  regress ion analysis .  Deta i l s  of t he  m e t h o d s  used 
h a v e  a l r eady  been  descr ibed  a. A t  0.4 ra in  to  0.6 ra in  
a f te r  t he  in jec t ion  of label,  b lood was also col lected f rom 
the  v e n a  cava  infer ior  us ing  a syr inge  c o n t a i n i n g  s o d i u m  
ci t ra te .  The  b lood was cent r i fuged ,  a n d  t he  s e rum saved.  
The  s e rum t r a p p e d  in t he  b lood  cells was  recovered  
b y  r epea t ed  wash ing  w i t h  physiological  saline.  The  b lood  
cells were hemolyzed  in water .  Samples  of blood, 
serum,  sal ines and  b lood  ce l lswere  dissolved in H y a m i n e ,  
t o luene -coun t i ng  so lu t ion  was added,  coun t ed  ill a 
P a c k a r d  sc in t i l l a t ion  counter ,  and  cor rec ted  for quench ing .  

A n o t h e r  a l iquo t  of t he  w a s h e d  b lood  cells was 
e x t r a c t e d  for l ipids  w i t h  c h l o r o f o r m - m e t h a n o l  (2:1, v /v)  
for 48 h, and  washed  w i t h  water .  The  l ip id  e x t r a c t  was  
sepa ra t ed  b y  t h i n  layer  c h r o m a t o g r a p h y ,  and  t he  radio-  
a c t i v i t y  of t he  i n d i v i d u a l  f rac t ions  was de t e rmined .  
A n o t h e r  a l iquo t  of t he  washed  b lood  cells was suspended  
in se rum (1:1, v /v)  of p r e g n a n t  rats ,  i n c u b a t e d  a t  37~ 
for 1 rain,  centr i fuged,  and  t he  se rum was saved.  The  
res idua l  s e rum was recovered  b y  r epea t ed  wash ing  
w i t h  physio logica l  saline. The  r a d i o a c t i v i t y  in  t he  s e rum 
and  sal ines  were d e t e r m i n e d  (see above) .  

Results. The  p l a s m a  v o l u m e  of p r e g n a n t  W i s t a r  r a t s  
(21 days) is 4.3 4- 0.3 ml  per  100 g b o d y  weight .  The  
Figure  shows the  d i s appea rance  curve  of r ad ioac t i ve  
p a l m i t a t e  f rom p lasma.  Af ter  t he  in jec t ion  of (20 4- 0.4) 
• 106 c p m  (=Co) t i le  d i s a p p e a r a n c e  cu rve  s t a r t s  a t  zero 

t ime.  The  e x t r a p o l a t e d  va lue  for  Co is (17 + 2) • 106 cpm.  
The  d i s t r i b u t i o n  of label  in t he  b lood a t  0.4 ra in  to  0.6 m i n  
a f te r  in j ec t ion  of label  is r ep resen ted  in t he  Table .  Of t he  
t o t a l  r a d i o a c t i v i t y  in  b lood cells 80 :~ 15% are recovered  
in tile F F A  fract ion,  and  20 4- 4 %  (n = 4) in t he  phospho-  
l ipid f ract ion.  Af te r  i n c u b a t i n g  b lood  cells a n d  serum,  
70 4- 6% (n = 3) of t he  t o t a l  r a d i o a c t i v i t y  p re sen t  in  
b lood  cells are recovered  in serum. 

Discussion. I n t r a v e n o u s l y  in jec ted  r ad ioac t ive  pa lmi -  
t a re  is v e r y  r ap id ly  e l imina t ed  f rom the  c i rcula t ion  of 
p r e g n a n t  rats .  The  in i t i a l  slope of t he  d i s a p p e a r a n c e  cu rve  
follows a s imple  e x p o n e n t i a l  f unc t i on  d u r i n g  the  f i rs t  
m i n u t e  (Figure).  Th i s  f ind ing  was  also r epo r t ed  for  
n o n - p r e g n a n t  r a t s  ~, ~. W h e n  e x t r a p o l a t i n g  the  cu rve  to  
zero t ime,  we found  only  85% of t he  in jec ted  label  in  t he  
serum. Two po in t s  could qua l i fy  for the  miss ing  radio-  
ac t iv i ty .  Firs t ,  d u r i n g  in jec t ion  a f r ac t ion  of in jec ted  
label  d i sappear s  f rom p l a s m a  a t  t he  t u r n - o v e r  ra te ,  a n d  
second,  some exchange  of label  is cons idered  possible  
be tween  b lood  cells F F A  and  p l a s m a  F F A  6. The  
d u r a t i o n  of in j ec t ion  (At) r anged  f rom 4 to  5 sec. The  loss 
of r a d i o a c t i v i t y  (AC) occur r ing  d u r i n g  in jec t ion  can  be  

2 d r  
a p p r o x i m a t e d  as AC = -  • 100% of t he  i n j ec t ed  labeI. 

2 
The  loss a m o u n t s  to  5%. 9% of t he  in jec ted  label  could 
be shown to be p re sen t  in b lood  ceils, wh ich  could no t  
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be r emoved  by washing wi th  0.9% saline. 1/5 of the  label 
p resen t  in b lood ceils was incorpora ted  in the  phospho-  
lipid fraction.  The bulk of label was recovered in the  F F A  
fract ion of blood cells, which  was shown to be ex- 
changeable  wi th  the  p lasma FFA.  

The results  are in te rp re ted  to indicate  t h a t  1 F F A  
c o m p a r t m e n t  6 of blood cells s is t h o u g h t  to  have  so 
rapid  a t u rnove r  t h a t  the  F F A  c o m p a r t m e n t  of t he  
p lasma and blood cells may  be considered as one com- 
p a r t m e n t ,  which  is grea ter  t h a n  the  F F A  c o m p a r t m e n t  of 
the  p lasma FFA.  Thus, q u a n t i t a t i v e  considera t ions  of 
the  fate of in jec ted  label m u s t  be emphas ized  in order  to 
avoid spurious low values for the  tu rn -ove r  ra te  of 
p la sma  FFA.  

The F F A  concen t ra t ion  of 21 days  p r e g n a n t  ra ts  
ma in t a ined  under  l ight  e ther  anes thes ia  for approxi -  
ma t e l y  7 rain was found  to  be 0.64 ~M/ml pIasma 7. 

Zusammen/assung. 20 sec nach  i.v. In jek t ion  radio- 
ak t iven  Pa lmi t a t e s  f indet  man  9% der IRadioaktivitS, t in 
den Blutzel len,  wo sie zn 80% in der F F S - F r a k t i o n  
nachgewiesen wurde.  Das rad ioakt ive  Pa l mi t a t  kann  
durch  Serum, n icht  aber  durch  physiologische Kochsalz-  
16sung aus den Blu tze l len  en t fe rn t  werden.  Bei Nieht -  
beach ten  dieser Befunde  wird  die U m s a t z r a t e  der F F S  
des Serums zu niedrig be s t immt .  

L. HUMMEL and A. SCHWARTZE 
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D N A - F e u l g e n  Value  in Bra in  Cel ls  of  the  Adul t  W o r k e r  H o n e y b e e  D e p e n d e n t  on  A g e  z 

The ques t ion  of whe the r  a correlat ion exists  be tween  
DNA con ten t  per  nucleus and age of bees was invest igated.  
The inves t iga t ions  covered the  Iifespan f rom the  emer-  
gence to 30 days  of adul t  life. 

One brood comb was placed in a t he rmos t a t i c ly  con- 
t rol led incuba tor  a~ 35 ~ The young  bees t h a t  ha t ch ed  
in the  incuba tor  were marked  wi th  paint ,  lX~[ost of the  
bees were res tored to the  beehive  while app rox ima te ly  
70 were ma in t a ined  in a wire mesh  cage (25 • 7 • 3 cm) 
wi th in  the  hive, t he r eby  proh ib i t ing  normal  age -dependen t  
behavior  2. 

The heads  of the  bees, 0, 2, 4, 6, 8, 10, 12, 15, 18, 22, 26 
and 30 days  of age, were dissected,  s tored in 10% glycerol 
which was immed ia t e ly  frozen in fluid n i t rogen ( --196 ~ 
Some days  later, the  heads  were t hawed  and the  bra ins  
r emoved  f rom which  the  corpora peduncu la t a  (CP) 
were dissected out. The t issues were f ixed for 10 sec in 
50% HAc, the rea f t e r  for 15 rain in 70% alcohol, and  
hydrolys is  for 30 min  at  room t empera tu r e  in 5 ~z HCI 
subsequen t  to  s ta in ing for 2 h in t he  Feulgen solution.  
i n  order  to ob ta in  a measurable  layer of in t ac t  round  
nuclei, the  freezing process was essential.  

P repara t ions  f rom 3 bees f rom each age group were 
s l ight ly squashed  under  a siliconized cover slip. The 
absorp t ion  of the  DNA-]Feulgen complex  was measured  at  
567 n m  on 12 smeared  nuclei for each CP wi th  a Zeiss 
m ic ropho tom e te r  01 by  the  plug method .  Diploid nuclei 
wi th  only app rox ima te ly  equal radi i  were measureda,  ~ 
which made  it necessary  to  correct  the  DNA value for 

each nucleus wi th  the real radius.  The mean  radius  of the  
nuclei  measured  was 1.127 ~= 0.006 ixm. The D N A  con ten t  
of the  nuclei  m u s t  sat isfy the  cr i ter ion t h a t  D N A  had  no t  
been  synthes ized  in p repa ra t ion  for a mi to t ic  division. 
Ear l ier  inves t iga t ions  have  shown no mi to t ic  ac t iv i ty  
occurs la ter  t h a n  3 days  pr ior  to  emergence  ~, 5. 

F r o m  the  results  in the  ]Figure, it  was observed t h a t  in 
the  young bees the  D N A  values var ied  widely.  The D N A  
value of bees a t  2 days  of age showed a 30% lower value 
compared  to newly emerged  bees. F r o m  the  2rid to the  
4th day, the  D N A  value increased 47%. At  the  10th day, 
a t h i rd  peak  was observed.  I t  is possible t h a t  the  real 
m i n i ma  and m a x i m a  of the  D N A  values  lay somewhere  
be tween  the  age groups inves t iga ted .  Forager  bees, 22 to 
30 days  old, showed a cons t an t  D N A  value wi th  a 
devia t ion  less t h a n  3%. 

1 Supported by the Schweizerischer Nationalfonds zur FDrderung 
der wissenschaftliehen Forschung (No, 3.187.69) and Sandoz 
Stiftung zur Fgrderung der mediziniseh-biologischen Wissen- 
sehaften. 
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Verlag, Berlin 1969), p. 41. 
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Zfirich. 
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Age dependent DNA-Feulgen val- 
ues measured in brain cells (CP) of 
adult worker honeybee. Relative 
amount of DNA in bees kept under 
natural conditions (--). Relative 
amount of DNA in bees maintained 
in a wire mesh cage (---). Signif- 
icant differences (p = <0.05) 
betweezl consecutive age groups 
indicated by * sign (analysis of 
variance and Duncan-test). The 
day of emergence was taken as 
day 0. 


