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Cytophotometr i c  Invest igat ions  on the Influence 
of Heavy  Water upon the Nucle ic  Acid Content 

of T u m o u r  Cells 

H e a v y  water  (D,O) causes complex  changes  of physio-  
logical and  biochemical  react ions  in cel lsh The mi to t ic  
cell divis ion is mos t  severely impai red  2, 3. We  inves t iga ted  
the  influence of D,O upon  the  nucleic acid con ten t  of 
t umour  cell nuclei and compared  the  results  ob ta ined  wi th  
the  influence of a cy tos ta t ic  4. We incuba ted  a suspension 
of 104 ce l l s /mm 3 of a 13-15 days  old Ehr l i ch  ascites tu-  
mour  in a shaking incuba tor  a t  37 ~ wi th  a D~O Ringer ' s  
solut ion (99.8 a t o m p e r c e n t  D). For  comparison,  cont ro l  
inves t iga t ions  w i th  normal  Ringer ' s  solut ion were per-  
formed under  the  same condit ions.  The smears  were 
s ta ined according to Feulgen ' s  m e t h o d  and  wi th  gallo- 
cyanine ch roma lum according to EINARSON. 100 nuclei of 
each D20 tes t  wi th  bo th  s ta inings were measured  wi th  a 
c y t o p h o t o m e t e r  of our own cons t ruc t ion  5 and s imul ta-  
neously  compared  wi th  100 nuclei f rom the  H20 tests .  
The to ta l  n u m b e r  of measuremen t s  a m o u n t e d  to 3600 
nuclei a f ter  1 h of incuba t ion  and 3200 nuclei af ter  2 h. 
The relat ive dye con ten t  of one nucleus is calculated in 
a rb i t ra ry  units  (AU) on the  basis of the  mean  ex t inc t ion  
and the  relat ive nucleus surface wi th  the  help of the  plug 
method*.  In  the  Table,  the  a rb i t r a ry  uni ts  of the  control  
tes ts  in H20 Ringer ' s  solut ion are t aken  as 100%. The 
in tens i ty  of Feulgen ' s  react ion is a measure  for the  con- 
t e n t  of pur ine-desoxyr ibose-nucleosides ,  which is gen- 
erally re la ted  to DNA, while the  gal locyanine ch roma lum 
s ta in ing quan t i t a t i ve ly  demons t r a t e s  the  acid p h o s p h a t e  
groupsL After  2 h our tes ts  show a decrease of the  Feulgen 
reac t iv i ty  which is s ignif icant  wi th  a p robab i l i ty  of error 
of 0.5% (Wilcoxon tes t  for pair  differences),  while gallo- 
cyanine  ch roma lum sta ining is not  a l tered significantly.  
As a whole this  means  a decrease of desoxyr ibose  bound  
to purine,  while the  acidi ty  of nucleic acid is not  influ- 
enced, i n  parallel  tes ts  4 with a n i t rogen mus t a rd  deri- 
vat ive  ( t r i - (chlore thyl ) -aminhydrochlor ide ,  Tr imi tan |  
Sinalost  | we found near ly  analogous changes.  

We explain these results  by  the  mechan i sm of alkyla- 
t ion descr ibed by  LAWLEY and BROOKES s. Under  our tes t  
condi t ions  the ra te  of synthes is  canno t  be influenced. 
There  is a remarkable  con t ras t  to our inves t iga t ions  with 
the  n i t rogen nms t a rd  der ivat ive.  After  inocu2ation of the  
cells t r ea ted  wi th  ni t rogen mus ta rd  an ascites t umour  did 

not  grow in a mouse,  while we observed th is  in D20 
tests .  D20 does no t  abolish the  capabi l i ty  of division, 
only blocks it, while n i t rogen mu s t a rd  p reven t s  mitoses  
irreversibly.  

Nucleic acid content in arbitrary units (AU) after incubation in D20 
Ringer's solution in % of the control value 

Con- 1 h 2 h Significance 
trois of difference 

Feulgen's 100.0 96.1 81.1 0.005 
reaction 

Gallocyanine 100.0 98.4 96.9 
chromalum 

Zusammen/assung. Nach zweist i indiger  Inkuba t ion  von  
Tumorzel len mi t  schwerem V~rasser n i m m t  die zy topho to -  
met r i sch  gemessene Feulgenreaktivi t /~t  ab, w/ihrend die 
Gallocyaninchromalaunf/~rbung,  die auf P h o s p h a t g r u p -  
pen beruht ,  e rha l t en  bleibt.  Auch nach  der  D20-Behand-  
lung bl ieben die Tumoren  t r ansp lan tabe l .  

H. KRUG, G. H/.}BNER, 
K. HAMBSCH, and R. L u o E w m  

Pathological Institute o~ Karl-2Vlarx-University, 
Insti tute/or Stabile Isotopes o/the German Academy 
o/ Sciences, and Medical-Policlinical and Pharma- 
cological Institutes o/the Karl-Marx-University, 
Leipzig, (DDR), May 12, 1966. 

1 t~. I:LAUMENHAFT, S. BOSE, H. L. CRESPI, and .l..l- [4"ATZ, Int. Rev. 
Cytol. 18, 313 {1965). 

,2 B. CAGIANUT, Expericntia 5, 48 (1949). 
a (;. WERSUHN and G. HUBNER, Flora 154, 393 (1964). 
4 H. KRUG, R. LUDEU'IG, K. HAMBSCtI, M. ZANK, and 1t. TROELEN- 

BtCRG, Naturwissenschaften 53, 203 (1966). 
.5 H. KRUG, Acta histochcln. 14, 42 (1962); 22, 180 (1965). 
6 W. SANDRITTI~R, Handbuch der Histochemie, Ill, 220 (1958). 
7 W. SANDRITTER, Z. wiss. Mikrosk. 62, 283 (1955). 
8 p. I). LAWLEM and P. BROOKES, Exp. Cell Res. Suppl. 9, 512 (1963). 

Inulin Loss  f r o m  Rat P r o x i m a l  Tubule  

E v e n  though  recent ly  doubts  have  been expressed con- 
cerning the  sui tabi l i ty  of inulin for measur ing  glomerular  
f i l t ra t ion rate  1, mos t  exper imenta l  evidence indicates  
t h a t  this  subs tance  is confined to the i n t r a tubu la r  com- 
p a r t m e n t  in its passage th rough  the  m a m m a l i a n  neph-  
ton  2-5. This  communica t ion  will show t h a t  under  cer ta in  
condi t ions  an ou tward  t r ans tubu l a r  f lux of inulin can 
indeed exist .  In  perfusion exper iments  wi th  isotonic man-  
nitol  solut ion on single proximal  tubules  of ra t  kidney,  
radioact ive  inulin was used as an indica tor  of fluid 
volume changes.  In  addi t ion,  i n t r a tubu la r  sodium con- 
cen t ra t ion  was measured  and used to calculate f low of 
fluid into the  sodium-free perfusate ,  assuming t h a t  

sodium en te red  as an isotonic solut ion of NaC16. The 
equa t ion  is as follows: V ~ - C O + Cp ( V f -  Vo) = V f .  C f,  in 
which Co, Cp, and Cf are concen t ra t ions  of sodium in 
perfusate ,  p lasma,  and w i t h d r a w n  fluid respect ively ,  and 
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V o and Vf  are original and  final  fluid volumes.  I t  was 
found  t h a t  the  i n t r a tubu la r  inulin concen t ra t ion  was 
lower t h a n  t h a t  p red ic ted  f rom the  sodium data .  

To inves t iga te  fu r the r  th is  phenomenon ,  d i f ferent  
lengths  of p rox imal  tubule  were perfused i n vivo using a 
cons t an t  perfus ion t echn iqueL  Perfus ion fluid consis ted 
of e i ther  isotonic mann i to l  or Ringer ' s  solution, each 
conta in ing  H3-1abelled mann i to l  and  C~4-1abelled inulin. 
In  some expe r imen t s  inul in-H a was subs t i t u t ed  for man-  
n i to l -H 8. Per fus ion  ra te  was  kep t  cons t an t  a t  20 �9 10 ~ 
ml/min.  Samples  of original  per fusa te  and of fluid with-  
d rawn  f rom perfused tubules  were analyzed for H a- and 
C14-activity in a Packa rd  Tricarb scint i l la t ion counter .  
Sodium concen t ra t ion  of perfusate ,  t ubu la r  fluid, and 
p lasma was de te rmined  by  f lame pho tome t ry .  Leng t h  of 
perfused sect ions was measured  by  microdissect ion of 
la tex  casts  of the  tubules.  

Resul ts  using isotonic mann i to l  perfusion are depic ted  
in Figure 1. There  is an exponen t i a l  decrease of b o t h  
mann i to l -H  a and  inulin-C ~ concen t ra t ion  wi th  per fused  
length  (upper and  lower solid lines), ref lect ing the  ex- 
pec ted  increase in volume of perfusion fluid. However ,  
the  inulin curve is displaced toward  lower concen t ra t ions  
re la t ive to the  mann i to l  curve.  Stat is t ical  analysis  of the  
difference be tween  the  2 regression lines shows tha t ,  
a l though  the  slopes are no t  s ignif icant ly  different ,  the  
d i sp lacement  is s ignif icant  (p < 0.01). W h e n  t r i t i a t ed  
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Fig. 1. % change of concentration of test substances with perfused 
tubular length in isotonic mannitol perfusion. IF = concentration 
(epm) of test substance in perfusate, TF concentration in with- 
drawn sample; slopes (bvx) are obtained by linear regression analysis 
of the logarithm of the % change with length; correlation coefficients 

(ryx) indicate spread of data. 

fusions wi th  Ringer ' s  solution.  The results  ob ta ined  
(Figure 2) show a l inear increase in concen t ra t ion  of bo th  
rad ioac t ive  subs tances  w i th  perfused length  (upper and 
lower solid lines). In  con t r a s t  to Figure  1, the  curve for 
mann i to l  is s o m e w h a t  lower t h a n  t h a t  for inulin, a l though  
there  is no s ta t i s t ica l ly  s ignif icant  difference be tween  the  
two. The regression line of a d i f ferent  series of perfusions 
employing  inul in-H a in Ringer ' s  solut ion (broken line) is 
no t  s ignif icant ly  d i f ferent  f rom the  inulin-C ~4 curve 
e i ther  in slope or d isp lacement .  

I t  is evident ,  therefore ,  t h a t  dur ing sodium-free perfu-  
sion of ra t  p rox imal  tubule  a specific loss of inulin (or 
labelled degrada t ion  products)  does occur, a loss which  
is no t  seen in perfus ion wi th  Ringer ' s  solution. One mus t  
t h e n  conclude t h a t  inulin, a l though  sui table  for measur ing  
in t r a tubu la r  fluid volume changes  in physiological  s ta tes ,  
does no t  provide  an adequa te  measure  of this  p a r a m e t e r  
under  the  a d m i t t e d l y  art if icial  condi t ions  of sodium-free 
perfusion.  The mechan i sm of inulin loss, whe the r  due to 
t r ans ioca t ion  of the  original  molecule or degrada t ion  and 
subsequen t  loss of products ,  remains  unclear  s. 
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Fig. 2. % change of concentration of test substances related to per- 
fused tubular length in Ringer's perfusion. IF = concentration (epm) 
of test substance in perfusate, TF - concentration in withdrawn 
sample; slopes (byx) are obtained by linear regression analysis of % 
changes with length; correlation coefficients (ryx) indicate spread of 

data. Note linear scale on ordinate, as contrasted to Figure 1. 

inulin (lower b roken  line) was subs t i tu t ed  for manni to l -  
H a , i ts regression line was shown to be displaced fur ther .  
This  f inding migh t  be due to the  h igher  specific ac t iv i ty  
of inul in-H a as compared  to inulin-C 14, since loss of the  
same n u m b e r  of molecules of b o t h  types  would resul t  in a 
grea te r  decrease of original  r ad ioac t iv i ty  in the  case of 
the  t r i t i a t ed  compound.  Decreases in concen t ra t ion  pre- 
d ic ted f rom sodium concen t ra t ion  measu remen t s  (upper 
b roken  line) are no t  d i f fe rent  e i ther  in slope or displace-  
m e n t  f rom those  measured  wi th  mann i to l -H  s. These re- 
sults  d e m o n s t r a t e  a loss of b o t h  H a- and C14-1abelled 
inulin re la t ive to  mann i to l -H  a in the  perfused segmen t  of 
p rox imal  tubule.  

To inves t iga te  the  poss ibi l i ty  t h a t  exper imenta l  tech-  
nique or impur i t y  of radioact ive  compounds  could explain  
the  findings,  the  same analy t ic  me thods  and the  same 
ba tches  of inulin-C 14 and  mann i to l -H  a were used in per- 

Zusammenfassung. Bei D u rch s t r6 mu n g  mi t  na t r ium-  
freier L6sung ve r schwinde t  sowohl  H 8- als auch C 14- 
mark ie r tes  Inul in  aus d e m  proximalen  Tubulus  der  
Ra t t enn i e r e  in vivo, n icht  aber  wenn  die Perfusionsl6sung 
die normale  N a t r i u m k o n z e n t r a t i o n  enth/il t .  
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