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Quanti tat ive  S t u d i e s  on the  In f luence  of the  T e m -  
perature Appl i ed  in F r e e z e - S u b s t i t u t i o n  on P,  N ,  

and D r y  M a s s  L o s s e s  in F i x e d  T i s s u e s  

Different  labora tor ies  app ly  var ious  t e m p e r a t u r e s  in t he  
f reeze-subst i tu t ion  (F-S) technique ,  an a t t e m p t  was, 
therefore,  u n d e r t a k e n  to  s t u d y  the  inf luence of t he  t em-  
peratures appl ied  on the  ex t r ac t ab i l i t y  of cer ta in  sub- 
stances and  on the  loss of d ry  t issue mass.  The choice of t he  
subs t i tu t ing  med iun l  a n d  of t e m p e r a t u r e  is well known  1-a 
to be of essent ia l  impor t ance  for a d e q u a t e  f ixing of t issues.  
In a p reced ing  p a p e r  a deal ing  wi th  t he  app ropr i a t enes s  of 
various med ia  for  t h e  F -S  technique ,  i t  was es tab l i shed  
tha t  t issue s u b s t i t u t e d  in ace tone  shows no loss in  d r y  
mass, N and  P, even  if the  subs t i t u t i on  las ted  m a n y  days ,  
Methanol, on the  cont ra ry ,  t h o u g h  f r equen t ly  used as 
subst i tu t ing m e d i u m  e x t r a c t e d  in the  course of subs t i -  
tution a large p a r t  of N and  P con ta in ing  compounds .  The  
aim of t he  p re sen t  p a p e r  was  to  es tabl ish  the  inf luence of 
acetone and  m e t h a n o l  t e m p e r a t u r e  on the  even tua l  losses 
in dry  mass ,  N and  P in t issues s u b s t i t u t e d  w i t h  these  sub- 
stances. This  m a t t e r  is of no smal l  i n t e r e s t  because  t h e  
t empera tu re  of t he  s u b s t i t u t i n g  m e d i u m  inf luences  t he  
rate of i ts  p e r m e a t i o n  in to  t he  t i ssues  and  consequen t ly  
the s u b s t i t u t i o n  ra te .  

Mater ia l  and  Methods.  As e x p e r i m e n t a l  mate r ia l  t he  
livers of 5 female  ra t s  of t he  W i s t a r  s t ra in ,  weighing ca. 
150 g each,  were used. Af te r  weighing,  the  mate r ia l  was 
cooled in i sopen tane  a t  - - 175°C  and  p laced  in 5 ml por-  
t ions of t he  subs t i t u t i ng  med ium.  F r o m  each  l iver 6 
samples were  t aken  plus  3 controls .  The mate r i a l  was  
subs t i tu t ed  in ace tone  or m e t h a n o l  a t  - -79  °, - -20  °, and  
+ 4 ° C, respec t ive ly  for 3 days.  Af t e rwards  i t  was  dr ied to  
cons t an t  w e i g h t  a t  100°C in  order  to  de t e rmine  the  per -  
centage  of  d r y  mass  and  compare  i t  w i th  t h e  control .  
N and P were  d e t e r m i n e d  by  t h e  m e t h o d s  descr ibed  etse- 
where*. The  q u a n t i t y  of P extra.cted in to  t he  med ium was 
also d e t e r m i n e d  and  a ba lance  of the  a m o u n t  of t issue P 
and P recovered  f rom the  m e d i u m  was set  up. S ta t i s t ica l  
calculat ions were made .  

Results.  The resul ts  are p re sen ted  in the  Table.  P in the  
med ium was  only  d e t e r m i n e d  for t issues subs t i t u t ed  w i t h  
methanol ,  because  the  P loss in ace tone  was  negligible.  
The sum of P found  in t he  t issues and  in m e t h a n o l  was  
close to  100% wi th in  the  l imi ts  of me thod i c  error.  

Discussion.  The discussion concern ing  the  qua l i ty  of the  
subs t ances  e x t r a c t e d  in to  t he  subs t i t u t i ng  m e d i u m  has  
been  given in t he  preced ing  p a p e r  4. In  t he  e x p e r i m e n t s  
descr ibed  above  the  fol lowing t e m p e r a t u r e s  were app l ied :  
- -79  ° (mixture  of d r y  ice w i th  methanol ) ,  - -20  ° (deep- 
freeze refr igerator)  and  + 4 ° ( refr igerator  t empe ra tu r e ) .  
The f requen t ly  appl ied  t e m p e r a t u r e  of - -40  ° has  been  
omi t t ed ,  since i t  could be an t i c ipa t ed  t h a t  m e a n  resul ts  
would be obta ined .  I t  was  found  t h a t  the  losses in d r y  
mass  N and  P are cons ide rab ly  smal ler  in subs t i t u t i on  wi th  
ace tone  t h a n  wi th  me thano l ,  As m a y  be seen f rom the  
d a t a  in t he  Table,  the  changes  in t he  pe rcen tage  of d r y  
mass  caused  by  its ex t r ac t i on  in to  m e t h a n o l  d e p e n d  on the  
t e m p e r a t u r e  applied.  A s ta t i s t i ca l ly  s ignif icant  di f ference 
was  no ted  no t  only  b e t w e e n  the  s u b s t i t u t e d  ma te r i a l  and  
the  con t ro l  bu t  also be tween  t issues subs t i t u t ed  at  - -79  ° 
and  a t  + 4 ° C .  Tissue N losses a f te r  subs t i t u t i on  wi th  
m e t h a n o l  were s ta t i s t i ca l ly  s ignif icant  only  in compar i son  
to the  contro l  samples ,  whereas  no effect  of the  t e m p e r -  
a ture  appl ied could be d e m o n s t r a t e d .  The g rea tes t  changes  
were observed  in t he  e x t r a c t i o n  of P -con ta in ing  com-  
p o u n d s  wi th  me thano l ,  A t  -- 20 ° a n d  + 4°C t h e y  were of 
the  same order  (ca. 60%),  whereas  a t  - - 7 9  ° t he  loss was  
cons iderab ly  smal ler  (ca. 40%).  I t  should  be s t ressed  t h a t  
the  t ime  of s u b s t i t u t i o n  (much s h o r t e r  t h a n  in t h e  pre-  
ced ing  work  4) does  not ,  in pr inciple ,  inf luence the  per-  
cen tage  of P loss. The super io r i ty  of ace tone  as subs t i t u t -  
ing m e d i u m  is, in the  l ight  of these  exper imen t s ,  w o r t h  
stressing.  

Conclusions.  (1) The  influence of t e m p e r a t u r e  appl ied  in 
t he  course of F -S  on the  e x t r a c t a b i l i t y  of N and  P,  as well  
as on the  loss of d r y  mass  when  using me thano l ,  has  been  
d e m o n s t r a t e d .  (2) In  v iew of t he  low P, N and  dry  mass  
losses conf i rming  the  resul ts  of ear l ier  s t u d i e s - i n  t i ssues  
s u b s t i t u t e d  wi th  a c e t o n e - - i t  was  no t  possible  to  es tab l i sh  
a n y  re la t ion  b e t w e e n  t h e  t e m p e r a t u r e  appl ied  and  these  
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The content of N, P, and dry mass of rat liver after the substitution in methanol and acetone in the different temperatures. Results expressed 
as %-values of the control material 

Control Methanol 
% of mgN[ pcgP/ - -  79°C 
dry 100rag ~ 100rag a % of dry % of content 
mass mass N P 

-- 20oc + 4°C 
% of dry % of coatent % ol dry % of content 
mass N P mass N P 

Mean 29.5 3.66 529.0 25.9 96.7 60.6 
Stm~dard 

deviation ~0.4 :]: 0.07 =]=37,0 =[=0.8 :]=0.7 ~3,3 
Variation J 

coefficient 1.4 1.9 7.0 3.1 0.7 5,4 

Acetone 
Mean 30.9 100.9 97.5 
Standard deviation ~ 1.4 -4-2.5 4-2.0 
Variation coefficient 4.5 2.5 2.1 

24.3 96.5 46.1 24.2 95.7 

&0.9 ~1.6 ±2.7 ~0.4 ~1.3 

3.5 1.7 5.9 1.6 1.1 

31.O 101.2 98.5 30.7 100.3 
~1.4 ~2.4 ~3.6 ~ t . 0  ~2.5 

• 1.4 2.3 3.7 3.3 2.5 

,t,1.8 

±1.8 

4.0 

94.1 
4-0.7 

0.7 

a of fresh weight 



228 Br6ves communications - Kurze Mitteihmgen EXPERIENTIA XVIII/5 

losses. (3) Appl ica t ion  of low t e m p e r a t u r e  (-- 79 ° C) in t he  moins  marqu6es  ~ la t e m p e r a t u r e  de -- 79 ° C. Apr6s l 'usage 
course of s u b s t i t u t i o n  seems to  be just i f ied,  d 'ac6 tone ,  les d iminu t ions  a t t e i g n e n t  lenr  m i n i mu m.  

Rdsumd. Les au teurs  on t  cons ta t6  que la t e m p 6 r a t u r e  a 
une  inf luence sur  la d iminu t ion  du con tenu  en azote  e t  en 
phospho re  e t  sur  celle de la masse  d6s6ch6e apr~s l 'usage 
de m 6 t h a n o l  au cours de la congela t ion-d isso lu t ion  
( f reeze-subst i tu t ion)  des t issus.  Ces d iminu t ions  son t  
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S t o p - F l o w  S t u d i e s  o f  A l k a l i n e  U r i n e s  

Vv'hen an  alkaline ur ine  is p roduced ,  i t  has  been  found  
t h a t  t he  pCO 2 of t he  f inal  ur ine m a y  exceed  t h a t  of t he  
ar te r ia l  b lood b y  a cons iderable  marg in  ~,~. To exp la in  th i s  
p h e n o m e n o n ,  PITTS and  LOTSPEICH1 sugges ted  t h a t  dur-  
ing fo rma t ion  of an  alkal ine urine,  t he  d is ta l  tubu le  con-  
t i n u e d  to  secre te  h y d r o g e n  ions in exchange  for sod ium 
ions, t h a t  such  secre t ion  led to  t he  convers ion  of H C O s -  to  
H~COa, and  t h a t  t he  de layed  convers ion  of H~CO, to  CO~ 
a n d  w a t e r  leads  to  a h igh  u r i na ry  pCO v The  au tho r s  are  
aware  of no e x p e r i m e n t s  des igned  to  t e s t  th is  hypo thes i s  
d i rect ly .  One of i ts  p red ic t ab le  consequences  is t h a t  
acidif icat ion occurs  in a d i s ta l  s e g m e n t  desp i te  t he  pro-  
duc t ion  of a final alkal ine urine. This  p a p e r  r epor t s  t h a t  
such  acidif icat ion can  be d e m o n s t r a t e d  b y  means  of t he  
s top- f low t echn ique  a. 

Male 15 kg dogs  were  anes the t i zed  wi th  nembu ta l .  The 
u re te r s  were  exposed ,  and  ca the t e r s  were inse r ted  to  t he  
pelvis ,  and  t h e  free ends  of th~ ca the t e r s  b r o u g h t  ou t  
t h r o u g h  f lank incisions in p r e p a r a t i o n  for ca r ry ing  ou t  
s top- f low e x p e r i m e n t s  to  localize sites of p H  change.  
In  some dogs, e i ther  i sosmot ic  NaHCOa or Na  lac ta te  
solut ion con ta in ing  P A H  was  infused in to  one femora l  
vein  a t  a ra te  fast  enough  (3-6 ml/min)  to  cause p roduc t i on  
of a f r ank ly  alkal ine urine.  The  r emain ing  an imals  to  be 
cons idered  in th is  s t u d y  were infused wi th  N a O H  b y  way  
of a c a t h e t e r  inse r t ed  in to  t he  jugu la r  vein,  and  forced 
deepIy enough  so t h a t  i ts  open ing  was  a t  t h e  expec t e d  
level of t he  super ior  vena  c a r s .  Af te r  the  ur ine h a d  
become a d e q u a t e l y  alkaline,  infusion of 20% m a n n i t o l  
w i t h o u t  a n y  a d d e d  sa l t  was  begun while con t inu ing  in- 
fusion of t he  alkal inizing solution.  Sodium chloride was 
o m i t t e d  since i t  was  found t h a t  the  urine p H  would d rop  
to  t he  acid range if the  mann i to l  solut ion con ta ined  salt .  
W h e n  ur ine  flows became  g rea te r  t h a n  6 ml /min,  a 6 rain 
s top- f low e x p e r i m e n t  was run.  The urine samples  were 
col lected m a n u a l l y  and  i m m e d i a t e l y  covered  wi th  minera l  
oil to  min imize  p H  changes.  Because of t he  ease of anal-  
ysis, SzO~ was used as a g lomerular  ma rke r  and  in jec ted  
30 sec before t he  end of u re t r a l  c lamping.  P A H  was used 
as a p rox ima l  marker .  

The F igure  shows typ ica l  resul ts  of e x p e r i m e n t s  car r ied  
ou t  b y  each of t he  m e t h o d s  ut i l ized for induc ing  u r ina ry  
a tkal in izat ion.  In  Mt e x p e r i m e n t s  i t  was  found  t h a t  Lhe 
p H  of t h e  ur ine  coming  f rom dis ta l  s i tes  b e c a m e  acidified,  
even  t h o u g h  the  free flow urines  before diureses  never  h a d  
a p H  lower  t h a n  7.6 and  ranged  up  to  8.5. The  Table  
summar izes  p e r t i n e n t  d a t a  on  all expe r imen t s .  No cor- 
re la t ion  was  ind ica ted  be tween  the  dis ta l  p H  drop,  a n d  
free f low u r ina ry  p H  or  na tu r e  of  t h e  alkal inizing salt .  No 
clear  cu t  ev idence  for t he  locus of a lka l in iza t ion  was  ob-  
ta ined .  

I t  is a s s u m e d  t h a t  t he  e s t a b l i s h m e n t  of concen t r a t ion  
g rad ien t s  u n d e r  s top- f low condi t ions  are  ref lect ions  of 
processes  wh ich  occur  in t h e  e l abora t ion  of ur ine u n d e r  
free flow condi t ions .  I f  such  is indeed  the  case, t h e n  i t  m a y  
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Graphical representation of single experiments where alkalinization 
was produced by infusion of the salt indicated. Proximal regions of 
the nephron population are indicated by the peaked portion of the 
PAH curve. New glomerular filtrate is indicated by the rise in urinary 
S~O~ concentration. In all sections of the Figure the open circles show 
the PAH ratios, the crosses the $20 a ratios, and the closed circles the 

urinary pH. 

Magnitude of distal pH change in dogs 
loaded with an urinary alkalinizing salt 

Salt No. of Urinary pi t  ~ Urinary pH Change 
experiments no diuresis diuresis distal pig 

NatICO a 3 7.6-8.5 7.1-7.5 0.9-2.3 
Na lactate 4 7.7-8.1 7.°-7.6 0.9-1.2 
NaOH 4 7.9-8.2 7.0-7.4 0.8-1.3 

= Numbers show ranges of the data. 
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