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Factors Affecting the Cerebrospir~al Fluid (CSF) 
Bicarbonate Concentration 

The cerebrospinal  fluid (CSF) p H  remains essential ly 
cons tan t  even  in chronic non-respi ra tory  acid-base dis- 
turbances  (for re/., see ~). The  mechanisms behind this p H  
regulat ion are unknown bu t  probably  include passive as 
well  as ac t ive  factors. Thus, there  m a y  be passive ex- 
changes of H+ and HCOa ions be tween  C S F  and p lasma 
due to chemical  or electrical  diffusion gradients,  bu t  actual  
differences in the  e lectrochemical  potent ia ls  be tween  the  
two compar tmen t s  also suggest  the  presence of an  ionic 
pump~,a. In  the  present  paper  the  effect of va ry ing  the  
chemical  and the  electrical  diffusion gradients  were 
studied. This  was accomplished by  combining  vary ing  
degrees of hype rcapn ia  wi th  i.p. inject ions of N a H C O ,  or  
NH~C1 solutions so t h a t  e i ther  the  p lasma p H  or the  plas- 
ma  b icarbonate  was held constant .  

Methods. The exper iments  were per formed on rats  
weighing 250-400 g. The  rats  were exposed to the  acid- 
base shifts while unanaesthet ized.  4 -10% CO~ was ad- 
minis tered for 6 h and dur ing this period 3 inject ions 
were given of an isotonic NH~C1 or NaHCO a solution. 
Af te r  the  set  equi l ibra t ion period the  animals  were 
anaes thet ized  with  phenobarb i ta l  and a t racheal  cannnla  
was inserted to al low cont inuous exposure to the  gas 
mixture .  Ar ter ia l  blood samples were drawn from an in- 
dwelling ca the te r  in the femoral  ar tery.  C S F  samples 
were drawn from the suboccipi tal  cistern. In  blood, p H  
and Pep., were measured wi th  microelectrodes.  In  the 
C S F  the to ta l  CO~ con ten t  was measured  wi th  a micro- 
diffusion method.  The  plasma bicarbonate  concentra t ions  
were calculated f rom s tandard  nomograms.  The CSF  
b icarbona te  concentra t ions  were calculated f rom the  
Tco~ values, using the appropr ia te  solubi l i ty  factor  and 
the  CSF CO s tension, as der ived f rom the  ar ter ial  Pco~. 
For  details of techniques  and calculat ions the  reader  is 
referred to previous papers  ~ ~. 

Results. The Table  gives the  measured and the  direct ly 
der ived acid-base parameters  in arterial  p lasma and CSF. 
The values were compared  wi th  those of a group of rats  
injected wi th  a s imulated extracel lu lar  fluid ( 'blank') ~. 
In  the groups given the NH,CI  solution the dose injected 
and the  CO, concent ra t ion  adminis tered were matched  
so as to give a cons tan t  p lasma b icarbonate  concentra t ion.  
In  these groups the CSF  bicarbonate  concent ra t ion  varied 
inversely wi th  ar ter ial  pH,  bu t  thus  also direct ly  wi th  the  
CO~ tension. In  the  corresponding exper iments  in which 
NaHCO~ was administered,  the  p lasma p H  was kept  
constant .  In  these groups the  CSF  b icarbonate  concen- 
t ra t ion  var ied  direct ly  wi th  the plasma bicarbonate ,  but  
also with the  CO, tension. 

In  order  to compare  the effects of p lasma p H  and plas- 
m a  b ica rbona te  the  va lues  mus t  be compared  a t  the  same 
CO, tensions. The  Figure  clear ly  shows t h a t  a t  ident ical  
CO, tensions there  is a higher  C S F  b icarbona te  when the  
p lasma p H  is kept  cons tan t  than  when the  p la sma  bi- 
carbonate  is fixed. Moreover ,  the  change in HCO~ per 
uni t  change in CO~ tension is less a t  cons tan t  p lasma 
bicarbonate  than  at  cons tan t  p lasma pH.  I t  can also be 
seen t h a t  the  CSF  HCO~ changes per  uni t  change in Pep, 
in the  combined  respi ra tory  and non-respi ra tory  acid-base 
shifts (unbroken lines) were much  smaller  t h a n  the  cor- 
responding C S F  HCO~ changes in pure non-resp i ra tory  
acid-base shifts (broken line). The baseotic  and the  
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Rela t ion  be tween  the  CO~ tens ion  a n d  the  b i c a r b o n a t e  c o n c e n t r a t i o n  
in C S F  in n o n - r e s p i r a t o r y  (da t a  f rom % b r o k e n  line) a n d  c o m b i n e d  
r e s p i r a t o r y  a n d  non-res t>ira tory  ac id-base  shif ts  ( u n b r o k e n  tines). I n  
these l a t t e r  e x p e r i m e n t s  e i the r  the  p l a s m a  p H  or  the  p l a s m a  bi- 

c a r b o n a t e  c o n c e n t r a t i o n  was  kep t  cons t an t .  
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Re la t ion  be tween  the  p l a s m a  a n d  the  C S F  ac id-base  p a r a m e t e r s  in c o m b i n e d  n o n - r e s p i r a t o r y  a n d  r e s p i r a t o r y  ac id-base  changes .  The  va lues  
were  con,  p a r e d  w i th  the  b l a n k  g r o u p  t a k e n  f rom a p rev ious  p a p e r  6. In  the  g roups  g iven  NH4C1 the  dose in jec ted  a n d  the  CO 2 c o n c e n t r a t i o n  
were  m a t c h e d  so as to give a c o n s t a n t  p l a s m a  b i c a r b o n a t e  concen t r a t i on ,  while  in the  g roups  given N a H C 0  a the  p l a s m a  p H  was  kep t  c o n s t a n t .  

N u m b e r  of expe r imen t s  w i th in  pa ran thes i s .  

Ar te r ia l  p l a s m a  CSF  

T y p e  of e x p e r i m e n t  p H  PCO2 m m  H g  I-ICO a mEq/1  PCO.~ rnm H g  H C O  3 mEq/1  p H  

B l a n k  (12) 7.43 -~ 0.01 39.9 ~_ 0.6 25.8 :~: 0.5 44.6 ~: 0.2 28.9 J :  0.3 7.44 :k 0.01 

NH4C1 + CO s (6) 7.29 -E- 0,01 57.8 i 0.9 27.0 ~ 0.9 63.0 ~ 0.9 31.0 ::L 0,4 7.32 -[z 0.01 
NH4C1 + CO 2 (5) 7.16 ~ 0.02 76.3 t 0.5 26.4 ~ 1.4 80.2 i 0.5 34.7 i 0.5 7.27 i 0.01 

NaHCO3 + CO 2 (7) 7.43 ~ 0.01 50.2 • 0.9 32.8 • 0.6 55.8 ~ 0.9 30.9 ~- 0.2 7.37 • 0.01 
N a H C O  3 + CO 2 (6) 7.41 ~ 0.01 70.6 ~ 1.1 43.5 ~ 1.0 74.8 ~_ 0.4 37.2 ~ 0.4 7.33 • 0.02 
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acidotic groups  of t h e  la t t e r  s t u d y  s had  p lasma HCO~ 
values  of 35 and  17 mEq/1 and  p l a sma  CO, tens ion  of 
43 and  36 m m  Hg, respect ively .  

Discussion. Al though  the re  are  good indica t ions  t h a t  
the  CSF possesses effect ive homeos t a t i c  mechan i sms  for 
keeping the  p H  cons tan t ,  the  p resen t  expe r imen t s  have  
shown t h a t  factors  such as the  p lasma  p H  and  the  p lasma  
b ica rbona te  inf luence the  resul t ing  acid-base  changes  in 
t he  CSF. Apparen t ly ,  t he  regula t ion  of CSF  p H  towards  
normal  values  in h y p e r c a p n i a  will be less effective in the  
absence of a chemical  diffusion g rad ien t  for b icarbonate .  

There  is a clear di f ference in the  effect iveness  of t he  
C S F  p H  regula t ion in resp i ra to ry  and  non- resp i ra to ry  
acid-base shifts.  In  non- resp i ra to ry  acid-base shif ts  th is  
regula t ion  appears  a lmos t  per fec t  (maximal  CSF p H  
change  0.05 p H  units,  see s). Since th is  difference was  
observed  in the  same species exposed to t he  acid-base 
shif ts  for an ident ica l  per iod it would appea r  t h a t  the  
mechan i sms  beh ind  the  acid-base changes  in the  CSF  
were di f ferent  in resp i ra to ry  and in non- resp i ra to ry  con- 
di t ions ~. 

Zusammen/assung.  Es wurde  nachgewiesen,  dass die 
Zunahme  des HCO~-Gehaltes in der  Cerebrospinalflt issig- 
kei t  bei k o n s t a n t e m  P l a s m a - p H  un te r  Hype rkapn ie  gr6s- 
ser als bei  k o n s t a n t e m  P l a s m a b i k a r b o n a t g e h a l t  und  
wesent l ich  anders  als bei der  n ich t  respira tor isch beding-  
t en  S~urebase/~nderung ist. 
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Gustatory Responses to Anomeric Sugars 

Differences in t a s t e  be tween  D- and L-enant iomorphs  of 
amino  acids 1 and  be tween  e- and  fl-configurations of 
c a rbohydra t e s  have  in te res ted  inves t iga tors  f rom m a n y  
disciplines. CAmSRON 2 was among  the  first  to r epor t  t h a t  
a f reshly  p repa red  solut ion of 10% e-D-glucose was 
no t iceab ly  sweeter  t h a n  a solut ion a t  equi l ibr ium. This 
was la ter  conf i rmed by  o thers  a,4. TsuzuKI and  YAMA- 
ZAKI 6 observed  t h a t  the  l inear re la t ionship  of t he  sweet-  
ness of f ructose wi th  t e m p e r a t u r e  cor responded  to  the  
l inear var ia t ion  of its specific ro ta t ion  wi th  t empera tu re .  
The sweetness  i n t e n s i t y  of e-fructose was e s t ima ted  to be 
one- th i rd  of t h a t  of fl-fructose. W i t h  L-rhamnose,  t he  
sweetness  of t he  e - form was  less t h a n  2/~ t h a t  of the  ~- 
form s. As early as 1939, BLAKESLEE 7 collected 25 dif- 
fe rent  combina t ions  of t a s t e  responses  to  mannose  tab le t s  
f rom 3121 un t r a ined  volunteers .  More recent ly ,  D-man- 
nose  was  again refer red  to  as an  ambiguous  t a s te  s t imu-  
la tor  s,9 as the  e - anomer  is sweet  and  the  f l-anomer is 
b i t ter .  BOYD and  MATSUBARA 1~ p repared  the  ' unna tu ra l '  
L-forms of glucose and  mannose ;  the  former  was s l ight ly  
sa l ty  and  the  la t t e r  gave inconclusive resul ts  due to lack 
of ag reemen t  among  the  subjects .  

A t t e m p t s  have  been  made  to correlate  the  tas te  of 
anomers  w i th  the i r  chemical  configurat ion,  bu t  few re- 
l iable general izat ions  have  evolved.  TsuzuKI n s t a t ed  t h a t  
sweeter  sugar  anomers  h a d  c i s -hydroxyl  groups  on the  
ca rbonyl  and  ad jacen t  ca rbon  a tom,  while in the  less 
sweet  i somer  the  hydroxy l s  on the  two carbon  a toms  were 
in the  trans posit ion.  This  re la t ionship  was conf i rmed for 
f ructose 5 and  rham nose  6, bu t  no t  for lactose, as the  fl- 
form is sweeter  4, ye t  has  the  trans conf igura t ion  ~. 
Measur ing hydrogen-bond ing ,  molecular  models,  and  
t a s t ing  of crys ta ls  of 7 sugars, SHALLENBERGER 13 con- 
c luded t h a t  sweetness  var ied wi th  hydrogen  bond ing  of 
h y d r o x y l  groups.  I t  is diff icul t  to assume t h a t  a single 
h y d r o x y  group - as in o rd ina ry  alcohol - can 'cause '  
sweetness.  As po in ted  ou t  by  NICOL 14, the  gus t a to ry  
funct ion  of a single group can no more  be solely respon-  

sible for evoking sweetness ,  t h a n  can  hydrogen  ion con- 
t e n t  be the  sole cause of sourness.  Rela t ive  to sugar  
alcohols, CARR et  al. 15 found no re la t ion be tween  the  
n u m b e r  of ca rbon  a toms,  h y d r o x y l  groups,  molecular  
a r r a n g e m e n t  or spat ia l  conf igura t ion  and sweetness.  

We no ted  t h a t  mos t  inves t iga tors  t a s t ed  the  sugars in 
the  crysta l l ine  form. STEINHARDT et al. 9 adminis te red  
samples  in the  solid s t a t e  due to  t he  mechanical  difficul- 
t ies of compar ing  equi l ibra ted  solut ions wi th  freshly- 
p repa red  samples  which  are rap id ly  undergoing m u t a -  
ro ta t ion.  Their  p re l iminary  exper imen t s  wi th  mannose  
had  indica ted  li t t le effect  of concent ra t ion .  Since our 
previous work  h a d  shown marked  influence of concent ra-  
t ion 4,16, we unde r took  the  p resen t  s t u d y  to  de te rmine  the  
effect  of concen t ra t ion  on bo th  t a s te  qua l i ty  and in t ens i ty  
of the  e- and fl-configurations of fructose,  mannose,  
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