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Summary. The  r ena l  h a n d l i n g  of ca lc ium a n d  c i t r a t e  was  s tud ied  in dogs a f t e r  t he  a d m i n i s t r a t i o n  of f luoroc i t ra te .  The  
d rug  p r o d u c e d  a s ign i f ican t  increase  in  u r i n a r y c a l c i u m  a n d  c i t r a t e  excre t ion .  N e t  r ena l  secre t ion  of c i t r a t e  occur red  
d u r i n g  t h e  in fus ion  of f luo roc i t r a t e  s ince c i t r a t e  cIearances  exceeded  t h e  g lomeru l a r  f i l t r a t ion  ra te .  

The  in f luence  of c i t r a t e  on  rena l  ca lc ium h a n d l i n g  ha s  n o t  
been  ful ly  eva lua t ed .  A n  increase  in b o t h  ca l c ium a n d  
c i t r a t e  exc re t ion  follows in fus ion  of c i t r a t e  *, or c rude  
p a r a t h y r o i d  h o r m o n e  e x t r a c t  3. On t h e  o t h e r  h a n d ,  a 
d i ssoc ia t ion  b e t w e e n  u r i n a r y  ca lc ium a n d  c i t r a t e  m a y  
occur  a f t e r  t he  a d m i n i s t r a t i o n  of es t rogen~ a n d  a lkal i  5. 
K a r a m  e t  al. 6 d e m o n s t r a t e d  in t h e  r a t  t h a t  a decrease  in  
r ena l  t i s sue  c i t r a t e  p r o d u c e d  b y  g r o w t h  h o r m o n e  was 
assoc ia ted  w i t h  a n  increase  in  u r i n a r y  ca lc ium exc re t ion  
whi le  increases  in  t i s sue  c i t r a t e  i nduced  b y  f luoroace ta te ,  
w h i c h  a f t e r  conve r s ion  to  f luo roc i t r a t e  causes  c i t r a t e  
a c c u m u l a t i o n  b y  i n h i b i t i n g  acon i t a se  ~, h a d  t h e  oppos i te  
effect.  These  a u t h o r s  p o s t u l a t e d  t h a t  in t r ace l Iu la r  r a t h e r  
t h a n  u r i n a r y  c i t r a t e  is a m o s t  i m p o r t a n t  f ac to r  r e g u l a t i n g  
u r i n a r y  ca lc ium excre t ion .  I n  t h e  p r e s en t  s tudy ,  we h a v e  
e v a l u a t e d  t h e  r ena l  h a n d l i n g  of ca lc ium a n d  c i t r a t e  in 
dogs a f t e r  t he  i .v .  a d m i n i s t r a t i o n  of f luoroc i t ra te .  
Materials and methods. T h e  s tud ies  were pe r fo rmed  in 5 
ac idot ic  a n d  5 a lka lo t i c  female  m o n g r e i  dogs (16-19 kg). 
Acidosis  or a lkalos is  was  i nduced  b y  t h e  da i ly  a d m i n i s t r a -  
t i on  of 10 g of a m m o n i u m  chlor ide  or sod ium b i c a r b o n a t e ,  
respec t ive ly ,  for 5 days .  On t he  s i x t h  day,  u n d e r  p e n t , -  
b a r b i t a l  anes thes ia ,  1 u r e t e r  a n d  t h e  ips i la te ra l  r ena l  ve in  
were  c a t h e t e r i z e d  t h r o u g h  a v e n t r a l  incision.  A c a t h e t e r  
was  p laced  in a f emora l  a r t e r y  for b lood  s a m p l i n g  a n d  
m o n i t o r i n g  b lood  pressure .  A piece of co r t ex  f rom t h e  
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Fig. 1. Effect of fluoroeitrate on renal handling on calcium and ci- 
trate during chronic metabolic acidosis. 

c o n t r a l a t e r a l  k i d n e y  was t a k e n  a n d  f rozen i m m e d i a t e l y  
in  l iqu id  n i t rogen .  Th i s  spec imen  was used for  t h e  de te r -  
m i n a t i o n  of t i ssue  c i t r a t e  concen t r a t i on .  Fo l lowing  closure 
of t he  a b d o m e n ,  a 60-min  e q u i l i b r a t i o n  pe r iod  was al-  
lowed. Af te r  a p r i m i n g  dose of 0.5 {zCi/kg of l~sI-iodo- 
t h a l a m a t e ,  a s u s t a i n i n g  in fus ion  of 0.15 ~zCi/min was t h e n  
a d m i n i s t e r e d  i .v .  for  g lomeru l a r  f i l t r a t i on  r a t e  (GFR)  a n d  
rena l  p l a s m a  flow (RPF)  d e t e r m i n a t i o n .  2 con t ro l  20-min  
ur ine  col lect ions  were o b t a i n e d  whi le  n o r m a l  sa l ine  was 
infused  a t  a r a t e  of 0.75 ml /min .  Mid-per iod  samples  of 
a r t e r i a l  a n d  rena l  v e n o u s  b lood  were  d r a w n  for  measu re -  
m e n t  of pH,  ca lc ium,  125I- iodothalamate  a n d  c i t r a t e .  
U r i n e  was  a n a l y z e d  for  sod ium in  a d d i t i o n  to  t h e  a b o v e  
d e t e r m i n a t i o n s .  Af t e r  t h e  con t ro l  per iod,  a p r i m i n g  dose 
of 0.01 m m o l e s / k g  of b . w t  of f luo roc i i r a t e  fol lowed b y  a 
s u s t a i n i n g  in fus ion  of 6 [zmoles/min was admin i s t e r ed .  
Af te r  30 ra in  of equ i l ib ra t ion ,  3 f u r t h e r  u r ine  col lect ions  
were  pe r fo rmed .  A t  t h e  end  of t h e  expe r imen t ,  t i s sue  
levels  of c i t r a t e  were measured .  
C i t r a t e  was  d e t e r m i n e d  b y  t h e  m e t h o d  of Moel ler ing a n d  
G r u b e r  s. F l u o r o c i t r a t e  d id  n o t  in te r fe re  w i t h  t h e  c i t r a t e  
d e t e r m i n a t i o n .  Calc ium levels were  m e a s u r e d  b y  a t o m i c  
a b s o r p t i o n  s p e c t r o p h o t o m e t r y  a n d  sod ium b y  f lame 
p h o t o m e t r y .  The  G F R  a n d  R P F  were m e a s u r e d  accord ing  
to  t he  m e t h o d  of E lwood  a n d  S i g m a n  9. 
Results and discussion. A r e p r e s e n t a t i v e  e x p e r i m e n t  in a n  
ac ido t ic  a n i m a l  is i l l u s t r a t ed  in f igure  1. D u r i n g  f luoro-  
c i t r a t e  a d m i n i s t r a t i o n ,  no  s ign i f ican t  changes  were n o t e d  
in a r t e r i a l  pH,  u r i n a r y  sod ium excre t ion  or  G F R .  As 
expec ted ,  a r t e r i a l  c i t r a t e  levels inc reased  s l igh t ly  whi le  
ca lc ium levels decreased.  U r i n a r y  c i t r a t e  exc re t ion  in- 
c reased  f rom 0.05 to  9 ~zmoles/min a n d  ca lc ium excre t ion  
increased  f rom 0.06 to 0.173 mg /min .  Tissue  c i t r a t e  rose 
f rom 0.101 to 3.99 ~moles /g  of we t  t issue.  D u r i n g  alkalosis ,  
t h e  resu l t s  were s imi la r  excep t  t h a t  u r i n a r y  c i t r a t e  ex-  
c re t ion  was h i g h e r  a n d  ca lc ium exc re t ion  lower t h a n  in 
ac ido t ic  an imals .  I n  all expe r imen t s ,  f l uo roc i t r a t e  in-  
c reased  u r i n a r y  c i t r a t e  to  va lues  t h a t  exceeded t he  q u a n t i t y  
f i l tered.  I n  ac idot ic  an ima l s  (figure 2) m e a n  base l ine  uri-  
n a r y  ca l c ium exc re t ion  was 83 i 18 ~ g / m i n  (SEM) a n d  
t h e  va lues  increased  to  166 4- 5 ~zg/min 90 m i n  a f t e r  
b e g i n n i n g  t h e  in fus ion  of f l uo roc i t r a t e  (p < 0.05; pa i red  
t - tes t ) .  D u r i n g  alkalosis,  u r i n a r y  ca lc ium increased  f rom 
43 4 - 1 0  ~zg/min 144 ~= 10 a g / m i n  a f t e r  f l u o r o c i t r a t e  
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(p < 0.01). U r i n a r y  ca lc ium exc re t ion  r e m a i n e d  un-  
c h a n g e d  or decreased  in ac ido t ic  or a lka lo t i c  an i m a l s  t h a t  
d id  n o t  receive f luoroc i t ra te .  
These  s tud ies  d e m o n s t r a t e  t h a t  a d m i n i s t r a t i o n  of f luoro- 
c i t ra te ,  an  acon i t a se  i n h i b i t o r  k n o w n  to  increase  b lood  
and  t i ssue  c i t r a t e  c o n t e n t  b y  i n h i b i t i n g  t he  convers ion  of 
c i t r a t e  to  i soc i t ra te  7, is assoc ia ted  w i t h  a n  inc reased  
u r i n a r y  ca lc ium excre t ion .  I n  c o n t r a s t  to  t he  p r e s e n t  
s tudy ,  K a r a m  e t  al. 6 r epo r t ed  t h a t  f l uo roace t a t e  a d m i n -  
i s t r a t i o n  was assoc ia ted  w i t h  decreased  u r i n a r y  ca lc ium 
excre t ion .  These  conf l i c t ing  resul ts ,  however ,  m a y  be  
r e l a t ed  to a d i v e r g e n t  ac t ion  of f l uo roace t a t e  a n d  f iuoro-  
c i t r a t e  as i n h i b i t o r s  of m e t abo l i s m ,  s ince I luoroc i t ra te ,  
un l ike  f luoroace ta te ,  causes  s t r i k ing  increases  in  u r i n a r y  
c i t r a t e  exc re t ion  desp i te  s imi la r ly  e l eva ted  b lood a n d  
t i ssue  c i t r a t e  levels  10. 
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Fig. 2. Urinary calcium excretion in 5 acidotic (closed circles) and 
5 alkalotic (open circles) dogs before and during the infusion of 
fluoroeitrate. The vertical bars represent SEM. In both groups of 
animals the increments at 60 and 90 rain were statistically significant 
with the paired t-test (acidosis: p < 0.05; alkalosis: p < 0.01) 
urinary calcium excretion decreased or remained unchanged in con- 
trol animals. 

The  h y p o c a l c e m i a  p roduced  b y  f luoroc i t r a t e  a d m i n i s t r a -  
t i on  would  h a v e  been  expec ted  to s t i m u l a t e  p a r a t h o r m o n e  
release.  A l t h o u g h  th i s  h o r m o n e  increases  t i ssue  and  u r i n a r y  
c i t r a t e  exc re t ion  r ecen t  s tud ies  i nd i ca t e  t h a t  i t  lowers  
u r i n a r y  ca lc ium p r o b a b l y  b y  s t i m u l a t i n g  d i s ta l  t u b u l a r  
r e a b s o r p t i o n  11. The  hype rca l c iu r i a  p rev ious ly  r e p o r t e d  
a f t e r  a d m i n i s t r a t i o n  of p a r a t h y r o i d  h o r m o n e  s is p r o b a b l y  
r e l a t ed  to t he  fac t  t h a t  c rude  e x t r a c t s  increase  t he  f i l tered 
load of ca lc ium,  t he r eby ,  obscu r ing  e n h a n c e d  f r ac t iona l  
r eabsorp tdon  1~. 2 m a i n  cond i t ions  e n h a n c e  u r i n a r y  c i t r a t e  
exc re t ion :  a lkalosis  a n d  t he  a d m i n i s t r a t i o n  of s u b s t r a t e s  
of t he  K r e b ' s  cycle, i nc lud ing  c i t ra te ,  p r e s u m a b l y  b y  
i n h i b i t i o n  of t u b u l a r  r e a b s o r p t i o n  of c i t r a t e  18. I n  the  
p r e s e n t  s tudy ,  I l uo roc i t r a t e  increased  t h e  u r i n a r y  ex- 
c re t ion  of c i t r a t e  to  exceed t he  q u a n t i t y  f i l tered.  Al- 
t h o u g h  t h e  m e t h o d  used to  measu re  g lomeru l a r  f i l t r a t ion  
r a t e  s l igh t ly  u n d e r e s t i m a t e s  t he  inu l in  clearance1% the  
er ror  of t he  m e t h o d  is too  smal l  to  a l t e r  our  resul ts .  N e t  ci t-  
r a t e  secre t ion  ha s  n o t  been  r epo r t ed  before,  e x c e p t  d u r i n g  
t he  in fus ion  of m a l a t e  13. N o o k  a n d  Lotspeich15, however ,  
f ound  14C-citrate in  t he  u r ine  of dogs g iven  label led  pre-  
cursors  in s top- f low expe r imen t s .  
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Summary. H y p o c a p n i a  a n d  r e s p i r a t o r y  a lkalos is  was  found  in a r t e r i a l  a n d  m i x e d  v e n o u s  b lood  a f t e r  i .v. a d m i n i s t r a t i o n  
of D N P .  S t i m u l a t i o n  of v e n t i l a t i o n  re su l t ed  in s t e a d y  P=O 2, w h e n  P r O 2  decreased,  a n d  seemed to  be  i n d e p e n d e n t  

on  CO 2. 

R a m s a y  1 a n d  H u c h  e t  al. 2 h a v e  s h o w n  a n  increase  in  b o d y  
o x y g e n  c o n s u m p t i o n  fol lowing i.v. in fus ions  of 2 ,4-di-  
n i t ropheno l ,  a n  u n c o u p l e r  of o x i d a t i v e  p h o s p h o r y l a t i o n  
in  m i t o c h o n d r i a .  Th i s  effect  was  a c c o m p a n i e d  b y  a n  
increase  in lung  v e n t i l a t i o n ,  w i t h  a r t e r i a l  b lood  gases 
r e m a i n i n g  close to  con t ro l  values .  
The  m e c h a n i s m  of r e s p i r a t o r y  response  in t h e  case of 
D N P - i n d u c e d  h y p e r m e t a b o l i s m  is unce r t a in .  The  inf lu-  
ence  of t h e  d rug  i tsel f  on  r e s p i r a t i on  b y  d i rec t  c e n t r a l  
ac t ion ,  a n d / o r  ac t ion  on  ca ro t id  ba ro -  a n d  chemorecep -  
tors ,  seems to  be  negligible,  w h e n  c o m p a r e d  w i t h  t he  
t o t a l  effect,  as was  s h o w n  b y  cross-per fus ion  e x p e r i m e n t s  
of L e v i n e  a n d  H u c k a b e e  3. There fo re  2 possible  sources  of 
e n h a n c e d  r e s p i r a t o r y  d r ive  shou ld  be  t a k e n  in to  a c c o u n t :  
t i s sue  m e t a b o r e c e p t o r s ,  d e t e c t i n g  r a t e  of m e t a b o l i s m  in 
musc les  4, a n d  v e n o u s  or  p u l m o n a r y  chemorecep to r s ,  re-  
s p o n d i n g  to  changes  in m i x e d  v e n o u s  b lood  compos i t i on  5. 
I n  t h e  p r e s e n t  s tudy ,  a r t e r i a l  a n d  mixed  v e n o u s  pH ,  

PCO 2 a n d  PO~ were m e a s u r e d  in 6 r a b b i t s  (2.5-3.5 kg 
b .wt) ,  l i gh t ly  a n a e s t h e t i z e d  w i t h  sod ium p e n t o b a r b i t o n e  
(45 mg/kg ,  smal l  s u p p l e m e n t a r y  doses a d d e d  w h e n  signs 
of a rousa l  were observed) ,  a n d  t r e a t e d  w i t h  D N P .  U p  to  
6 in fus ions  of 5 m g / k g  D N P  (1% so lu t ion  in 1.5% 
NaHCO3) were  p e r f o r m e d  e v e r y  15-20 min.  Blood 
samples  ( a r t e r i a l - f r o m  r i g h t  f emora l  a r t e ry ,  a n d  mixed  
v e n o u s  - f r om r i g h t  a t r i u m  v ia  r i g h t  j ugu la r  vein) were  
t a k e n  pr io r  to  each  in fus ion  a n d  ana lyzed  for pH,  P O  2 
a n d  PCO 2 w i t h  t h e  R a d i o m e t e r  BMS-3  b lood ana lyzer .  
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