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SUMMARY 

Sodium bicarbonate  given by nasogastric tube has been  used by some trai- 
ners as the key ingred ien t  in a 'milkshake' .  It has been  suggested that such 
t rea tment  given 3-5 h pr ior  to racing may enhance  a horse 's  racing per- 
fo rmance  by increasing the b lood  buffer ing capacity and enhanc ing  
lactate c learance f rom skeletal muscle, thereby delaying the onset  o f  
fatigue. Several exper iments  were conduc t ed  to examine  the effects on 
fluid, electrolyte and  acid-base values of  0.5 g kg -~ dose of  sodium bicar- 
bonate ,  were examined.  The  effects of  fasting, the s imultaneous adminis- 
tration of  glucose (0.5 g kg -~) or  the wi thholding of  water were also 
examined  to de t e rmine  whe ther  they inf luenced  the uptake  and elimin- 
at ion of  sodium bicarbonate .  Six T h o r o u g h b r e d  horses were used, each 
wearing a ur ine  and  faecal col lect ion harness. Pr ior  to sodium bicarbon-  
ate administrat ion,  venous blood,  ur ine  and  faecal samples were collected 
for  24 h to establish control  values. After adminis t ra t ion of  sodium bicar- 
bona te  (0.5 g kg -1) in 2 1 of  water, samples were col lected at various times 
for up to 46 h. T h e r e  were significant increases in water consumpt ion ,  
f rom 0.5-2.3 1 h -~ at 2 h post-administrat ion.  Ur ine  o u tp u t  increased by 
approximate ly  three  fold and did no t  re turn  to cont ro l  levels until  18 h 
post-administrat ion.  Urinary sodium concen t ra t ion  increased f rom 95 _+ 
16 mmol  1-1 (mean _+ SEM) tO peak values of  349 _+ 12 mmol  1-1 at 12 h. In 
the 24 h after  sodium bicarbonate  administrat ion,  approximate ly  80% of  
the sodium intake (NaHCO3+feed) was excre ted  in the urine.  T h e r e  was 
no significant change  in the total ur inary potassium and  chlor ide  
excret ion.  Faecal water con ten t  did no t  change  following sodium bicar- 
bona te  administrat ion,  bu t  there  was an increase in faecal sodium con- 
tent. The  mean  increase in venous b lood  b icarbonate  concen t ra t ion  was 
7.6 +_ 0.4 mmol  1-1 after  the 0.5 kg -l dose. Water  deprivat ion for  6 h after  
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sodium bicarbonate administration, fasting or the co-administration of 
glucose did not affect the peak blood bicarbonate concentration or the 
time to peak concentration. However, the withholding of water did result 
in a faster rate of decrease in blood bicarbonate concentration when water 
was resupplied. 

I~.'~wom~s: Sodium bicarbonate; milkshake; horse; electrolyte; acid-base, 

INTRODUCTION 

Sodium bicarbonate has been administered to racehorses, as the main ingredient 
in a 'milkshake', prior to racing with the expectation that it can improve perform- 
ance by delaying the onset of fatigue (Rose & Lloyd, 1992). There is no clearly 
defined formula for a 'milkshake' and there have been reports of a number of 
other ingredients, apart from sodium bicarbonate, being included. Some of the 
conmmn constituents are glucose, sodiuna chloride, potassium chloride, vitamin 
E, sugar (sucrose), glycopyrraline, and beta-agonists such as clenbuterol and sal- 
butamol (Swann, 1990; Roelofson, 1992; Rose & Lloyd, 1992). These ingredients 
are generally mixed together in approximately 2-3 1 of water and administered to 
a racehorse via a nasogastric tube. 

The changes in acid-base status that are caused by the administration of sodium 
bicarbonate at doses of 0.3-1.0 g kg -~ in horses have been investigated in several 
studies (Kelso et al., 1987; Lawrence et al., 1987a, b; Greenhaff et aL, 1990, 
1991a, b; Roberts et al., 1991; Harkins & I~maerling, 1992; Kline et al., 1992; 
Hanson el al., 1993; Lloyd et al., 1993). Most of these studies have examined the 
effects of sodium bicarbonate administration over a 3-6 h period, while one study 
monitored changes in acid-base status up to 24 h (Greenhaff et aL, 1990). How- 
ever, the effects of sodium bicarbonate administration on the overall fluid and 
electrolyte balance in the racehorse have not been investigated. The adminis- 
tration of large doses of sodium bicarbonate have been shown to cause fluid shifts, 
reflected by changes in the plasma total protein concentration (Roberts et al., 
1991; Greenhaff et al., 1991a), as well as alterations in serum sodium (Na+), 
potassium (K +) and chloride (C1-) concentrations (Greenhaff et al., 1991a; Hanson 
et al., 1993). It is likely that there will be alterations in the concentration of urinary 
electrolytes as well. 

While venous blood bicarbonate (HCO:C) or total carbon dioxide (TCO._,) con- 
centration can provide a reliable indication of sodium administration (Ir~dne, 
1992; Roelofson, 1992; Auer et al., 1993), it may be possible to use urinary 
measurements as a screening test to determine whether an alkalinizing agent has 
been administered. This would avoid the need for venepuncture. The measure- 
ment of urinary pH or urine Na + concentration could provide an indication of the 
administration of sodium bicarbonate. 

The effects on the fluid, electrolyte and acid-base balance of 0.5 g kg -1 dose of 
sodium bicarbonate in the racehorse were examined in experiment 1. The dose 
rate of 0.5 g kg -1 was used as it was reported to be the dose most commonly given 
to horses prior to racing. The highest reported dose rate of sodium bicarbonate 
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that  has been  adminis tered  to horses is 1.0 g kg -~ (Hinchcl i f f  et al., 1991; Kline et 
al., 1992; Hanson  et al., 1993; Lloyd & Rose, 1995), while o ther  studies have used 
dose rates of  0.3 g kg -j (Lawrence et al., 1987a, 1990). 

As part  of  the pre-race rout ine,  some trainers deny their  horse access to water 
for several hours  pr ior  to racing so the horses do no t  carry a large fluid load 
dur ing  a race. While wi thholding water f rom horses for  6 h has been  demon-  
strated to have no significant effects on the horses'  acid-base status (Hanson et al., 
1993), it is possible that denying horses access to water could act in conjunc t ion  
with a dose of  sodium bicarbonate  to p roduce  a more  p r o f o u n d  alkalosis. If a 
large dose of  sodimn bicarbonate  was also adminis tered  then the lack of  access to 
water may have an effect  on the b lood  HCO3- concent ra t ion .  In expe r imen t  2 a 
dose of  sodimn bicarbonate  equivalent  to that used in expe r imen t  1 was given to 
the horses while denying them water for a 6 h period.  Th e  effects on the fluid, 
electrolyte and acid-base balances were then mon i to red  to examine  how water 
restriction inf luenced the horses '  response.  

When sodium bicarbonate  is adminis tered  to a racehorse  as a 'milkshake'  it is 
often given in conjunc t ion  with a n u m b e r  of  o the r  ingredients,  such as glucose 
(Rose & Lloyd, 1992). The  inclusion of  glucose and o ther  substances will increase 
the osmolality of  the solution, which may then inf luence the rate at which the con- 
tents are absorbed.  It is not  known precisely how much  glucose is administered,  
but  f rom quest ioning of  trainers it seems that approximate ly  200 g o f  glucose is 
of ten given. Ano the r  factor  which may inf luence the rate at which sodium bicar- 
bonate  is absorbed is the presence  of  feed in the stomach. If sodium bicarbonate  
is adminis tered  to a horse  that has been  fasted then it is possible that sodium 
bicarbonate  will be absorbed more  rapidly than if food  was present.  In expe r imen t  
3, the effects of  overnight  fasting were com p a red  with feeding  in horses adminis- 
tered sodium bicarbonate .  In addit ion,  glucose was added  to the sodium bicarbon- 
ate solution to de t e rmine  whe the r  absorpt ion of  sodium bicarbonate  was affected. 

These  exper iments  indicated that sodium bicarbonate  administrat ion resul ted 
in substantial changes in fluid, electrolyte and acid-base balance, ref lected in alt- 
e red  plasma and  urinary electrolyte concentra t ions .  Many of  these findings have 
impor tan t  implications for  regulatory authori t ies  who are c o n c e r n e d  with the 
regulat ion and detec t ion of  agents that  can p roduce  metabol ic  alkalosis in 
racehorses.  

MATERIALS AND METHODS 

1. Administration of O.5 g k {  ~ sodium bicarbonate 
Six T h o r o u g h b r e d  horses, each wearing ur ine  and faecal collection harnesses, 

were placed in crushes. T h e  harnesses were designed with a reservoir  to pe rmi t  
quantitat ive collect ion o f  ur ine  and  faeces for  each sampling period.  For  cont ro l  
values, venous blood,  ur ine  and  faecal samples were col lected every 6 h over the 
nex t  24 h per iod,  pr ior  to the adminis t ra t ion of  sodium bicarbonate .  On the 
second day, a ca the ter  was inserted into the jugu la r  vein and sodium bicarbonate  
(0.5 g kg -~) was adminis te red  via nasogastric tube, in 2 1 water. Venous  b lood  and 
ur ine  samples were col lected at the following times (h) post-administration: 0.5, 1, 
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2, 3, 4, 6, 8, 10, 12, 18, 22, 24, 28, 34, 40 and 46. Faecal samples were collected at 4, 
10, 18, 22, 28, 34, 40 and 46 h post-administration. Water  was freely available at all 
times. 

At each sampling time, venous b lood was collected into 2 ml hepar in ized  
syringes, sealed and immediately placed in a c rushed  ice slurry for b lood  gas and 
acid-base analyses (ABL300, Radiometer ,  Copenhagen ,  Denmark) .  A fnr ther  
10 ml sample of  b lood was collected into an evacuated tube conta in ing  li thium 
heparin.  The  plasma was separated,  by centr ifuging,  and analysed for Na +, K*, CI-, 
creatinine,  total prote in  and osmolality. Urine  was collected f rom the reservoir 
a t tached to the ur ine  collection harness, at the times indicated above when it was 
freely p roduced .  Volume and pH were measured  immediately after  collection 
(PHM83 Autocal pH meter ,  Radiometer ,  Copenhagen ,  Denmark) .  Port ions were 
s tored a t - 8 0 ° C  for measurements  o f  Na +, K +, CI-, creatinine,  specific gravity and 
osmolality. Plasma and urinary Na ÷ and K ÷ concent ra t ions  were de t e rmined  using 
flame pho tome t ry  (343 Digital Flame Pho tomete r ,  Ins t rumenta t ion  Labora tory  
Inc., Lexington,  Kentucky, USA); C1- concent ra t ion  was d e t e rm in ed  with a 
chlor ide t i trator (CMT10, Radiometer ,  Copenhagen ,  Denmark) ;  osmolality was 
de t e rmined  using a vapour  pressure o smomete r  (5500, Wescor  Inc., Utah, USA); 
creat inine concent ra t ion  was measured  on  a TDx analyser (Abbott  Laborator ies  
Diagnostics Division, Texas, USA) and total plasma prote in  and urine-specific 
gravity were measured  by ref rac tometry  (Reichert  ref rac tometer ,  Cambridge 
Inst ruments  Inc., Buffalo, USA). 

Faeces were collected, weighed and  processed, for  percen tage  water, Na ÷ and K + 
content .  The  percentage  water con ten t  was de t e rmined  by drying a sample of  
faeces of  known weight for  several days in an incubator .  Th e  sample was then 
reweighed and the water con ten t  calculated. Th e  Na + and K + con ten t  was deter-  
mined  by the following method .  Dry faeces (0.5 g) were weighed into a 50 ml boil- 
ing tube and several glass beads were placed in each tube. Nitric acid (5 ml) was 
added  and the tubes allowed to stand overnight.  Th e  following m o rn in g  5 ml of  a 
1:1 solution of  nitric acid and perchlor ic  acid was added  and the tubes hea ted  on 
a digestion rack. Initially the tubes were hea ted  until boil ing and then allowed to 
s immer for  2 h or  until digestion was complete ,  leaving at least 1 ml of  liquid. Th e  
remaining solution was made  up to 25 ml in a volumetr ic  flask with distilled water 
and then t ransferred to a 25 ml container .  Th e  samples were s tored at room tem- 
pera ture  and the Na + and K ÷ concent ra t ion  measured  using an atomic absorpt ion 
spec t romete r  (Spectra AA.20, Varian Techno logy  Pty Ltd, Australia). The  above 
m e t h o d  was also used to de te rmine  the Na ÷ and K ÷ con ten t  of  the feed which was 
1046 and 2002 mmol,  respectively. 

The  results were analysed by analysis of  variance with time as the repea ted  meas- 
ures factor. Where  the Fvalues  were significant (P<0.05), a post-hoc Tukey test was 
used. A paired t-test was used to compare  the total quantit ies of  electrolytes that 
were excre ted  in the urine.  All results are r epor t ed  as mean  _+ SEM. 

2. Effect of water deprivation on the response to sodium bicarbonate administration 
During a per iod  of  water deprivation,  the effects o f  sodium bicarbonate  admin- 

istration were examined  on  fluid, electrolyte and acid-base status. Th e  same six 
horses used in expe r imen t  1 were also used in this study. Th e  protocol  was the 
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same as in expe r imen t  1, excep t  that the horses were den ied  access to water for  
6 h after  the administrat ion of  sodium bicarbonate  (0.5 g kg-1). Water  was resup- 
plied to the horses with their  evening feed. Venous b lood and ur ine  samples were 
collected every half  hou r  for  12 h after dosing. 

The  results we re  compa red  with expe r im en t  1 using an analysis o f  co-variance 
with time as a repea ted  measures factor. The  results f rom expe r imen t  2 only were 
analysed by analysis of  variance with time as the repea ted  measures factor. Where  
the Fvalues  were significant, a post-hoc Tukey test was used. It was not  possible to 
pe r fo rm statistical analysis on the ur ine data due  to the in f requen t  urinat ion.  
Results are r epor t ed  as mean  +_ SEM. T h e r e  was a 6 m o n th  per iod between exper-  
iments 1 and 2 and so the two exper iments  should be regarded  as i n d e p e n d e n t  
studies, despite the fact that the same horses were used. 

3. The effects of fasting and the co-administration of glucose on the response to 
sodium bicarbonate administration 

Six horses were used in a Latin Square design with three horse pairs and three 
treatments.  On the day before  the exper iment ,  the horses'  final meal was at 
1600 h. Two horses were randomly assigned to each t rea tment  on the first day. 
The  first t rea tment  consisted of  feeding the horses at 0630 h and administer ing 
sodium bicarbonate  (1.0 g kg -~) at 0800 h. The  second t rea tment  g roup  had their  
morn ing  feed withheld and were given sodium bicarbonate  (1.0 g kg -~) at 0800 h. 
The  third t rea tment  g roup  had their  m o rn in g  feed withheld and were given 
sodium bicarbonate  (1.0 g kg -~) and glucose (0.5 g kg -~) at 0800 h. The  horses 
were allowed free access to water at all times. Blood samples were collected, via a 
jugula r  vein catheter ,  pr ior  to sodium bicarbonate  administrat ion,  every half  h o u r  
for  the first 6 h post-administration and then every h o u r  until 12 h. Samples were 
collected into 2 ml hepar in ized  syringes, sealed and immediately placed in a 
crushed ice slurry for b lood gas analyses within 1 h, as out l ined in expe r imen t  1. 

The  results were analysed using a Latin Square analysis of  co-variance, with time 
as a repea ted  measures factor. The  time to peak HCO3- concentra t ion ,  and the 
max imum increase in H C O f  concent ra t ion  were de t e rmined  for  each horse,  and 
the effects o f  the three t reatments  were compared  using an analysis of  variance. 
Results are r epor t ed  as mean  _+ SEM. 

RESULTS 

I. Administration of O.5 g k {  1 sodium bicarbonate 
T h e r e  was little variation in the values ob ta ined  f rom the four  sampling times 

dur ing  the 24 h pr ior  to the administrat ion of  the t reatment ,  as is evident  by the 
small s tandard errors. The  average o f  these values provided a good  indication of  
the resting levels for  each horse. 

The  administrat ion of  sodium bicarbonate  caused a significant increase in water 
intake f rom a contro l  level of  0.5 1 h -~ to a max imum of  2.3 1 h -~ at 2 h after  admin- 
istration (Fig. 1). T h e r e  was also an increase in the ur ine  ou tpu t  with the pro- 
duc t ion  o f  0.8 1 h -~, between 3 and 4 h post-administrat ion f rom a resting rate o f  
0.23 1 h -~. Ou tpu t  had r e tu rned  to normal  levels by 18 h (Fig. 1). It was no t  poss- 
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Fig. 1. Changes (mean + SEM) in (a) water intake, (b) ur ine  volume,  (c) specific gravity and 
(d) urinary osmolality in six T h o r o u g h b r e d  horses after receiving sodium bicarbonate  
(0.5 g kgf).  The  'pre '  Value represents flae average of  the samples col lected in the 23 h pr ior  to 
t reatmen t. 

ible to pe r fo rm statistical analyses on the ur inary values as the horses u r ina ted  
inf requent ly  and  no t  enough  ur ine  was p r o d u c e d  at each sample t ime fo r  valid 
statistical comparisons  to be made.  The  administrat ion of  sodium bicarbonate  
caused a more  dilute ur ine  to be p roduced ,  as can be seen f rom the decrease  in 
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Fig. 2. Changes (mean + SEM) in (a) urinary sodium (Na÷), (b) potassium (K ÷) and (c) 
chloride (CI-) concentrations in six Thoroughbred horses after receiving sodium bicarbonate 
(0.5 g kg-'). The 'pre '  value represents the average of the samples collected in the 24 h prior to 
treatment. 

the  specific gravity, a n d  also res t lhed  in a d e c r e a s e d  u r ina ry  osmola l i ty  (Fig. 1). 
T h e  p e a k  d e c r e a s e  in specific gravity a n d  u r ina ry  osmola l i ty  o c c u r r e d  at 4 h post-  
admin i s t r a t i on ,  wh ich  c o i n c i d e d  with the  i n c r e a s e d  u r ine  vo lume .  T h e  specific 
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gra~4ty and ur inary osmolality had r e tu rned  to control  levels at 28 h post-adminis- 
tration, when the rate of  ur ine  producti .on had also r e tu rned  to normal .  

T h e r e  was an increase in the ur ine  Na + concent ra t ion  f rom 94.9 + 16.0 mmol  1 -~ 
to a max imum of  349.3 _+ 12.1 mmol  1 -~ at 12 h (Fig. 2), decreasing to cont ro l  
levels by 34 h. Changes in urinary K + followed a similar t ime-course excep t  that a 
decrease ~4as observed (Fig. 2) f rom control  values of  256.2 + 16.6 mmol  1 -~ to a 
m in imum  value of  66.3 + 8.1 mmol  1 -~ at 18 h post-administrat ion.  Th e  urinary CI- 
concent ra t ion  also decreased,  f rom the resting concen t ra t ion  of  223.9 + 
8.4 mmol  1-1 to reach the lowest concen t ra t ion  of  59.2 + 13.7 mmol  1 -~ at 10 h, 
re tu rn ing  to the control  levels by 28 h (Fig. 2). Th e  total a m o u n t  of  Na ÷ excre ted  
in the ur ine  over the 24 h per iod  after sodium bicarbonate  administrat ion was 
3381 + 179 mmol.  This was significantly h igher  than the a m o u n t  excre ted  dur ing  
the 24 h pr ior  to adminis t ra t ion where only 598 + 87 inmol were excre ted  in the 
urine.  The  a m o u n t  of  Na + excre ted  in the ur ine  in the 24 h after t r ea tmen t  rep- 
resented approximate ly  80% of  the total Na + intake (NaHCO:~+feed). T h e  a m o u n t  
of  C1- in the ur ine  for 24 h after sodium bicarbonate  adminis t ra t ion was 1276 + 
97 mmol ,  which was not  significantly di f ferent  to that in the previous 24 h (1249 + 
99 retool).  The  total quant i t  T of  K + excre ted  in the ur ine  over the 24 h pr ior  to 
t r ea tment  was 1372 + 86 retool, which was also not  significantly di f ferent  frorn the 
1290 + 71 mmol  excre ted  in the ur ine  over the 24 h following txeatment.  Th e  frac- 
tional Na + excre t ion increased f rom a control  value of  0.41 + 0.09% to a peak at 
3.27 + 0.52% 6 h post- treatment.  Tiffs was h igher  than the range usually encoun-  
tered in adult  horses of  0.2-1.0% (Rose & Hodgson ,  1993). T h e  K + and CI- frac- 
tional excret ion values were within the normal  ranges for horses o f  15-65% and 
0.04--1.6%, respectively (Rose & Hodgson ,  1993) t h r o u g h o u t  the exper imenta l  
per iod.  

Sodium bicarbonate  adminis t ra t ion p r o d u c e d  a metabol ic  alkalosis that  was 
ref lected by a significant increase in venous b lood  pH which rose f rom an initial 
level of  7.356 + 0.005 to a peak of  7.491 + 0.007 at 4 h post-administrat ion (Fig. 3). 
The  level r ema ined  stable for  2 h and then  decl ined and was not  significantly 
di f ferent  f rom the resting level at 24 h. As a result o f  the metabolic  alkalosis, the 
ur ine  became  more  alkaline and its pH increased f rom 7.6 + 0.1 by 0.9 pH units, 
to 8.5 + 0.1, over 4 h. The  ur ine  pH rema ined  elevated for approximate ly  20 h 
when it started to decl ine and had  r e tu rned  to the cont ro l  values by 34 h (Fig. 3). 

Venous  b lood  carbon dioxide tension (PCO2) was raised by sodium bicarbonate  
t rea tment ,  changing  by approximate ly  3 tor r  by 2 h and remain ing  elevated for  
the nex t  10 h, when it started to decrease  and was no t  significantly d i f ferent  f rom 
the initial value by 24 h (Fig. 4). The  changes in the venous  HCO:~- concen t ra t ion  
followed a similar t rend  to b lood pH.  Sodium bicarbonate  (0.5 g kg -~) caused a 
me a n  increase in HCO3- concen t ra t ion  of  7.6 + 0.4 m m o l  1 -~, with an average t ime 
to peak concen t ra t ion  of  5.5 + 0.7 h (Fig. 4). T h e  peak mean  concen t ra t ion  was 
36.7 + 0.7 mmol  1-1. By 2 h, the HCO3- concen t ra t ion  significantly increased f rom 
the pre-adminis t ra t ion concen t ra t ion  of  30.0 + 0.3 mmol  1 -~, and had  r e tu rn ed  to 
cont ro l  levels by 22 h. T h e  t ime-course for changes in s tandard  b icarbona te  (SBC) 
was similar to those for  b lood  pH and  HCO C concen t ra t ion ,  with the mean  peak 
level o f  33.4 + 0.6 mmol  1 -t occur r ing  at 6 h post-administrat ion (Fig. 4). 

T h e r e  was a 4.5 mmol  1-1 increase in plasma Na + concen t ra t ion  over the 4 h 
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Fig. 3. Changes (mean _+ SEM) in (a) venous blood and (b) urine pH in six Thoroughbred 
horses after receiving sodium bicarbonate (0.5 g kg-~). The 'pre '  value represents the average 
of the samples collected in the 24 h prior to treatment. 

fo l lowing  s o d i u m  b i c a r b o n a t e  admin i s t r a t i on ,  howeve r  this inc rease  was n o t  sig- 
n i f i can t  (Fig. 5). T h e r e  were  s igni f icant  dec reases  in p l a sma  K ÷ a n d  CI- c o n c e n -  
t ra t ions  (Fig. 5). P lasma  K ÷ s ignif icant ly  d e c r e a s e d  f r o m  a c o n t r o l  value o f  4.0 + 
0.1 m m o l  1 -~ to 3.2 +_ 0.1 m m o l  1 -~ at 6 h b u t  was n o t  s ignif icant ly  d i f f e ren t  f r o m  the  
c o n t r o l  value by 12 h. P lasma  C1- c o n c e n t r a t i o n  d e c r e a s e d  by a m a x i m u m  o f  
2.9 m m o l  1 -~ b e t w e e n  4 a n d  8 h af ter  a d m i n i s t r a t i o n  a n d  was n o t  s ignif icant ly  
d i f f e r en t  f r o m  the  res t ing  value by 12 h. 

Initially, the  p l a sma  total  p r o t e i n  c o n c e n t r a t i o n  rose  by 5 g 1 -~ over  the  first h a l f  
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Fig. 4. Change (mean + SEM) in (a) venous blood carbon dioxide tension (PCO,_,), (b) 
bicarbonate (HCO3-) and (c) standard bicarbonate (SBC) concentrations in six 
Thoroughbred horses after receiving sodium bicarbonate (0 .5gkg- ' ) .  The 'pre '  value 
represents the average of the samples collected in the 24 h prior to treatment. 

h o u r  a n d  t h e n  s ign i f i can t ly  d e c r e a s e d  b e l o w  the  in i t i a l  va lue  by an  a v e r a g e  o f  
4 g 1 -I b e t w e e n  4 a n d  6 h. A f t e r  6 h it g r a d u a l l y  rose  un t i l ,  by 10 h,  it  was s ignif i -  
can t ly  d i f f e r e n t  f r o m  the  c o n t r o l  va lue  (Fig.  6). T h e r e  was an  i n c r e a s e  in t he  
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Fig. 5. Changes  (mean + SEM) in (a) venous plasma sodium (Na+), (b) potassium (K +) and (c) 
chlor ide (CI-) concent ra t ions  in six T h o r o u g h b r e d  horses after receiving sodium bicarbonate  
(0.5 g kg-~). The  'p re '  value represents  tile average of  the samples col lected in the 24 11 pr ior  to 
t reatnmn t. 

plasma osmolality between 1 and 6h,  from an initial value of 277.9 + 
0.9 mmol kg -t with a mean peak plasma osmolality of 285.8 + 2.9 mmol kg -t occur- 
ring at 1 h (Fig. 6). 
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Fig. 6. Changes (mean + SEM) in (a) venous plasma total protein concentration and (b) 
osmolality in six Thoroughbred horses after receipting sodium bicarbonate (0.5 g kg-I). The 
'pre '  value represents the average of the samples collected in the 24 h prior to treatment. 

I t  was n o t  possible to p e r f o r m  statistical analyses o n  the  da ta  de r ived  f r o m  the  
co l lec t ion  o f  faeces d u e  to the  d i f f e ren t  sample  co l lec t ion  times. H o w e v e r  it was 
n o t e d  tha t  the  p e r c e n t a g e  water  c o n t e n t  o f  the  faeces  r a n g e d  f r o m  m e a n  values o f  
7 2 - 7 8 %  af ter  the  admin i s t r a t i on  o f  s o d i u m  b i ca rbona t e ,  a n d  d id  n o t  a p p e a r  to be  
d i f f e ren t  f r o m  the  c o n t r o l  p e r i o d  whe re  the  p e r c e n t a g e  faecal  water  c o n t e n t  was 
76.1 + 0.5%. O v e r  the  c on t ro l  p e r i o d  o f  24 h, the  m e a n  h o u r l y  ra te  o f  faecal  N a  ÷ 
e l imina t ion  was 15.6 m m o l  h -l, a n d  a p p e a r e d  to increase  in the  22 h fo l lowing  
s o d i u m  b i c a r b o n a t e  a dm i n i s t r a t i on  to m e a n  values o f  21.7 m m o l  h -~. In  cont ras t ,  
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Fig. 7. Cumulative faecal sodium (Na ÷) and potassium (K ÷) content from six Thoroughbred 
horses prior to treatment, and for 46 h after administration of sodium bicarbonate (0.5 g kg-I). 
Values represent the mean output  from the six horses at each time. The 'pre '  value represents 
the total output in the 24 h prior to treatment. 

faeca l  K ÷ e l i m i n a t i o n  was f o u n d  to d e c r e a s e  s l igh t ly  f o l l o w i n g  b i c a r b o n a t e ,  f r o m  
c o n t r o l  va lues  o f  14.9 to 10.9 m m o l  h - '  in  t h e  22 h a f t e r  s o d i u m  b i c a r b o n a t e  (Fig.  
7).  

2. Effect of water deprivation on the response to sodium bicarbonate administration 
W h e n  w a t e r  was r e s u p p l i e d  to t h e  h o r s e s  6 h a f t e r  s o d i u m  b i c a r b o n a t e  a d m i n i s -  

t r a t i o n ,  a l a rge  a m o u n t  o f  wa te r ,  7.5 _+ 1.6 1, was c o n s u m e d  wi th in  h a l f  a n  h o u r  o f  
avai labi l i ty .  W h e n  t h e  h o r s e s  we re  a l l o w e d  f r ee  access  to  w a t e r  t hey  p r o d u c e d  o v e r  
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Fig. 8. Changes (mean + SEM) in (a) venous blood pH and (b) bicarbonate (HCO3-) 
concentration in six Thoroughbred horses after receiving sodium bicarbonate (0.5 g kg-I). 
Horses were allowed free access to water (0) or were denied access to water for 6 h after 
treatment (©). The 'pre'  value represents the average of the samples collected in the 24 h 
prior to treatment. 

a 12 h pe r iod  a total o f  4.86 1 of  ur ine  m o r e  than  those horses  that  were den ied  
access to water. Changes  in specific gravity, ur inary osmolality,  and  ur inary  Na +, K ÷ 
and  C1- concen t ra t ions  were also similar to those observed  when  water  was freely 
available. In bo th  expe r imen t s  there  was an increase in ur ine  p H  of  app rox ima te ly  
1 p H  unit,  which persis ted for  12 h post-adminis t ra t ion.  

T h e r e  was significant d i f ference  in the shifts in venous  b lood  p H  c o m p a r e d  with 
e x p e r i m e n t  1, with a peak  increase in b lood  p H  of  0.088 p H  units when  water  was 
wi thheld  c o m p a r e d  with an increase of  0.063 p H  units when  water  was freely avail- 
able (Fig. 8). Blood p H  was significantly h igher  than the contro l  value for  the 12 h 
per iod  af ter  adminis t ra t ion.  T h e r e  was a d i f ference  in the rate o f  decl ine in b lood  
p H  between the t rea tments ,  with the b lood  p H  decreas ing  m o r e  rapidly in this 
e x p e r i m e n t  af ter  water  was m a d e  available at 6 h. T h e  changes  in venous  b lood  
HCO3- concen t ra t ion  (Fig. 8) were no t  significantly d i f ferent  to values when  water  
was freely available. However ,  a similar t rend  was observed in the HCO3- concen-  
trat ions to b lood  p H  where  the levels dec reased  m o r e  rapidly af ter  water  was 
available at 6 h adminis t ra t ion ,  c o m p a r e d  with when  water  was freely available 
( e x p e r i m e n t  1). 
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Fig. 9. Changes (mean + SEM) in venous plasma osmolality in six Thoroughbred horses after 
receiving sodium bicarbonate (0.5 g kg-~). Horses were allowed free access to water (O) or 
were denied access to water for 6 h after treatment (©). The 'pre'  value represents the average 
of the samples collected in the 24 h prior to treatment. 

P lasma Na ÷, K ÷ and  total p ro te in  concen t ra t ions  were no t  significantly affected 
by denying  the horses  access to water  after  sod ium b ica rbona te  adminis t ra t ion  
c o m p a r e d  with when  it was freely available. T h e  p lasma  C1- concen t ra t ion  affected 
by the availability o f  water,  be ing  slightly h igher  over  the course  of  the e x p e r i m e n t  
when  water  was no t  available after  sod ium b ica rbona te  adminis t ra t ion.  T h e r e  was 
a significant d i f ference  in p lasma osmolali ty when  water  was unavai lable  (Fig. 9). 
T h e  p lasma  osmolali ty c o n t i n u e d  to rise f r o m  a control  value of  279.4 _+ 
0.9 m m o l  kg -~ until  it r e ached  a m e a n  p e a k  level o f  295.6 _+ 2.6 m m o l  kg -1 at post- 
adminis t ra t ion;  in e x p e r i m e n t  1, peak  p lasma osmolal i ty was 285.8 + 
2.9 m m o l  kg -~, 1 h af ter  adminis t ra t ion  with a decl ine  in values f rom this point .  

3. The effects of fasting and the co-administration of glucose on the response to 
sodium bicarbonate administration 

T h e r e  were no  significant effects o f  fasting, or  the combina t i on  of  fasting and  
the co-adminis t ra t ion  of  glucose with sod ium b icarbona te ,  on  the venous  b lood  
pH, PCO2, HCO3- and  SBC concen t ra t ions  in the 12 h af ter  sod ium b ica rbona te  
adminis t ra t ion .  T h e  changes  in each  of  these m e a s u r e m e n t s  were  very similar 
be tween all three  t r ea tments  (Fig. 10). W h e n  the increase in venous  b lood  H C O E  
concen t ra t ion  and  the t ime taken to reach  the peak  H C O E  concen t ra t ion  for  
each  horse  and  for  each  t r e a t m e n t  were c o m p a r e d ,  no  significant d i f ferences  in 
e i ther  o f  these m e a s u r e m e n t s  were f o u n d  be tween the t r e a t m e n t  groups.  

DISCUSSION 

While there  have been  a n u m b e r  o f  studies c o n d u c t e d  to examine  the effects o f  
sod ium b ica rbona te  on p e r f o r m a n c e  and  ac id -base  ba lance  (Kelso et aL, 1987; 
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Fig. 10. Changes (mean _+ SEM) in (a) venous blood pH, (b) carbon dioxide tension (PCO2), 
(c) bicarbonate (HCO{) and (d) standard bicarbonate (SBC) concentrations in six 
Thoroughbred horses after receiving sodium bicarbonate (1.0 g kg-I). Horses were either 
given their morning feed (O), had their morning feed withheld (O), or had their morning 
feed withheld and given glucose (0.5 g kg -I) with the sodium bicarbonate solution (A). 

Lawrence et al., 1987a, b; Greenha f f  et a t ,  1991a, b; Roberts  et al., 1991; Harkins & 
Kamerling,  1992; Lloyd et al., 1993; Lloyd & Rose, 1995), there  have been  no  
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reports of the effects of sodium bicarbonate on the overall fluid, electrolyte and 
acid-base status. The studies reported here examined the effects of a single dose 
of sodium bicarbonate and also investigated other factors that could play roles in 
altering the horses' response to sodium bicarbonate. 

1. Adminis t ra t ion  o f  O.5 g k g  I sodium bicarbonate 
The administration of a hypertonic solution of sodium bicarbonate (0.5 k kg -~) 

is likely to have resulted in fluid moving into the gastrointestinal tract from other 
fluid compartments, causing the initial increase in the plasma total protein con- 
centration. However, as sodium bicarbonate was absorbed into the circulation and 
the plasma Na + and HCO3- concentrations are increased, the tonicity of the 
plasma is also increased, indicated by the increased plasma osmolality. Fluid then 
moved into the plasma to decrease plasma osmolality, increasing the plasma 
volume, and causing a decrease in total protein concentration. This effect has 
been reported by other researchers (Greenhaff et al., 1991a; Jahn et al., 1991; 
Roberts et al., 1991). An increased plasma tonicity may induce a thirst sensation 
(Willatts, 1987), resulting in an increase in water consumption. The increase in 
water consumption also may have added to the decrease in the plasma protein 
concentration. 

While the urinary Na ÷ concentration increased due to the large Na ÷ load, the 
excretion of the other major electrolytes in the urine was relatively constant. The 
total amount  of K ÷ and C1- were relatively unchanged after sodium bicarbonate 
administration compared with the total amounts excreted in the previous 24 h. 
Studies in humans have also noted no significant changes in the total amounts of 
K ÷ and C1- excreted in the urine in a 24 h period after sodium bicarbonate admin- 
istration (Oster et al., 1988). The reduced urinary concentrations of K ÷ and C1- 
were therefore a dilutional effect resulting from the increased urinary volume. 
The dilution of the urinary electrolytes is the likely cause of the decrease in the 
urinary osmolality. Interestingly, sodium bicarbonate ingestion has been shown to 
cause a significant increase in urinary osmolality in humans (Oster et al., 1988). 
However, in the latter study, the treatment was not given as a single dose but was 
given in several doses over a 24 h period. During an acute increase in the plasma 
HCO3- concentration, the renal tubules continue to reabsorb the normal amount 
of HCO~- (24-28 mEq 1 -~ of filtrate), and excess HCO~- is excreted in the urine 
(Roberts et al., 1956), causing an increase in urinary pH. While the anion that is 
normally excreted with Na + in the urine is CI-, there was no change in the total 
amount  of C1- excreted in the 24 h period after sodium bicarbonate, indicating 
that it is another anion, such as HCO3-, that is accompanying the increased 
urinary Na ÷ output. Increased urinary HCO~- and Na ÷ outputs and urinary pH 
were found in human subjects after the administration of sodium bicarbonate 
(Oster et al., 1988). 

During metabolic alkalosis, there is an influx of K ÷ intracellularly and an effiux 
of H ÷ extracellularly, maintaining intracellular electrical neutrality (Willatts, 
1987). The H ÷ effiux into the blood then buffers the increased HCO3- concen- 
tration. This was reflected in the current study where a decrease in the plasma K* 
concentration was found while the blood pH was increased. In addition, it is likely 
that the increased plasma osmolality caused fluid to move into the extracellular 
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fluid, diluting plasma K ÷. There  were relatively small decreases in plasma CI- con- 
centration (2.9 mmol 1 -~) compared with mean increase in the other  anion HCO3- 
of 7.6 mmol 1-1. The decreased plasma C1- observed after sodium bicarbonate 
administration has been attributed to an increase in the urinary CI- excretion with 
Na ÷ (Heigenhauser &Jones,  1991). However, in the current  study there was no 
significant increase in the amount  of C1- excreted in the urine. This is consistent 
with the findings by Oster et al. (1988) who also found no significant increase in 
urinary C1- output  over 24 h in humans who had received several doses of sodium 
bicarbonate. 

It was not  possible to make direct comparisons between the pre- and post-treat- 
ment Na ÷ and K ÷ faecal contents due to the different collection times. However, 
over a similar time period there was an increase in the faecal Na ÷ content  after 
administration of sodium bicarbonate which could be directly attributed to the 
ingestion of the large Na ÷ load. The decreased faecal K ÷ content  was likely due to 
the decreased intake of K ÷ following denial of hay during the day. 

The sodium bicarbonate induced alkalosis may act to depress respiration, which 
will result in a retention of CO,_, as the body attempts to reduce the alkalotic state 
by increasing carbonic acid formation (Greenhaff  et al., 1990) thereby contribu- 
ting to the increased v e n o u s  PCO2. An increased arterial PCO2 has also been 
observed following sodimn bicarbonate administration (Lloyd et al., 1993). The 
peak increases in venous blood pH and HCO3- were similar to the responses 
noted after the administration of 0.6 g kg -1 of sodium bicarbonate (Greenhaff  et 
al., 1990). However, in that study, the peak pH was found at 8 h after adminis- 
tration, while in the current  study the peak was observed between 4 and 6 h. 
Another study found that the peak blood pH occurred between 2.5 and 3 h after 
administering sodium bicarbonate (0.4 g kg -I) (Harkins & Kamerling, 1992). The 
increase in venous blood HCO.3- concentration can be significantly influenced by 
the dose of sodium bicarbonate administered. The mean peak increases in the 
HCO~- concentration after a dose of 0.5 g kg -I was 7.6 + 0.4 mmol 1 -I compared 
with an increase of 10.1 + 0.3 mmol 1 -I after a 1.0 g kg -~ dose (Lloyd & Rose, 
1995). 

The strong ion difference (SID) can be calculated using the formula given by 
Stewart (1983) where: SID=(sum of  all the strong cat ions)-(sum of all the strong 
anion concentrations). During the time of  peak blood pH at 6 h post-adminis- 
tration the SID can be calculated on the following basis: 

SID=(148 mmol 1 -I + 3.2 mmol 1-1)-(97.3 mmol 1-~)=53.9 mmol 1 -I 

By comparison, the SID prior to administration of sodium bicarbonate was 
49.8 mmol 1-1, indicating that the SID increased by 4.1 mmol 1-1. This was slightly 
less than the expected increase, which was predicted to be approximately 
7 mmol 1-1, corresponding to the increase in HCO3- concentration. The difference 
in values may be attributed to an increased PCO2. 

2. Effect of  water deprivation on the response to sodium bicarbonate administration 
As part of the pre-race routine of some trainers, horses are denied access to 

water for several hours prior to racing. Therefore,  if a trainer was to give a horse 
sodium bicarbonate and then deny it access to water for several hours, it is poss- 
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ible that  there  would be differences in the fluid shifts and acid-base balance com- 
pared  with when water was freely available. As a result  o f  the restr icted access to 
water, the horses were forced  to conserve fluid, result ing in a slightly decreased  
ur ine  ou tpu t  over the 12 h period,  compa red  with ex p e r im en t  1. This occur red  
despite the necessity for  excre t ion  of  the increased electrolyte load. While the for- 
mat ion of  a more  concen t ra t ed  ur ine  would permi t  the excre t ion of  increased 
quantit ies of  Na ÷ and HCOC and there fore  conservation of  water, the urinary con- 
centra t ion o f  Na +, K + and C1- did not  appear  to be affected by water restriction. 
However,  there  appea red  to be substantial fluid shifts between body fluid com- 
par tments  as the plasma osmolality increased substantially following water restric- 
tion, suggesting fluid m o v e m e n t  out  of  the extracellular  fluid. 

The  denial  of  access to water caused the plasma osmolality to be significantly 
increased above that found  in expe r imen t  1. After water was resuppl ied at 6 h and 
large amounts  of  water were consumed,  the plasma osmolality decreased  rapidly 
(Fig. 9). The  large intake of  water at 6 h also had obvious effects on  the venous 
pH,  and HCO3- concentra t ions .  The  increased water intake probably di luted the 
b lood HCO:~- concent ra t ion ,  causing a more  rapid decl ine after 6 h, and as a 
result  the b lood pH also decreased  more  rapidly co m p a red  with when water was 
freely available. A similar effect  was no ted  with the plasma Na ÷ concen t ra t ion  
which decl ined rapidly once  water was ingested. Plasma K + and C1- concent ra t ions  
did decrease slightly after  6 h bu t  the effect  was not  as obvious c o m p a r e d  with the 
Na + and HCO3- concentra t ions .  

C om pa r e d  with expe r imen t  1, the horses '  venous b lood  HCO3- concent ra t ions  
after  the administrat ion of  sodium bicarbonate  and denial  of  water for  6 h showed 
there  was a h igher  average peak increase in HCO:~- concen t ra t ion  of  approxi-  
mately 2 mmol  1 -~ following water restriction. This is despite the fact that the peak 
HCO3- concent ra t ions  were similar in bo th  groups  (Fig. 8). It is possible that  a 
cross-over exper imenta l  design may have shown a statistically significant effect o f  
water restriction. 

3. The effects of fasting and the co-administration of glucose on the response to 
sodium bicarbonate administration 

The  presence  of  feed in horses '  s tomach may inf luence the rate at which 
sodium bicarbonate  is absorbed.  In addit ion,  the presence  of  o the r  substances in 
the 'milkshake'  mixture,  such as glucose, may also have an effect on the rate o f  
absorpt ion of  sodium bicarbonate .  The  condi t ions  in which sodium bicarbonate  is 
adminis tered  to racehorses pr ior  to racing could  no t  be s tandardized as the 
rout ine  varies between trainers. However,  when the effects o f  fasting and  the 
inclusion of  glucose in the sodium bicarbonate  solution were examined ,  no  large 
effects on the changes in venous b lood  pH,  PCO2,  HCO~- or SBC concent ra t ions  
were observed (Fig. 10). While the inclusion of  glucose has been  shown to 
increase the rate of  absorpt ion of  oral fluids in humans  (Gisolfi et al., 1991), the 
exta'emely hyper tonic  na ture  o f  the solution used in the cur ren t  study, probably  
t e mpe re d  any demons t rab le  effects on  fluid and  electrolyte absorption.  

Implications for the detection of sodium bicarbonate administration 
Current ly  the adminis t ra t ion of  sodium bicarbonate  is de tec ted  by the measure-  
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m e n t  of  venous b lood  H C O f  concent ra t ions  in New Zealand (Irvine, 1992) and 
total carbon  dioxide (TCO2) concent ra t ions  in Australia (Lloyd & Rose, 1992; 
Auer  et al., 1993). In Ontar io ,  Canada,  venous b lood  pH,  HCO3- and Na ÷ concen-  
trations are measured  to de t e rmine  whe ther  sodium bicarbonate  has been  admin- 
istered (Roelofson, 1992). A similar testing m e t h o d  is also used in o the r  parts of  
Nor th  America.  While the measu remen t  of  three  d i f ferent  values provides an 
ext remely  high degree  o f  pro tec t ion  for trainers who have not  given their  horses 
any sodium bicarbonate ,  it is possible that some t reated horses will escape detec- 
tion because all th ree  measurement s  have not  exceeded  the threshold  values. 
Further ,  the administrat ion of  substances such as potassium bicarbonate ,  potass- 
ium ciu'ate, calcium lactate and  tris (hydroxymethyl)  a m i n o m e t h a n e  which can 
cause alkalosis may go unde t ec t ed  if the threshold  for sodium is not  exceeded .  
Based on this study, there  are several measurements  which could  be used as 
screening tests to provide an indicat ion o f  the adminis t ra t ion of  sodium bicarbon-  
ate. Urinary Na ÷ concen t ra t ion  could  provide a good  indicat ion between 8 and 
20 h after sodium bicarbonate  administrat ion,  because there  was a large increase 
in concent ra t ion .  However,  it would not  be possible to distinguish the changes 
that  occur  due  to sodium bicarbonate  adminis t ra t ion f rom the changes  that could  
occur  due  to the administrat ion of  a large dose of  some o the r  sodium salt. In 
addit ion,  the peak Na + concen t ra t ion  occur red  12 h after  administrat ion,  which 
would make this impractical  for  testing at the racetrack as it would requi re  horses 
to be de ta ined  for several hours  after racing. 

While an increased urinary pH  was found  to be an indicator  of  sodium bicar- 
bona te  administrat ion in humans  (McKenzie, 1988), it is not  a good  indicator  in 
the racehorse.  Ur ine  pH was significantly elevated by sodium bicarbonate  adminis- 
tration, bu t  the rise was not  sufficient for  pH measurements  to be used as a screen- 
ing test, given that  there  is considerable  variation in the ur ine  pH of  un t rea ted  
horses. Coffman (1981) r epor t ed  a normal  range for ur ine  pH of  7-9, whereas in 
this study the mean  peak ur ine pH found  after sodium bicarbonate  was 8.52 _+ 
0.05. Clearly the rise is no t  sufficient for  it to be used as an indicator,  and  it would 
no t  be possible to distinguish between t reated and un t rea ted  horses with any 
certainty. 

The  plasma Na ÷ concen t ra t ion  is a n o t h e r  possible means  for detec t ing sodium 
bicarbonate  adminis t ra t ion and has been  used in con junc t ion  with o the r  measure-  
ments  in Canada  (Roelofson, 1992). T h e r e  was a significant rise in the plasma Na + 
concen t ra t ion  after  the adminis t ra t ion of  the 0.5 g kg -~ dose o f  sodium bicarbon-  
ate, with the peak value of  150.9 + 0.9 mmol  1 -~. An increase in plasma Na ÷ concen-  
trat ion to this level would exceed  the threshold  established in Canada  of  
147 mmol1-1, bu t  a lone it does  no t  different ia te  between sodium bicarbonate  
adminis t ra t ion and  the adminis t ra t ion of  o the r  sodium salts. Fu r the rmore ,  an 
increase in the measured  plasma Na ÷ concen t ra t ion  does no t  necessarily reflect  
increases in plasma Na + in the extracel lular  fluid, bu t  may also indicate water 
m o v e m e n t  out  of  the extracel lular  fluid a n d / o r  changes  in the body K ÷ con ten t  
(Edelman et al., 1958). 

Blood pH could  be used for  the de tec t ion  o f  sodium bicarbonate  adminis- 
tration. However,  using the threshold  level o f  7.430 set for  venous b lood  pH in 
Canada,  the mean  peak  pH f rom the cu r r en t  e x p e r i m e n t  in horses given 0.5 g kg -~ 
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dose of  sodium bicarbonate  would no t  have exceeded  this threshold.  A disadvan- 
tage associated with the m e a s u r e m e n t  o f  b lood  pH using b lood  gas machines  is 
that it is necessary to cor rec t  for  the horse 's  body t empera tu re  to allow an accurate 
m e a s u r e m e n t  to be made.  In pre-race testing, such a r eq u i r em en t  may cause diffi- 
culties when time is limited. 

The  de te rmina t ion  o f  venous b lood HCO3- o r  T C O 2  concent ra t ions  are simple 
measurement s  that can provide an indicat ion of  sodium bicarbonate  adminis- 
tration. The  mean  increase in venous HCO3- concen t ra t ion  of  7 mmol  1-1 after  the 
dose o f  sodium bicarbonate  (0.5 g kg -1) was sufficient to allow a distinction to be 
made  between the t reated and  un t rea ted  states. However,  the mean  peak concen-  
tration o f  36.7 mmol  1 -I was not  sufficient to exceed  the 38 mmol  1-1 threshold  set 
in Canada,  or  the 37.5 mmol  1-1 threshold  in New Zealand, indicat ing that these 
threshold  levels are established with a considerable  margin o f  safety and  give a 
high degree  o f  p ro tec t ion  to i nnocen t  trainers. However,  this dose would cause 
some horses to exceed  the lower TCO2 concen t ra t ion  thresholds o f  35 and 
37 mmol  1-1 that  have been  set in Australia. Due to the fact that  any thresholds  
must  be set with a large margin  of  safety, it must  be accepted  that  a 0.5 g kg ~ dose 
of  sodium bicarbonate  may go unde tec ted .  However,  larger doses are likely to 
cause the threshold  to be breached .  

Based on  the b lood  HCO3- concent ra t ion ,  it is no t  possible to de t e rmine  
precisely the dose o f  sodium bicarbonate  given to a horse  pr ior  to racing, as 
several factors can inf luence  the horse 's  response.  However,  f rom examin ing  the 
b lood  HCO~- concent ra t ions  in S tandardbred  horses sampled at the racetrack 
pr ior  to the ban on  the use of  alkalinizing agents (Lloyd et al., 1992), it is likely 
that  the trainers were adminis ter ing dose rates that were considerably grea ter  than 
the dose rate of  0.5 g kg -1 used in expe r im en t  1. Because many horses had  pre- 
race b lood  HCO3- concent ra t ions  in excess o f  40 mmol  1 -~, it is p robable  that  the 
dose o f  sodium bicarbonate  adminis te red  was close to 1.0 g kg -1 or  even higher.  It 
is no t  possible to give advice as to what could  be cons idered  a 'safe' dose o f  
sodium bicarbonate .  Individual horses may be affected by sodium bicarbonate  in 
d i f ferent  ways and  the same dose o f  sodium bicarbonate  may p ro d u ce  variable 
increases in venous b lood  HCO3- or  TCO2 concent ra t ions  every t ime it is given. 
As a result, sodium bicarbonate  should  no t  be given to a horse within 48 h o f  
racing. 

T h e  adminis t ra t ion o f  large doses o f  sodium bicarbonate  has been  shown to 
p roduc e  a n u m b e r  of  significant effects on  the fluid, electrolyte and  acid-base bal- 
ance. While the induced  metabol ic  alkalosis result ing f rom t h e  administrat ion o f  
sodium bicarbonate  may be beneficial  to pe r fo rmance ,  it is also possible that some 
o f  the o the r  changes  it causes may have o the r  potential ly adverse effects. Th e  
ingestion o f  the large sodium load p r o d u c e d  significant fluid shifts which should 
be taken into accoun t  when in te rpre t ing  any effects f rom p e r fo rm an ce  studies. 
T h e  venous b lood  HCOs- concen t ra t ion  provided  a good  indicat ion o f  the admin- 
istration o f  sodium bicarbonate  and  was no t  significantly affected by fasting, the 
co-administrat ion o f  glucose, or  water restriction. It is likely that  the HCOs- con- 
cent ra t ion  would also be elevated after  the ingest ion o f  o the r  agents capable of  
p roduc ing  metabol ic  alkalosis and could  also be used as an indicator  o f  their  
administrat ion.  
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