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ABSTRACT  24 

 25 

The administration of alkalinizing agents including bicarbonate is of concern to racing 26 

authorities because resultant alkalosis may enhance performance and interfere with the 27 

detection of drugs in post-race urine. A threshold for total carbon dioxide (TCO2) of 36.0 28 

mmol/L in plasma (with action limit of 37.0 mmol/L) has been set. Serial dosing of sodium 29 

bicarbonate has gained popularity in human athletes but has not been studied in horses 30 

previously. Sodium bicarbonate (200 g per horse) and 60 g of an electrolyte-vitamin complex 31 

was administered in 2 L water via nasogastric intubation to five Standardbred horses for three 32 

consecutive days (total dose bicarbonate 0.42 ±0.02 g/kg). Serial blood samples were taken 33 

over Days 1-5, with the final day (5) intended to simulate a ‘clear day’, and TCO2 was 34 

analysed. Following the first bicarbonate administration, plasma TCO2 peaked at 6 hours 35 

(34.8 ±1.3 mmol/L), returning to baseline by 23 hours.  On Day 2, four out of the five horses 36 

showed a peak greater than 36.0 mmol/L (mean 37.0 ±2.1 mmol/L). With daily repeated 37 

dosing, plasma TCO2 peaked progressively earlier, and by Day 3 the peak occurred at 2 hours 38 

and concentrations declined more rapidly. On Days 4 and 5, TCO2 levels remained low 39 

(<32.1 mmol/L on Day 4 and between 27.0 – 31.2 mmol/L on Day 5). These studies 40 

demonstrate that serial dosing of a ‘split dose’ of sodium bicarbonate on three consecutive 41 

days does not result in the accumulation or carry-over of plasma TCO2 levels beyond the 42 

levels observed following a single dose.  43 

 44 
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1. INTRODUCTION 48 

 49 

During intense exercise, working muscles have a greater reliance on non-oxidative energy 50 

pathways and there is intracellular accumulation of hydrogen ions (H+) with resultant 51 

acidification of muscle that is associated with fatigue.
1
 Alkalinising agents such as sodium 52 

bicarbonate (NaHCO3) which minimise H
+
 accumulation may be given to horses

2-8
 and 53 

human athletes
9,10

 in attempts to maintain exercise performance when acidosis limits 54 

anaerobic capacity. Sodium bicarbonate aids intracellular pH regulation by acting as an 55 

extracellular (blood) buffer, raising the extracellular pH and HCO3 concentrations and 56 

enhancing efflux of H
+
 from muscle cells during high-intensity exercise, potentially delaying 57 

the onset of fatigue and enhancing performance.
11-13

 This ‘buffering’ effect can be achieved 58 

in human athletes using both acute and chronic NaHCO3 supplementation.
14

   59 

 60 

The practice of administering mixtures containing sodium bicarbonate (commonly known in 61 

the horse racing industry as a “milk shake”) by nasogastric intubation 3 to 5 hours before 62 

racing was considered widespread, particularly in the harness racing industry, before pre-race 63 

testing was introduced in Australia over 25 years ago.
4
 The administration of alkalinizing 64 

agents including bicarbonate is of concern to horse racing authorities not only because it may 65 

improve performance,
2,5

 but also because it can interfere with the detection of other drugs in 66 

post-race urine and cause gastrointestinal disturbances.
15

 Sodium bicarbonate causes an 67 

increase in urine flow and increase in urine pH, in order to conserve plasma volume in 68 

response to the fluid shift from the extravascular space to the vascular compartment, and to 69 

re-establish acid-base balance, respectively
16

. This may mask the administration of other 70 

performance-enhancing drugs by reducing their concentration in urine, and is therefore of 71 

importance from an integrity perspective, as well as being a welfare concern.  72 

 73 

Measurement of plasma total carbon dioxide concentration (TCO2) is used as an indicator of 74 

alkalinizing agent use. TCO2 refers to the sum of the concentrations of carbon dioxide 75 

liberated from bicarbonate, carbonate, carbonic acid and carbon dioxide bound to plasma 76 

proteins during the analytical process, together with the dissolved carbon dioxide. The mean 77 

TCO2 concentration in Australian Thoroughbred horses, known not to have been treated with 78 

alkalinizing agents, has been determined to be 30.8 (SD 1.4 mmol/L).
17

 A threshold level of 79 

plasma TCO2 of 36.0 mmol/L (with an action limit of 37.0 mmol/L, allowing for uncertainty 80 

of measurement) for horses has been set.
 18

 Furthermore, as outlined in the Australian Rules 81 

of Racing (for Thoroughbred horses), a horse must not be administered an alkalinizing agent 82 

in any manner within 1 clear day (a period of 24h from 12.01am to 12 midnight) of an 83 

official trial or race; and in the Australian Harness Racing rules (for Standardbred horses) 84 

must not be stomach tubed within 48 hours of a trial or race or given any alkalinizing agent 85 

on the day of competition.  86 

 87 

Previous studies of the effects of alkalinizing agents, including bicarbonate, in horses have 88 

used the administration of a single dose.
2,5,6

 Following a single dose of 0.3 to 1.0 g/kg body 89 

weight, the TCO2 concentration increases until it peaks at around 4-7 hours, then slowly 90 

declines to return to pre-administration levels after 20-30 hours. The effect varies between 91 

horses, depends on the dose, the route of administration, and the alkalinizing agent 92 

administered.
5,6

  The effect of serial administration of lower doses of bicarbonate over several 93 

days has not been investigated although this practice is currently of concern for racing 94 

authorities. Serial dosing (or ‘serial loading’) of bicarbonate for 3-5 days to build up blood 95 

buffer levels, that may remain elevated for longer after the last ingestion compared to after a 96 

single dose, is considered by some to have ergogenic effects for at least 24 hours after the last 97 
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dose.
9, 19-24

 The additional benefit of reducing gastrointestinal problems associated with 98 

administration on the day of competition has been reported in human athletes,
9
 potentially 99 

prompting racehorse trainers to try a similar technique. 100 

 101 

The overall aim of this study was to investigate the effect of serial dosing of sodium 102 

bicarbonate on three consecutive days on the plasma total CO2 (TCO2) concentration in 103 

horses. The specific objective was to determine whether serial dosing of sodium bicarbonate 104 

(200 g) on three consecutive days can result in a TCO2 level that exceeds the permitted 105 

threshold of 36.0 mmol/L 47 h later (i.e. on the morning of competition, even with one clear 106 

day since the last dose).  107 

 108 

 109 

 110 

 111 

 112 

2. MATERIALS AND METHODS 113 

 114 

2.1 Subjects 115 

 116 

Five adult Standardbred horses were used for this study. All procedures were approved by the 117 

University of Melbourne Animal Ethics Committee prior to starting the trial (Permit number 118 

1814425.2).  119 

 120 

For the duration of the study the horses were kept in adjacent dirt yards (10 m x 15 m) with 121 

open shelter, in pairs. A veterinary health check was conducted on arrival and no 122 

abnormalities were detected. An acclimatization period of 3 days was provided after arrival. 123 

Body weight was accurately assessed using calibrated weigh scales (Horseweigh, UK) and 124 

weight range was 487-543 kg. The horses had unrestricted access to water. They were fed 125 

hay ad libitum and were also given a small feed of soaked soybean hulls and lucerne chaff 126 

each afternoon.  127 

 128 

2.2 Materials 129 

 130 

Sodium bicarbonate was obtained from Sigma-Aldrich Pty Ltd, Castle Hill NSW, and had a 131 

purity of >99.5%. Supervites® product (15 kg tub) was obtained from Randlab, Chipping 132 

Norton, NSW.  133 

 134 

2.3 Procedures 135 

 136 

Sodium bicarbonate (200 g per horse) was dissolved in 2 L of tap water, along with 60 g of 137 

Supervites® (Randlab; 1 scoop), which is an electrolyte and vitamin complex commonly 138 

given with bicarbonate to horses in race training. These products were weighed on calibrated 139 

laboratory scales and added to 2 L of clean tap water shortly before each administration with 140 

adequate mixing to ensure that the full dose was received on each occasion. As 1 scoop of 141 

Supervites® may provide quite a variable amount of product depending on the packing 142 

density of the powder (1 scoop giving between approximately 44 – 62 g), in this study a 143 

weighed amount of product was used, rather than relying on the scoop measure. This 144 

suspension was administered via a standard nasogastric tube (16 mm outer diameter; 145 

siliconized PVC tubing) to each of the horses at 9 am (± 25 mins) for three consecutive days.  146 

 147 
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Horses were placed in stocks for stomach tubing, and afterwards were returned to their yards, 148 

where further blood samples were collected. Horses were catheterised (14G intravenous 149 

jugular catheter; BD Angiocath, Becton Dickinson, Macquarie Park, NSW, Australia) at the 150 

start of the study and baseline blood samples collected. Following delivery of the suspension 151 

containing bicarbonate, blood samples were taken at 2, 4, 6, 8, 10 and 23 hours (8 am the 152 

following morning); 10 mL of blood was collected into lithium heparin tubes. On day 4, 153 

further blood samples were collected (23, 26, 28, 30 and 32 h after the final bicarbonate 154 

dose), with a final sample taken at 47 hours (8 am on Day 5). The timeline of dosing and 155 

sample collection is shown in Figure 1.  156 

 157 

2.4 Health monitoring of the horses 158 

 159 

During and after stomach tubing, the nostrils and tube were assessed for any traces of blood, 160 

and the nostril used was alternated each day. Horses were monitored in their yards every 2 161 

hours for 10 hours following each administration, observing for any signs of discomfort, 162 

abdominal pain (colic) or diarrhea. They also underwent a daily general monitoring check.  163 

 164 

2.5 Sample handling  165 

 166 

After each 10 mL of blood was collected into a lithium heparin tube (BD Vacutainer; Becton 167 

Dickinson, Macquarie Park, NSW, Australia), the sample was promptly chilled at 4 °C. 168 

Samples were then transported chilled in a cool box to the laboratory (Racing Analytical 169 

Services Limited (RASL), Flemington), delivered each day before 12 noon. This ensured that 170 

samples could be analysed that same day. TCO2 was measured in plasma using the standard 171 

analytical method used for all race day blood samples.  172 

 173 

2.6 Sample analysis 174 

 175 

Samples were analysed using a Beckman Coulter Unicel DxC 600 (Beckman Coulter 176 

Australia, Mount Waverley).  Briefly, this instrument employs an ion selective electrode to 177 

measure the rate of pH change caused by the liberation of CO2 when acid is added to plasma.  178 

The rate of change of pH is directly proportional to the total amount of CO2 carbon dioxide in 179 

the sample. 180 

The instrument was calibrated using calibrators at 0 mmol/L and 30 mmol/L supplied by 181 

Beckman Coulter.  A calibration graph covering the range of interest was then constructed by 182 

analysing the ASE Linearity Set (Australian Scientific Enterprises Pty Ltd, Hornsby, 183 

Australia) containing bicarbonate at 27, 30, 33, 36 and 39 mmol/L.  The trueness of the 184 

calibration was then verified using a certified reference material (E22c), containing TCO2 at 185 

35.26 ± 0.2(k = 2) mmol/L, supplied by ASE and independently certified by the National 186 

Measurement Institute. 187 

Blood samples were centrifuged in their vacutainers at 3,500 rpm for 10 minutes. An aliquot 188 

of plasma was removed and transferred to a sample cup for analysis. Samples were analysed 189 

in duplicate, the mean of the duplicates calculated and their TCO2 concentrations then 190 

interpolated from the calibration graph. 191 

Calibration graphs showed linear response over the range 27-30 mmol/L with r
2
 >0.998.  192 

Aliquots of the CRM were analysed between every 10 samples and measured concentrations 193 
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were within the accepted range of ± 0.5 mM throughout.  The uncertainty of measurement at 194 

36.0 mmol/L was less than 1 mmol/L at > 99% confidence.
25

 195 

 196 

 197 

 198 

 199 

3. RESULTS 200 

 201 

All horses tolerated the stomach tubing well and none required additional restraint with a 202 

nose twitch or sedation. All horses received the full dose of bicarbonate on each occasion. 203 

There was trace blood on the stomach tube on one occasion, but otherwise there were no 204 

adverse effects of the bicarbonate administration, and all horses remained bright and healthy 205 

throughout the study and no signs of gastrointestinal problems were observed. Blood samples 206 

were taken at the timepoints described in the methods. This was well tolerated and there were 207 

no missing data points.  208 

 209 

The concentrations of plasma TCO2 are represented graphically in Figures 2 and 3, and data 210 

for the individual horses is provided as supplementary information.  211 

 212 

Following the first bicarbonate administration, plasma TCO2 peaked at 6 hours, at a mean 213 

peak concentration of 34.8 ±1.3 mmol/L (mean ± standard deviation), with only one of the 214 

horses showing a peak greater than 36 mmol/L. These moderately elevated levels were still 215 

increased at 10 hrs post administration, but the TCO2 had returned to baseline by 23 hours.  216 

 217 

Following the second bicarbonate administration, plasma TCO2 peaked at 4 hours, at a mean 218 

peak concentration of 37.0 ±2.1 mmol/L (mean ±SD), with 4 out of the 5 horses showing a 219 

peak greater than 36.0 mmol/L and 2 exceeding the action limit of 37.2 mmol/L. After 4 220 

hours the plasma levels rapidly decreased, below the 36 mmol/L threshold by 6 hours and 221 

continued to steadily decline down to 31.1 ±0.8 mmol/L by 23 hours.  222 

 223 

Following the third bicarbonate administration, plasma TCO2 peaked even earlier, at 2 hours 224 

(mean peak concentration of 35.6 ±0.7 mmol/L (mean ±SD), with 2 out of the 5 horses 225 

showing a peak greater than 36 mmol/L. After 2 hours the plasma levels rapidly decreased, 226 

below the 36 mmol/L threshold by 4 hours and were back down below baseline by 10 hours 227 

(to 30.4 ±1.2 mmol/L).  228 

 229 

On Day 4, the ‘clear day’ with no bicarbonate administration, plasma TCO2 levels remained 230 

low, not exceeding 32.1 mmol/L in any of the horses. One horse exhibited levels varying 231 

between 27.4 and 32.1 mmol/L, however the other horses remained in the range between 27.0 232 

mmol/L (the lower limit of reporting in the analysis by the laboratory) and 30.2 mmol/L, 233 

which was below the starting baseline on Day 1 (30.9 ±0.8 mmol/L).  234 

 235 

On Day 5, the final sample indicated that plasma TCO2 levels were remaining in the normal 236 

baseline range, with a mean value of 28.6 ±1.7 mmol/L (range 27.0 – 31.2 mmol/L).  237 

 238 

  239 
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4. Discussion and conclusions  240 

 241 

These studies demonstrate that serial dosing of a ‘split dose’ of sodium bicarbonate on three 242 

consecutive days does not result in the accumulation or carry-over of plasma TCO2 levels 243 

beyond the levels observed following a single dose. Nor does this dosing regimen result in 244 

sustained values of TCO2 above the permitted threshold of 36.0 mmol/L beyond the day of 245 

the last treatment. After each administration of bicarbonate, the levels of plasma TCO2 had 246 

returned to baseline by 23 hours later and following the third administration the levels were 247 

back at their baseline values within 10 hours. The lack of accumulation is largely to be 248 

expected, since sodium bicarbonate is a salt and its component ions in solution, sodium and 249 

bicarbonate, are electrolytes. Therefore, excess amounts of these ions are cleared rapidly by 250 

the kidneys. In the case of bicarbonate, it is readily filtered through the renal glomerulus and 251 

then reabsorbed from the proximal tubule and collecting ducts, as required to maintain acid-252 

base balance in the body.
 16

 Accumulation would normally only be seen with drug 253 

compounds where clearance is slower relative to dose and dosing interval.   254 

 255 

It was observed in the present study that the peaks in TCO2 did not consistently exceed the 256 

threshold level set by racing authorities of 36 mmol/L, and only two horses exceeded the 257 

action limit of 37.0 mmol/L. However, the dose used in the present study was considerably 258 

lower than that used in some previous experimental studies in horses showing a performance-259 

enhancing effect and was specifically chosen to represent a divided dose split over 3 days. In 260 

one of the original studies in this area in horses,
5
 a single dose of 1g/kg bicarbonate was used, 261 

and this produced peak plasma bicarbonate values (after 5 hours) of 39.6 mmol/L (although it 262 

should be noted that bicarbonate values will be marginally lower than TCO2 because TCO2 263 

also includes dissolved carbon dioxide, carbonic acid and carbon dioxide bound to plasma 264 

proteins) and significantly increased exercise capacity. Calculating the dose of bicarbonate 265 

used in the present study on a g/kg basis, including the bicarbonate present in the Randlab 266 

Supervites® product (21.2 g per 60 g dose) equates to 0.42 ±0.02 g/kg. Doses ranging from 267 

0.1-0.5 g/kg body mass have been investigated in humans to improve athletic performances. 268 

However, when using a single administration 0.3- 0.4 g/kg bicarbonate is generally used, 269 

although an individual approach to dosage and timing is recommended and not all studies 270 

support an ergogenic effect (for a recent review see Lopes-Silva et al 2019)
14

. However, 271 

Greenhaff et al (1990) suggested that in horses a higher dose of 0.6 g/kg may be necessary to 272 

produce an increase in blood bicarbonate similar to that found after 0.3 g/kg in man.
26

 273 

  274 

In the present study, following the first bicarbonate administration the peak in the total 275 

plasma CO2 was not as high as the subsequent administrations, and occurred later (at 6 276 

hours). These observations suggest that the rate of absorption from the intestine was 277 

relatively slower to begin with and became more efficient with each dose.  With each 278 

administration, the peak occurred within a shorter time interval: 6 hours for the first dose, 4 279 

hours for the second dose and only 2 hours after the third dose. Absorption of bicarbonate 280 

ions occurs in the duodenum and jejunum (bicarbonate is secreted into the duodenum in both 281 

pancreatic secretions and bile, in order to neutralise the acidic stomach contents entering the 282 

duodenum). In an active but indirect mechanism, bicarbonate ions are transported out of the 283 

intestinal enterocyte cells towards the bloodstream and hydrogen ions secreted into the gut 284 

lumen, combining with bicarbonate to form CO2, which then diffuses into the blood and is 285 

exhaled by the respiratory system. The net effect is the absorption of bicarbonate ions. The 286 

increased rate of absorption observed with each consecutive dose in the current study may 287 

have been due to increased active ion transport in the intestinal epithelium or upregulation of 288 

the enzyme carbonic anhydrase.  289 
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 290 

The clearance of bicarbonate from the blood also appeared to become progressively more 291 

rapid with each dose. At 10 hours after the first administration, plasma TCO2 was still 292 

elevated around the same levels as the peak concentration (34.8 ±1.3 mmol/L after 6 hours 293 

and 34.7 ±1.5 mmol/L after 10 hours). After the second administration, levels had sharply 294 

declined from the peak concentration by 10 hours but had not yet returned to baseline. 295 

Following the third administration however, there was an even more rapid reduction in 296 

plasma concentrations, decreasing to below the pre-administration levels by 10 hours (to 30.4 297 

±1.2 mmol/L).  This suggests that the mechanisms by which excess bicarbonate is cleared 298 

from the bloodstream (principally into the urine by the kidneys) became more efficient with 299 

each dose. Since the reabsorption of bicarbonate from the renal filtrate is the major 300 

mechanism for controlling how much bicarbonate is returned to the blood, presumably this 301 

mechanism was able to be suppressed to a greater extent with each repeated dose, increasing 302 

bicarbonate excretion in the urine. Alternatively, the exhalation of CO2, which has entered the 303 

blood stream from the intestinal lumen as part of the bicarbonate absorption process, may 304 

have been increased. In comparison, in human athletes, McNaughton and others,
19,20

 reported 305 

an increase in blood sodium, pH, bicarbonate and base excess (measured only once daily) 306 

over baseline for the duration of the trials when gelatin capsules containing sodium 307 

bicarbonate were ingested four times daily for a total daily dose of 0.5 mg/kg for 5-6 days 308 

and an ergogenic effect that lasted several days after bicarbonate ingestion ceased. 
20

 The 309 

authors proposed that the body stores some of the extra bicarbonate after chronic 310 

administration. However, the blood bicarbonate concentration and base excess, although 311 

remaining above baseline level, declined over the 6-day bicarbonate administration period, 
20

 312 

also suggesting enhanced clearance in that study.          313 

 314 

One other study has examined repeat doses of sodium bicarbonate in equids, giving 2 doses 315 

of 0.4 g/kg either 4 days or 7 days apart, to 3 pony geldings.
26

 Blood samples were taken up 316 

to five and a half hours post administration, and no carry-over effect was observed (i.e. there 317 

were no significant differences between the first and second responses with either time 318 

interval). Given the findings of the present study, it is not surprising that no carry-over effect 319 

was observed. A preliminary study mentioned in the paper by Kowalski et al (1991),
27

 giving 320 

two different doses (0.4 and 0.5 g/kg for the first and second doses, respectively), two days 321 

apart, produced rather inconsistent responses for the second dose in the 3 ponies, causing 322 

them to suspect the possibility of a carry-over effect. However, it seems very unlikely that a 323 

carry-over effect could have been responsible for the inconsistent responses.  324 

 325 

On Day 4 of the current study, the ‘clear day’ with no bicarbonate administration, plasma 326 

TCO2 concentrations remained low, not exceeding 32.1 mmol/L in any of the horses. Four 327 

out of the five horses remained in the range between 27.0 mmol/L (the lower limit of 328 

reporting in the analysis by the laboratory) and 30.2 mmol/L, which was below the starting 329 

baseline on Day 1 (30.9 ±0.8 mmol/L). On Day 5, the final sample indicated that plasma 330 

TCO2 concentrations were remaining in the normal baseline range (28.6 ±1.7 mmol/L). This 331 

confirmed that after the TCO2 concentrations rapidly returned to baseline after the third 332 

bicarbonate administration, they remained low and did not fluctuate to any significant extent.  333 

 334 

Unlike human athletes in which beneficial efforts on performance during high intensity 335 

exercise may occur for up to 2 days after chronic sodium bicarbonate administration has 336 

ceased,
14

 the potential ergogenic effect of serial administration of bicarbonate in horses has 337 

not been studied and was beyond the scope of this current study. Driller et al. (2012)
28

 338 

suggested that any ergogenic effect in humans may be due to increased sodium levels rather 339 
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than improved buffering capacity which cannot always be demonstrated after serial dosing, 340 

and that this may result in improved perfusion of muscles.
 29

 We did not find an alkalinising 341 

effect that persisted the day after the third administration in the current study and did not 342 

measure sodium levels. Whether an ergogenic effect may still occur in horses following 343 

chronic administration remains to be determined.    344 

 345 

The variability in TCO2 response to bicarbonate administration between horses is worthy of 346 

mention. The timing of when the peak TCO2 concentrations occurred showed considerable 347 

variability after the first dose (ranging between 2 and 10 hours; Supplementary Figure 1). 348 

However the time of peak concentration became very consistent between all of the horses 349 

following the second and third doses (4 and 2 h respectively in all cases). In terms of peak 350 

response and AUC, the horses gave reasonably consistent responses throughout and there 351 

were no outliers. One horse consistently showed a slightly lower peak and AUC compared 352 

with the others, and another achieved a peak of greater than 36.0 mmol/L on each occasion 353 

(which the others did not quite achieve); but particularly by the third administration the peak 354 

responses were very similar in all horses (mean peak concentration of 35.6 mmol/L with 355 

standard deviation of only 0.7).  356 

 357 

Regarding the time points at which samples were obtained in the present study, the timing of 358 

the peak TCO2 concentrations were adequately captured following the first and second 359 

bicarbonate administrations, but the peak as early as 2 h following the third dose was 360 

unexpected. Therefore future studies of this type would include a 1 h sample at the very least. 361 

Also, due to the relatively flat peak and slow decline in TCO2 after the first administration, 362 

further samples could have been included between 12 and 16 h, although after the third 363 

administration the levels were back down to baseline by 10 h.  364 

 365 

Therefore, the conclusions from the present study are that, following the administrations of 366 

200 g sodium bicarbonate plus 60g of Randlab Supervites® on three consecutive days, there 367 

was no apparent carry-over or accumulation of TCO2 in the blood of horses. Following the 368 

administration of sodium bicarbonate the increase in plasma TCO2 was short-lived and did 369 

not extend beyond 23 hours, even shortening to 10 hours by the final dose (Day 3). There was 370 

no significant increase above normal baseline levels evident during Day 4 or at the start of 371 

Day 5, and furthermore on these days the plasma TCO2 concentration did not approach the 372 

threshold level set by racing authorities of 36.0 mmol/L. 373 

 374 

 375 
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 461 

Figure Legends 462 

 463 

Figure 1. Timeline of sodium bicarbonate administrations and sample collections.  464 

 465 

Figure 2. Plasma Total CO2 in blood samples from 5 horses following serial administration 466 

of 200 g sodium bicarbonate via nasogastric tube.  Each point represents the mean value ± 467 

standard deviation of the mean.  468 

 469 

Figure 3. Plasma Total CO2 in blood samples from 5 horses each day following 3 daily 470 

administrations of 200 g sodium bicarbonate via nasogastric tube.  Each point represents the 471 

mean value ± standard deviation of the mean. The dotted line represents the threshold level of 472 

36.0 mmol/L. 473 

 474 

 475 

Supplementary Table 1. Bicarbonate administration protocol. 476 

Supplementary Figure 1. Plasma Total CO2 in blood samples from each individual horse 477 

following 3 daily administrations of 200 g sodium bicarbonate via nasogastric tube.   478 

 479 

Supplementary Figure 2. Plasma Total CO2 in blood samples from each individual horse 480 

following serial administration of 200 g sodium bicarbonate via nasogastric tube.   481 

 482 
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