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Journal Paper 4.  Dietary protein and fat supplementation moderate

acid-base responses to repeated sprints in horses.

Abstract

A restricted protein diet supplemented with amino acids and fat may reduce the acidogenic

effects of exercise and improve performance.  Twelve Arabian horses were assigned randomly to

2 X 2 factorial experiment: two fat levels 3% (LF) or 13% (HF, 10% added corn oil) and two

crude protein (CP) levels: 7.5% (LP, supplemented with lysine and threonine) or  14.5% (HP) on

a DM basis. Horses were placed on the diets for a four week accommodation period then

performed a standard exercise test (SET-1).  The SET began with a warm-up followed by six one

minute sprints at 7 m/s separated by four minute walks and was concluded with a 30 minute

recovery at a walk.  All horses were interval trained for eleven weeks followed by SET-2.  This

SET was similar to SET-1 except the sprints were at 10 m/s.  After SET-2, horses were observed

during eight weeks o deconditioning.  The entire experiment lasted 26 weeks, including three

weeks of SET’s.  Blood samples (arterial and mixed venous) were taken at rest and during SETs.

Plasma was analyzed for pCO2, pO2, Na+, K+, Cl-, lactate, pH and total protein (TP).

Bicarbonate, strong ion difference (SID) and total weak acids (Atot) were calculated. Data were

summarized as least squares means and standard errors.  Analysis of variance with repeated

measures was used to evaluate the effects of fat, protein, time and interactions.

Venous pH was higher in the LP group during SET-1 (P = .0056) as was [HCO3
-] (P =

.076) especially during the sprints (P = .057).  During SET 2, venous pH and [HCO3
-] were

higher for the LPHF group resulting in a fat x protein interaction (P = .022 and P = .043,

respectively).  During SET-1, venous SID was affected by a time x protein interaction (P = .022)

tending to become higher during the sprints in the LP group.  Higher [Na+] for the LPHF group

(P = .068) caused the higher SID.  Venous pCO2 and Atot were not affected by protein,

therefore, moderation of changes in pH and [HCO3
-] due to protein level are mediated by changes
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in SID.  During SET 2, venous SID was also affected by a time x protein interaction (P = .038)

with SID becoming higher at the end of exercise in the LP groups due to higher [Na+] and [K+] (P

= .007 and P = .026 respectively).  The pCO2 was higher for the LP group during recovery only

so the decreases in pH and [HCO3] during exercise is explained by changes in SID.  These results

show that low protein moderates the acidogenic effect of exercise.  The fact that a higher pH and

[HCO3] level were observed for the LPHF group only suggests a connection between protein

metabolism and fat adaptation.

Introduction

Restriction of dietary protein may be beneficial during strenuous exercise by moderating

production of heat and acid.  A wide dietar cation-anion difference (DCAD) has moderated

decreases in plasma pH and [HCO3
-] and improved running times of exercising horses (Popplewell

et al., 1993).  The normal method of increasing DCAD is to replace NaCl with sodium

bicarbonate but this may exacerbate chloride depletion due to losses in sweat.  An alternative is to

increase DCAD by restricting dietary protein (Kronfeld, 1996).

Fat adaptation has reduced acid-base responses to repeated sprints, mainly by moderating

the increase in pCO2 (Kronfel et al., 1998).  Fat supplementation may spare protein (Steffens,

1996) hence reduce the risk of protein deficiency when dietary protein is restricted and energ

demand increased.  Addition of limiting amino acids may also reduce the risk of protein

deficiency.  This study compares acid-base responses to repeated sprints in horses fed a typica

protein diet or a restricted protein diet supplemented with lysine, threonine and fat.  A companion

paper addresses the protein status in these experiments.

Materials and methods

Horses.  Twelve Arabian horses (6 mares, 6 geldings, age 5 to 11 years) were housed in a

dry lot with free access to water.  Twice daily they were brought into box stalls where they were
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given three hours to consume their feed. General health and feed intake were observed daily, and

body weight, body condition, and coat condition were monitored every two weeks. The protocol

was approved by the Institutional Animal Care and Use Committee.

Diets.  Horses were randomly assigned to four complete feeds (HPHF, LPHF, HPLF,

LPLF) which were formulated to provide 3 Mcal DE/kg dry matter (DM) (Table 1).  Protein was

at two levels: high protein (HP, 14.5% CP) and low protein (LP, 7.5% CP) supplemented with

0.5% crystalline lysine and 0.3% threonine (Heartland Lysine Inc., Chicago, IL) to match the

amino acids in HP.  Fat was also at two levels: either 13% (10% added corn oil, HF) or 3% (no

fat supplementation, LF).  A four week accommodation period began the experiment.

Conditioning.  All horses underwent eleven weeks of conditioning using a high-speed

treadmill (Mustang 2000, Kagra Inc., Fahrwangen, Switzerland).  The protocol consisted o

interval training divided into three phases, phase one lasted three weeks and phases 2 and 3 lasted

4 weeks each (Table 2).  Horses were interval trained twice a week and were walked at 1.5 m/s

for 30 minutes on a mechanical walker on non-exercised days.

Standard Exercise Test.  Prior to conditioning, but following the accommodation period,

all horses performed a standard exercise test (SET).  The SET consisted of six minutes at the

walk (1.5m/s;3 minutes on no slope and 3 minutes on a 6% slope), a five minute warm up at the

trot (3.5 m/s) followed by six, one minute sprints at 7m/s on a 6% slope separated by four minute

walks (1.5m/s), and a 30 minute recovery period at the walk with no slope.  Following the

conditioning period, SET-2 and SET-3 were conducted 7 days apart.  These SET’s were similar

to SET-1 except the sprints were at 10 m/s.

For all SET’s, horses were fasted overnight but had access to water.  All tests were

performed in a climate-controlled barn with temperature set at 24°C and relative humidity

approximating 50%.  Heart rate was recorded using a digital monitor (Polar Pacer, Por

Washington, NY).  A 14-guage, 150 c polyethelene catheter (Intramedic polyethylene tubing,
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Becton Dickinson, Sparks, MD) was placed in the left jugular vein and a 18-guage catheter was

placed in the right carotid artery (Angiocath Deseret Medical inc., Sandy, Utah) approximately 60

minutes before the SET.  The areas over the left jugular vein and right carotid artery were

surgically prepared by shaving and washing with an antispetic solution (7.5% iodine, Operand,

Redi Products Inc., Prichard, WV).  The catheter placed in the carotid artery was held in place b

sutures (Z-O, 60mm, Dermalon, Davis &Geck) and had a 3 mL extension set (Professional

Medical Products, Greenwood, SC) attached to facilitate sampling during the SET.  A sma

incision was made through the skin over the area for placement of the catheter in the jugular vein

after the area was anesthetized with a subcutaneous injection  ( lidocaine hydrochloride injectable

2%, VEDCO, St. Joseph, MO).  A 10-guage needle was inserted into the jugular vein and the

catheter was passed into the pulmonary artery.  Placement of the end of the tubing in the

pulmonary artery was ensured by observing pressure waves on an oscilloscope attached to a

pressure transducer (Propaq 140, Protocol Systems Inc.).  Once the catheter was in place, the

catheter was held in place with sutures (Z-O, 60mm, Dermalon, Davis &Geck).  A 5-mL

extension set (Baxter Healthcare Corp., Deerfield, IL) was attached to facilitate sampling during

exercise.  A thermocouple (Model IT-18, Physitemp Instruments, Clifton, NJ) was inserted to the

catheter tip in the jugular vein.  The catheter was kept patent with heparinized saline (10

units/mL) (heparin: Elkins-Sinn Inc., Cherry Hill, NJ; saline: VEDCO, St. Joseph, MO).

Sampling and Analysis.   During the SETs, 10 mL of arterial and 30 mL of mixed venous

blood were taken at rest, during the last 15 seconds of sprint 1, 2 and 6 as well as at 5, 10, 20 and

30 minutes of recovery.  Blood samples were taken anaerobically into heparinized syringes

(Sherwood Medical, St.Louis, MO) for analysis of pO2, pCO2, pH, [Na+] and [K+] (STAT Profile

2, Nova Biomedical, Waltham, MA).  Bicarbonate was calculated from pH and pCO2. Additional

heparinized blood was centrifuged to yield plasma.  An aliquot of plasma was immediately

deproteinized in ice-cold perchlorate for lactate (La-) assay  (Proc. No. 826-UV, Sigma

Diagnostics, St. Louis, MO).  The remaining plasma was frozen for later analysis of total protein

(TP)  (Proc. No. 541, Sigma Diagnostics, St. Louis, MO), Cl- (Proc. No. 461, Sigma Diagnostics,
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St. Louis, MO) and cortisol (Coat-A-Coun Cortisol, St. Louis, MO).  Total weak acids (Atot)

were estimated from TP in the Acidbasics II program (Watson, 1996).  Strong ion difference

(SID+) was calculated as the algebraic sum of [Na+], [K+], [La-] and [Cl-].

 

Statistics:  Data were summarized as least squares means and standard errors.  Analysis o

variance with repeated measures was used to evaluate the effects of time (exercise and/or

recovery), fat level, protein level and interactions in the SET (SAS, 1991).  Data not affected b

SET between SET 2 and 3 were pooled.  Paired t-tests were conducted to evaluate changes from

SET 1 to SET 2 as well as changes during exercise within diet.  Significance was set a P < .05

and trends set aP < .15.

Results

All horses remained in good health throughout the study.  Body weight averaged 419 ± 15

kg at the start of the study and 459 ± 15 kg at the end.  No signs of protein deficiency (anorexia,

loss of condition, weakness, poor coat) were observed.  Estimated sweat loss during SET 1 was

6.1± 3.1, 5.14± 1.78, 4.98 ±1.78, 5.13± 1.78 kgs in water weight for LFLP, LFHP, HFLP and

HFHP respectively (P = .89).  During SET 2, water weight lose was estimated to be 8.15± 1.37,

5.58± 1.68, 5.83± 1.37, 3.27± 1.68 kgs for LFLP, LFHP, HFLP and HFHP respectively (P =

.22).

Rest:  SET 1: Arterial  [La-] was higher for the LP group (P = .0022) but lower for the

HF group (P = .011).  There were no differences in pO2 , pCO2, SID, Atot, [Na+], [K+], [Cl-], pH

or [HCO3
-] (Table 3).

Venous [La-] was higher at rest in the LP group (P = .0076) and in the LF group (P =

.079).  Venous pH tended to be higher in the LP group (P = .065) compared to the HP group.

No differences were found in pO2, pCO2, SID, Atot, [Na+], [K+], [Cl-] or [HCO3
-] (Table 3).
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SET 2: Arterial [ +] was higher in the LP group (P = .039) as well as pH (P = .093) and

[HCO3
-] (P = .032).  No differences were found in pO2, pCO2 , lactate, SID, Atot, [Na+], [K+] or

[Cl-] (Table 4).

Venous [La-] was higher in the LP group (P = .084) as well as [K+] (P = .025), pH (P =

.085) and [HCO3
-] (P = .024). Venous pCO2 tended to be higher in the LPLF group (P = .099)

than in the HPHF group or the HPLF group (P = .077). Plasma cortisol was lower in the HF

group (P = .0008) as well as in the LP group (P = .0043).  There were no differences for pO2,

SID, Atot, [Na+] or [Cl-] (Table 4).

Exercise.

 SET 1: Arterial pH and pCO2 were decreased during the SET (P = .0001).  Increases

were observed in [La-] and [K+] (P = .0001), pO2 (P = .001), [Na+] (P = .0009) and [Cl-] (P =

.0007).  Time had no effect on arterial [HCO3
-] and SID. In venous plasma, decreases were

observed in pH, [HCO3
-], [Cl-] and pO2 during the SET (P = .0001). Increases were observed in

pCO2, [Na+], [K+] and [La-] (P = .0001). Venous SID was unaffected by time.

SET 2: Arterial [HCO3
-] and pCO2 decreased (P = .0001), along with pH (P = .0086) but

[La-] increased (P = .0001).  Plasma [Cl-] increased (P = .0003) along with [K+] (P = .07), [Na+]

(P = .0048) and pO2 (P = .0007).  Arterial SID was unaffected by time.  In venous plasma,

decreases were observed in pH, [HCO3
-] and pO2 during the SET (P = .0001).  Increases were

observed in pCO2, [La-] and [ +] (P = .0001).  Plasma [Na+] also increased (P = .0002) along

with SID (P = .0038) and plasma cortisol (P = .0004).

Diet.

SET 1: Venous pCO2 was higher for the LF group during recovery (Figure 1) but was not

affected by protein.  Venous pO2 was higher for the LP group especially during recovery  (Figure

2) but was not affected by fat level.  Venous [La-] was higher in the LF group and a time x fat
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interaction existed, with differences evident during the sprints but not during recovery (Figure

3A).  Venous [La-] tended to be higher in the HP group (Figure 3B) and again, a time x protei

interaction occurred with the differences existing during the sprints but not during recovery.

Venous [Na+] was affected b a fat x protein interaction with the LP group being higher in

combination with HF but lower in combination with LF (Figure 4).  Venous [ +] and [Cl-] were

not affected by protein (Figure 5 and 6) nor was there an effect of fat (Figure 5 and 6).  Venous

SID was affected by a time x fat interaction with the HF group becoming higher during the end o

the sprints and early recovery (Figure 7A).  Also, it displayed a time x protein interaction being

higher in the LP group during the sprints (Figure 7B).  Plasma Atot was not affected by fat or

protein level.

Venous pH was higher in the LP group but was not affected by fat level (Figure 8).

Venous [HCO3
-] levels were also higher in the LP group especially during the sprints (Figure 9)

but was not affected by fat level.

Arterial pCO2 was not affected by fat or protein level (Figure 10).  A fat x protein

interaction for pO2 contrasting increasing levels in the LPLF group but decreasing levels for the

LPHF (Figure 11).  Arteria [La-] was not affected by fat or protein level (Figure 12).  Arteria

[Na+] and [Cl-] were also not affected by fat or protein (Figure 13 and 14).  Arterial [+] had a

tendency for a time x fat interaction (P = .11) in which its levels in the HF group  became higher

during the last sprint and recovery (Figure 15A).  Arterial [+] was also higher for the LP group

(Figure 15B).  Arterial SID was affected by a time x protein interaction becoming higher in the LP

group at the end of exercise and early recovery (Figure 16).

Arterial pH tended to be higher in the LP group during recovery but was unaffected by fa

(Figure 17).  Bicarbonate tended to be higher in the LP group during recovery but was no

affected by fat (Figure 18).
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SET 2: Venous pCO2 was higher in the LF group after the first sprint as well as in the LP

group during the sprints (Figure 19A & B).  Venous pO2 tended to a fat x protein interaction

during the sprints, with higher levels in the HPHF group than in the HPLF group.  Another fat x

protein interaction was observed during recovery with higher levels observed in the LPLF group

(Figure 20).  Venous [La-] was higher in the LF group especially during the sprints but was not

affected by protein (Figure 21).  Venous [Na+] was higher in the LP but  was not affected by fa

(Figure 22).  Venous [K+] was also higher for the LP group especially during the sprints bu

again, was not affected by fat (Figure 23).  Venous [Cl-] was higher during the sprints in the HF

group.  A time x protein interaction resulted with [Cl-] being higher in the LP group during the

sprints but not during recovery (Figure 24).  Venous SID had a time x protein interaction with

higher SID in the LP group during the later stages of the sprints (Figure 25).  Plasma cortisol

levels were lower in the HF group and in the LP group during the sprints (Figure 26).  Plasma

Atot was not affected by fat or protein.

Venous pH was affected by a fat x protein interaction being higher in the LPHF group and

lower in the LPLF group (Figure 27).  Venous [HCO3
-] tended to be higher in the HF group

during recovery and in the LP group during the sprints (Figure 28).  It had a fat x protein

interaction during recovery, remaining elevated in the LPHF group (Figure 29).

Arterial pCO2 was higher in the HF group with a time x fat interaction as the difference

between the HF and LF groups became greater during recovery (Figure 30).  Arterial pO2 levels

were higher in the LF group more so during recovery but was not affected by protein (Figure 31).

Arterial [La-] was higher in the LF group during the sprints but was unaffected by protein (Figure

32).  Arterial [Na+] was higher in the HF group during recovery and in the LP group during the

sprints (Figure 33A & B).  Arterial [K+] tended to be higher in the LP group but was unaffected

by fat (Figure 34).  Arterial [Cl-] was higher in the HF group during the sprints but was unaffected

by protein(Figure 35).  Arterial SID was not affected by fat or protein (Figure 36).
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Arterial pH was not affected by fat or protein (Figure 37).  Arterial [HCO3
-] was

unaffected by protein but was higher in the HF group (Figure 38).

Discussion

These results show that restricted dietary protein can moderate the acidogenic effect o

exercise as evident in a higher venous pH, higher venous HCO3
- and higher SID during exercise.

These results were evident during both SET-1 as a main effect of the LP diet but more

pronounced in the LP group in combination with the HF group in SET-2.  The latter result

suggests a relationship between protein, fat and fat adaptation, the combination of a high fat diet

and conditioning (Kronfeld and Downey, 1981). The acidosis seen with a lower pH did not follow

the changes in pCO2 because pCO2 was not different between diets during SET 1.  Therefore, the

difference in pH is not totally explained by pCO2.  Venous pCO2 was higher in the LF group after

the first sprint and in the LP group during the sprints in SET 2.  This evidence would explain the

changes in pH in the LPLF group but not in the LPHF group therefore suggesting another

independent variable as a contributing factor as described by Stewart (1981).

Higher venous pH in the LP group during SET 1 is explained by the contributions of the

three independent variables.  Venous pCO2 as well as Atot were not affected by protein level,

therefore, the higher SID in the LP group contributes to the higher pH.  During SET 2, LPHF had

a higher pH than LPLF had, despite the fact that pCO2 was higher in the LP group. Also, Atot

was not affected by protein level therefore, changes in SID determined the difference in pH.

The low protein diets were less acidogenic at rest.  Venous pH was higher in the LP group

at rest in SET 1 and SET 2.  Venous [HCO3
-] was also higher during SET 2.  Venous pCO2 was

higher in the LP group at rest, therefore, the changes in pH and [HCO3
-] were influenced by SID

or changes in cations in the body as seen with a higher venous [K+] at rest in the LP group.

Plasma cortisol was also lower in the LP group during SET 2 and in the HF group which implies
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less stress and/or gluconeogenesis in the LPHF group, which has been shown to have a glucose

sparing effect (Griewe et al., 1989).

Exercise lowered arterial pCO2 during SET 1 and SET 2 suggesting that exercise

stimulated hyperventilation.  Arterial pCO2 was higher in the HF group during SET 2 suggesting

that respiration may not have increased as much as in the LF group and that recovery may have

been faster in this group.  There was an increase in arterial pO2 during SET 1 (more so for LFLP

than HFLP).  During SET 2, arterial pO2 was maintained during exercise and became higher in the

LF group during recovery, which again, may suggest a slower return to resting respiration rates.

Venous pCO2 was lower in the HF group during recovery which may suggest less CO2 production

in the muscle during SET 1 but not with SET 2.  Higher levels of venous pO2 were seen in the LP

group during SET 1 and in the LPLF during SET 2, which may be a result of higher respirator

rates.

Venous lactate was higher in the LF group especially during the sprints in both SET 1 and

2.  This is consistent with evidence of increased glycogen use resulting in more lactate production.

Fat has been shown to spare muscle glycogen (Harkins et al., 1992) and may have done so in this

experiment.  Lower seru cortisol levels in the HF group may also provide evidence of less

reliance on glucose as fuel and more reliance on fat metabolism with a lower need for

gluconeogenisis.  Venous lactate also had a tendency to be higher in the HP group during the

sprints during SET 1 however, this was not observed in SET 2.  The higher lactate with the HP

group is in contrast to other studies that have found lower lactate with HP diets (Pagan et al.,

1987; Miller-Graber et al., 1991) however, these studies did not report the amino acid profiles o

the diets.  The level of dietary protein in those studies was also much higher than the level used in

this study.

During SET-1, venous SID became higher in the LP group as a result of lower [La-] and

higher [Na+].  During SET-2, venous SID became higher in the LP group due to higher [Na+] and
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[K+].  Arterial SID during SET 1 was higher in the LP group at the end of exercise as a result o

higher [ +].  Arterial SID was unchanged during SET 2 as a result of offsetting changes in [La-],

[Cl-], [Na+] and [K+].  Strong ion difference is a good measure of metabolism and suggests that

the LP diet resulted in a more cationic state in the body

Venous pH and [HCO3
-] during SET 1 were higher in the LP group.  Since pCO2 was

unchanged, the tendency for higher SID in the LP group influenced the acid-base status.  During

SET 2, a higher venous pH and [HCO3
-] were also observed in the LP group however, only in the

presence of the HF diet.  This suggests an influence of fat adaptation.  Fat adaptation would no

have been complete by the time of the first SET (4 weeks) and may take up to twelve weeks to

occur (Kronfeld et al., 1998).  Also, no training had occurred which is required for fat adaptation

to occur.  The changes seen between SET 1 and SET 2 may be explained by fat adaptation and

conditioning.

Arterial pH and [HCO3
-] were higher in the LP group than in the HP group during SET 1.

Arterial pCO2 and Atot were not affected by protein level.  Therefore a tendency for a higher SID

was the main factor contributing to the moderation of exercise-induced acidosis by the LP diet.

During SET 2, arterial pH was not affected by diet, whereas [HCO3
-] was higher in the HF

group.  Arterial pCO2 was also higher during the SET in the HF group explaining the changes

seen in [HCO3
-] since SID and Atot were unchanged.  The lack of difference with arterial pH

(when it should have been higher for the HF group with a higher pCO2) suggests an influence o

SID despite a lack of significant difference in SID.

It is clear that protein affected the acidogenic effect of the diet during SET 1.  There were

no main effects of fat with the exception of lactate.  Also, since the effect of the LP diet during

SET 2 was only apparent in combination with the HF diet, it appears that there is a connection

between protein and fat adaptation.  The lack of effect of the LP diet versus the HP diet with the
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LF diet supports this conclusion.  The amino acids that are oxidized during exercise ( leu, iso, val)

do not contain sulfur or phosphorus and therefore protein is not expected to have a direct effect

on exercise acidosis or acid-base balance.  The effect of protein is expected to be indirect through

a chronic anti-acidogenic effect of prolonged feeding of low protein.  Oxidation of sulfur

containing amino acids (SAA) increases the net acid load in the body by 2 moles for every mole of

SAA oxidized.  Endogenous acid is also increased by dibasic and phosphorylated amino acids

(Patience, 1990).  Venous SID was approximately 14% higher in the LP group compared to the

HP group, which was offset by a large variation.  Restricting dietary protein may be an alternative

to replacing NaCl with sodium bicarbonate for reducing exercise acidosis especially on a high fa

diet.  This would be beneficial for horses working hard in the heat since HP is thermogenic and

will affect water balance with increased urination and possibly higher sweat loss.

In conclusion, the LP diet moderated the acidogenic effects of exercise prior to

conditioning as well as after conditioning but only in combination with fat supplementation. 
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Table 1.  Ingredient and chemical composition of experimental diets, as-fed basis*

Item, % LP HP LP HP
Orchardgrass ha 35 35 40 40
Oat Straw 5 0 20 18
Oats 7.5 7.5 4 0
Corn oil 0 0 10 10
Molasses 10 10 5 5
Soybean mea 0 15 3 24.5
Corn grain 40 .30 15 .0
Dicalciu .75 .75 1.25 .85
Limestone .75 .75 .25 .55
Sal .5 .5 .25 .25
Vitamin/Mineral .5 .5 .5 .5
Lysine .5 0 .5 0
Threonine .3 0 .3 0

Analysis
Moisture (%) 10.2 10.4 8.5 9.1
DE (Mcal/kg) 2.87 2.92 2.97 3.00
Ether Extract (%) 2.3 2.5 13.3 10.7
Crude protein 9.9 14 8.3 13.6
L-Lysine (%)** .54 .50 .54 .59
L-Threonine .43 .47 .51 .50
DCAD(mEq/kg)1 345. 424. 370. 387.

* Standard analytical procedures were followed by the Virginia Tech Forage Laboratory;

N=6

** Heartland Lysine Inc., Chicago, IL

1- DCAD = (Na+ + K+ + Ca+2 + Mg+2) – (Cl- + S-2 + P-2)
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Table 2.  Protocol for interval training over 11 weeks.  Each horse exercised twice weekly and

each phase is additive to the one before.  Phase one was week 0-3, phase two week 4-7 and phase

three weeks 8-11.

Training (week) Exercise (minutes) Gait Speed (m/s) Slope (%)

0-3 0-2.5 Walk 1.5 0

0-3 2.5-5 Walk 1.5 6

0-3 5-9 Trot 3.5 6

0-3 9-12 Canter 7.0 6

0-3 12-15 Trot 3.5 6

4-7 15-18 Canter 8.0 6

4-7 18-21 Trot 3.5 6

8-11 21-24 Canter 9.0 6

8-11 24-27 Trot 3.5 6

0-11 Additional 2 minutes Walk 1.5 0
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Table 3. Resting values of variables in arterial and venous plasma of horses fed four diets for four

weeks without training (prior to SET-1).

LFLP LFHP HFLP HFHP S.E. P

Venous

pH 7.45ac 7.42b 7.45c 7.43abc .01 .072

HCO3
- (mmol/L) 33.5 30.1 30.8 30.1 2.0 NS

pCO2 (mmHg) 47.2 46.6 44.4 44.9 3.2 NS

pO2 (mmHg) 35.0 33.9 35.9 33.1 3.2 NS

La- (mEq/L) .86a .29b .50a .20b .11 .016

Na+ (mEq/L) 138.2 139.0 137.6 136.7 1.1 NS

K+ (mEq/L) 3.51 3.50 3.55 3.33 .2 NS

Cl- (mEq/L) 108.9 109.1 100.5 109.9 6.0 NS

SID+ (mEq/L) 31.9 35.1 40.1 29.9 5.2 NS

Atot 15.5 15.9 15.5 14.8 1.4 NS

Arterial

pH 7.47 7.45 7.46 7.45 .01 NS

HCO3
- (mmol/L) 30.4 31.5 30.0 26.9 2.0 NS

pCO2 (mmHg) 41.9 46.6 40.4 38.2 3.0 NS

pO2 (mmHg) 97.6 100.1 96.4 94.0 2.2 NS

La- (mEq/L) .94a .31bc .45b .19c .07 .013

Na+ (mEq/L) 137.7 138.8 136.2 137.6 .9 NS

K+ (mEq/L) 3.55 3.38 3.66 3.42 .15 NS

Cl- (mEq/L) 107.9 106.7 108.4 110.4 5.8 NS

SID+ (mEq/L) 32.4 35.2 30.9 30.5 5.5 NS

* Different superscripts indicate significant difference between means
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Table 4. Resting values of variables in arterial and venous plasma of horses fed four diets after

eleven weeks conditioning (prior to SET-2).

LFLP LFHP HFLP HFHP S.E. P

Venous

pH 7.44ab 7.43ab 7.45b 7.41a .01 .034

HCO3
- (mmol/L) 33.68a 25.64b 30.39ab 26.99ab 2.4 .023

pCO2 (mmHg) 48.89a 42.21ab 42.97ab 41.73b 2.7 .077

pO2 (mmHg) 32.2 40.2 35.4 36.0 2.8 NS

La- (mEq/L) .40 .30 .45 .26 .08 NS

Na+ (mEq/L) 139.9 139.7 139.0 138.7 1.1 NS

K+ (mEq/L) 3.52ab 3.33ab 3.61b 3.32a .09 .050

Cl- (mEq/L) 103.9 102.9 105.0 101.7 2.7 NS

SID+ (mEq/L) 40.3 39.7 38.9 40.3 2.4 NS

Atot 16.5 17.0 18.4 17.2 1.4 NS

Arterial

pH 7.46a 7.45ab 7.45ab 7.43b .01 .05

HCO3
- (mmol/L) 29.86a 25.34b 29.01ab 25.88ab 1.6 .07

pCO2 (mmHg) 41.8 36.3 41.0 38.5 2.4 NS

pO2 (mmHg) 93.2 93.3 94.5 88.6 2.9 NS

La- (mEq/L) .34 .36 .40 .25 .07 NS

Na+ (mEq/L) 138.6a 139.9a 142.0b 138.8a 1.2 .09

K+ (mEq/L) 3.63ab 3.55ab 3.79b 3.45a .10 .02

Cl- (mEq/L) 100.8 99.9 100.4 102.0 1.7 NS

SID+ (mEq/L) 41.9 43.3 45.2 39.9 2.3 NS

* Different superscripts indicate significant difference between means
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Figure 1.  Venous plasma pCO2 during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min,

R2 10 min., R3 20 min. and R4 30 min.).  It was higher during exercise (P = .0001) than at rest

peaking at S1.  It tended to be higher (P = .052) in the LF group during recovery but was

unaffected by protein (P = .72).  Time points marked with an asterisk are different from resting

values (P < .05).
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Figure 2.  Venous plasma pO2 during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min, R2

10 min., R3 20 min. and R4 30 min.).  It was decreased during exercise (P = .0001).  It was

higher in the LP group during recovery (P = .019) but was unaffected by fat (P = .39).  Time

points marked with an asterisk are different from resting values (P < .05).
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Figure 3.  Venous lactate during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min, R2 10

min., R3 20 min. and R4 30 min.). Lactate increased with exercise (P = .0001).  During the

sprints it was higher for the LF group (P = .023) and tended to be higher in the HP group (P =

.11).  Time points marked with an asterisk are different from resting values (P < .05).
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Figure 4.  Venous plasm Na+ increased from rest (R), during sprints (S1, S2 & S6) and recovery

(R1 5 min, R2 10 min., R3 20 min. and R4 30 min.).  It was increased by exercise (P = .0001).  I

tended to be higher in the LPHF group compared to the other groups (P = .068).

All values during the sprints were different from their respective resting value and values during

recovery were different from resting values for the HFLP group (P < .05).
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Figure 5.  Venous plasma K+ during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min, R2

10 min., R3 20 min. and R4 30 min.   It was increased during exercise (P = .0001) but was not

affected by protein (P = .54) or fat (P = .85).  Time points marked with an asterisk are differen

from rest (P < .05).
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Figure 6.  Venous plasma Cl- during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min, R2

10 min., R3 20 min. and R4 30 min.   It was not affected by protein (P = .55) or fat (P = .79).
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Figure 7.  Venous plasma SID during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min, R2

10 min., R3 20 min. and R4 30 min).   A time x fat (P = .034) and a time x protein (P = .022)

interaction existed with the HF group becoming higher and the LP group having greater

difference during the sprints compared to recovery.
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Figure 8.  Venous plasma pH during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min, R2

10 min., R3 20 min. and R4 30 min).  It was decreased during exercise (P = .0001).  It was higher

in the LP group (P = .0056) but was not affected by fat (P = .51).  Time points marked with an

asterisk are different from resting values (P < .05).
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Figure 9.  Venous plasma HCO3
- during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min,

R2 10 min., R3 20 min. and R4 30 min.).  It was increased by exercise in the LP group (P =

.0001).  It was higher in the LP group (P = .076) especially during the sprints (P = .057) but was

not affected by fat (P = .51).  Time points marked with an asterisk are different from resting

values (P < .05).
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Figure 10.  Arterial plasma pCO2 during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min,

R2 10 min., R3 20 min. and R4 30 min.).  It decreased during exercise (P = .0001) but was not

affect by fat (P = .66) or protein (P = .59).  Time points marked with an asterisk are differen

from rest (P < .05).
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Figure 11.  Arterial plasma pO2 during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min, R2

10 min., R3 20 min. and R4 30 min.).  It was increased during exercise (P = .001).  It was higher

in the LPLF (P = .0045) but lower in the LPHF group.  Time points marked with an asterisk are

different from resting values (P < .05).
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Figure 12.  Arterial lactate during rest (R), sprints (S1, S2 & S6) and recovery (R1 5 min, R2 10 min., R3 20 min.

and R4 30 min.). Lactate increased during exercise (P = .0001) but was unaffected by fat (P = .27) or protein (P =

.64).  Time points marked with an asterisk are different from rest (P < .05).


