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The performance of fifty (50) apparently healthy jumping horses was evaluated by the haemat-
biochemical and acid-base alterations. Twenty-five (25) horses were exhibited poor performance at rest 
as they showed significant increase in partial carbon dioxide pressure (pCO2), lactate dehydrogenase 
(LDH), Creatine kinase (CK), cortisol and lactate levels and significant decrease in pH, bicarbonate,  
Base exess (BE), sodium (Na) and albumin levels. While after exercise, they verified significant increase 
in platelets, blood urea nitrogen (BUN), LDH, albumin, calcium (Ca), lactate and cortisol levels and 
significant decrease in pH, BE and bicarbonates levels. The poor performance in the 25 horses was 
dramatically improved by aqua-acupuncture using vitamin B12 (2ml) injection in the selected acupoints 
(ST 30, ST 36, SP 13, GB 27, BAI HUI) for 6 sessions, 3 days interval in-between and each session 
lasts for 30 minutes. Aqua-acupuncture achieved competition progress resulted from the significant 
decrease in CK, lactate and cortisol at rest and significant decreases in LDH, aspartate 
aminotransferase (AST), lactate and cortisol after exercise. The study concluded that in poor performing 
horses metabolic acidosis is expected during competitions that predicted by elevation of both lactate and 
cortisol levels as a result of exercise stress. Despite, B12 aqua-acupuncture realizes successful 
improvement of poor performance in Egyptian jumping horses. 
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INTRODUCTION 

The main equestrian sport is Show jumping, 
a sport with energetic requirement and full 
potential horses Clayton (1991). Structural, 
functional and behavioral changes are required for 
competitions (Ferraz et al., 2010). Haemato-
chemical and electrolytes (Na+, K+ and Cl-) play a 
role to determine the performance of athletic 
horses (Warwick, 2004; Lindinger and 
Heingenhauser, 2008) for maintaining osmotic 
pressure, fluid balance as well as nerve and 
muscle activity (Frape, 2010). Athletic poor 
performance was regarded to be multifactorial 
(Franklin and Allen, 2008). The acid-base status is 

indicative of systemic, metabolic and functional 
health and is crucial for systemic homeostasis 
(Francesco et al., 2012). Blood gases analyses 
are useful in systemic diseases where acidosis or 
alkalosis is suspected prior to therapeutic 
correction (Rossadle and parteners, 2006).  

Acupuncture increases local blood supply, 
cerebral blood flow, tissue oxygenation, metabolic 
changes and ATP production (Franca et al., 
2008). Aqua-acupuncture can improve equine 
athletic Gallbladder 27 (GB27), Spleen 13 (SP13) 
and Bai Hui are stimulated (Angeli et al. 2008). 
The study aimed to use the hemato-biochemical 
and the acid-base for evaluation of vitamin B12 
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aqua-acupuncture to improve the athletic 
performance of jumping horses in Egypt. 
 
MATERIALS AND METHODS 

Animals 
Fifty jumping gelding horses, aged from 8 to 

17 years were enrolled in the study. They were 
gathered from the Egyptian Riding School and the 
Rabab Equestrian Center in Pyramids area, Giza, 
Cairo, Egypt. All horses were kept in an individual 
stall under a natural photoperiod and natural 
indoor temperature. Out of them 25  good 
performing horses were being fed on a standard 
ration for sport horses (HAVENS®, Netherlands or 
CAVALOR®, Belgium) and the other poor 
performing horses were being fed on Takamol® 
horse feed 9% protein, Egypt. The inclusion 
criterion for differentiation between good and poor 
performing horses were depended on physical 
status, history of musculoskeletal disorder, body 
condition score, nutritional status and show 
jumping  competition levels in accordance to FEI 
(Federation Equestre Internationale).  

Study design 
All horses were exposed to a comprehensive 

history, clinical examination and physical 
examination. Blood samples were taken at rest 
and after exercise from the jugular vein into 
vacutainer tubes contained EDTA for 
determination of hematologic parameters and 
other samples collected in plain vacutainers, left 
to coagulate at room temperature for collection of 
clear non hemolyzed serum which kept at -20 ºC. 
Gamma-glutamyltransferase (GGT), CK, LDH, 
AST, total protein (TP), albumin, globulin, BUN, 
creatinine, Na, K, Ca, Mg, Cl, latate and cortisol 
were estimated using specific test kits (Spectrum: 
Egyptian company for biotechnology S.A.E).  

The Blood Gas Analyzer (Radio Meter ABL 
505, Heart Institute, Imbaba, Egypt) was used for 
determination of blood gases via heparinized 
blood samples which withdrawn and transported 
to the laboratory within (1 - 2) hours in ice water 
bath.  

The twenty-five poor performing horses were 
injected 2 ml Depovit® B12–1000 (Amriya PHarm. 
Ind. Egypt) via 18-G sterile needle in ST 30, ST 
36, SP 13, GB 27, Bai Hui acupoints. The 
technique involved 6 sessions, 3 days interval in-
between and each session lasts for 30 minutes 
following the technique of (Angeli et al. 2008). 
Blood samples were withdrawn from each horse 
at the day zero (one day before injection) and at 

the day 22 (the second day after the last session) 
for hematology, blood gases and serum 
biochemical analyses.   

Statistical methodology 
The obtained data were analyzed using 

ANOVA test by SPSS, statistical program version 
16.0 and tabulated as mean value ± SE at levels 
of significance p ≤ 0.001, p ≤ 0.01 and p ≤ 0.05. 

 
RESULTS 

The good performing 25 horses of Rabab 
Equestrian Center that fed on good quality horse 
feed, showed good body condition score (BCS) 
(6.33 ± 0.67) with heart rate at rest (35 ± 0.90) 
and after exercise (51± 9.71). The other poor 
performing 25 horses of Egyptian riding school 
that fed on poor quality horse feed, showed poor 
BCS (5.57 ± 0.20) with heart rate at rest (47.4 ± 
2.58 ) and after exercise (60.67 ± 15.07). The 
hematologic alterations Table (1), showed no 
significant differences at rest and after exercise 
between the good and the poor performing horses 
except the blood platelets were significantly higher 
in poor performing horses after exercise (p<0.05). 

On contrary as shown in Table (2), poor 
performing horses at rest showed significant 
decrease in PH (p<0.01) and bicarbonates (HCO3

-

) (p<0.05) as well as significant increase of pCO2 

(p<0.05). After exercise, poor performing horses 
showed significant decrease in pH (p<0.01), 
HCO3

- (p<0.01) and BE (p<0.05). CK and LDH 
were significantly increased (p<0.01) in poor 
performing horses at rest. The protein profile 
testing showed insignificant increase of total 
protein with significant increase of albumin at rest 
(p<0.05) and after exercise (p<0.05) in poor 
performing horses along with significant increase 
of BUN (p<0.05) after exercise Table (3). After B12 
aqua-acupuncture therapy, no significant changes 
were recorded in GGT, total protein, albumin, 
globulins and electrolytes. The CK was 
significantly decreased at rest (P ≤ 0.01), but LDH 
and AST were significantly decreased after 
exercise (P ≤ 0.01). Blood lactate level was 
significantly decreased at rest (P ≤0.01) and after 
exercise (P ≤ 0.001). The serum cortisol level was 
significantly decreased during rest (P ≤ 0.05) and 
after exercise (P ≤ 0.05) Table (5, 6). 
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Table (1). Hematological constituents in horses of the study. 

Parameters 
Rest After exercise 

Good (n=25 ) Poor (n=25 ) Good (n=25 ) Poor (n=25 ) 

RBCs ( ×106 /mm3 ) 6.99 ± 0.19 7.29 ± 0.29 8.16 ± 0.27 7.95 ± 0.36 

Hb (gm %) 11.80 ± 0.31 12.10 ± 0.33 13.43 ± 0.41 13.57 ± 0.49 

Platelets 215.07 ± 45.81 152.09 ± 36.49 137.67± 35.71 264.09 ± 49.87c 

PCV % 32.34 ± 0.98 33.09 ± 1.03 36.89 ±1.10 37.17 ±1.79 

WBCs (103/mm3) 8.08 ± 0.51 7.82 ± 0.34 8.08 ± 0.510 7.82 ± 0.34 

Basophiles % 0 0 0 0 

Eosinophils % 1.64 ± 0.38 1.45 ± 0.34 1.42 ± 0.26 1.27± 0.14 

Neutrophils % 68.57 ± 4.58 63.09 ± 4.45 48.08 ± 4.79 44.09 ± 3.85 

Lymphocytes % 19.71 ± 2.66 25 ± 3.46 37.50 ± 3.77 39.73 ± 3.68 

Monocytes % 10 ± 2.43 10.55 ±1.37 13 ±1.26 14.91 ±1.82 

MCV (fl) 46.52 ± 0.80 45.78 ± 0.80 45.59 ± 0.74 46.59 ± 0.67 

MCH (pg) 16.98 ± 0.24 16.72 ± 0.31 16.57 ± 0.26 17.19 ± 0.29 

MCHC (g %) 36.41± 0.29 36.64 ± 0.30 36.35 ± 0.20 36.82 ± 0.93 
a: p<0.001    b: p<0.01    c: p<0.05 

 

Table (2). Blood gases and acid-base balance horses of the study. 

Parameters 
Rest After exercise 

Good (n=25 ) Poor (n=25 ) Good (n=25 ) Poor (n=25 ) 

pH 7.41 ± 0.004 7.37± 0.01b 7.42 ± 0.01 7.38 ± 0.01b 

pCO2 (mmHg) 46.03 ± 0.85 48.95 ± 0.78c 44.67±1.61 46.15 ± 0.90 

pO2 (mmHg) 38.56 ±1.42 35.96 ±1.001 39.08 ±1.57 38.2 ± 1.25 

HCO3
-(mmol/l) 29.19 ± 0.59 26.76 ± 1.10c 27.83 ± 0.92 25.07± 0.48b 

BE 4.73 ± 0.56 2.77±1.25 4 ± 0.91 1.74 ± 0.66c 

SO2 % 73.45 ± 1.92 68.96 ± 2.14 78.79 ± 2.17 74.01±1.89 
a: p<0.001    b: p<0.01 c: p<0.05 

 
Table (3). Biochemical constituents in horses of the study. 

Parameters 
Rest After exercise 

Good (n=25 ) Poor (n=25 ) Good (n=25 ) Poor (n=25 ) 

GGT (U/L) 11.07±1.64 11.09 ±1.88 10.38 ± 0.94 10.32 ± 1.64 

CK  (U/L) 78.43 ± 6.07 106.36 ±12.68c 92.92 ± 5.12 155 ± 40.84 

LDH (U/L) 202.71± 7.13 262.64 ± 23.31b 205.58 ± 23.64 297.73 ± 33.9c 

AST (U/L) 263.21±15.19 258.27±11.89 224.75±7.63 298.64 ± 46.15 

TP (g/l) 6.73 ± 0.09 6.60 ± 0.15 6.05 ± 0.26 6.56 ± 0.17 

Albumin (g/l) 3.57±0.12 3.17± 0.12c 3.24 ± 0.19 4.01± 0.34c 

Globulin (g/l) 3.01± 0.25 3.43 ± 0.20 2.85 ± 0.17 2.55 ± 0.26 

BUN mg/dl 13.26 ±1.06 16.40 ±1.32 15.12 ± 1.15 19 ±1.48c 

Creatinine mg/dl 1.40 ± 0.08 1.41± 0.09 1.54 ± 0.07 1.70 ± 0.10 

Na mmol/L 131.93 ± 1.05 124.91±3.07c 124 ± 1.61 120.82 ± 1.40 

K mmol/L 3.89 ± 0.16 4.05 ± 0.12 4.27 ± 0.13 4.40 ± 0.26 

Mg mg/dl 1.76 ± 0.04 1.95 ± 0.10 1.73 ± 0.08 1.91± 0.10 

Ca mg/dl 10.05± 0.22 10.74± 0.37 9.48 ± 0.14 10.44± 0.38c 

Lactate 
mmol/L 

1.80 ± 0.08 2.33 ± 0.09a 2.22 ± 0.10 2.87± 0.15b 

Cortisol µg/dl 1.88 ± 0.19 2.85 ± 0.25b 3.86 ± 0.25 5.05 ± 0.31b 

a: p<0.001 b: p<0.01 c: p<0.05 
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Table (4). Hematological findings before and after acupuncture therapy. 

Parameters 
Rest After exercise 

before after before after 

RBCs ( ×106 /mm3 ) 7.44 ± 0.38 7.19 ± 0.35 8.25 ± 0.40 7.82 ± 0.24 

Hb (gm %) 12.10 ± 0.58 12.06 ± 0.51 13.74± 0.76 13.18 ± 0.36 

Platelets 122 ± 33.83 238 ± 105.76 210 ± 75.27 168.60 ± 87.72 

PCV % 34.22 ±1.79 34.07± 2.16 39.35 ±1.93 36.40 ± 0.60 

WBCs(103/mm3) 9.49 ± 0.87 8.06 ± 0.53 10.7 ±1.30 8.37± 6.43 

Basophiles % 0 0.2 ± 0.20 0 0 

Eosinophils % 2 ± 0.83 2 ± 0.31 1.60 ± 0.40 1.40 ± 0.24 

Neutrophils % 1 2 3 4 

Lymphocytes % 21.80 ± 4.39 30.60 ± 4.16 36.20 ± 5.17 35 ± 6.84 

Monocytes % 15.20 ± 5.56 11.60± 2.27 10.20 ± 1.06 12.60 ± 2.92 

MCV (fl) 46.12 ±1.18 46 ±1.70 46.72 ±1.24 46.72 ± 0.80 

MCH (pg) 16.54 ± 0.35 16.98 ± 0.48 16.56 ± 0.34 17.04 ± 0.29 

MCHC (g %) 36.22 ± 0.48 36.10 ± 1.04 35.48 ± 0.26 36.52 ± 0.20 
a: p<0.001 b: p<0.01 c: p<0.05 

 
Table (5). Blood gases and electrolytes before and after acupuncture therapy. 

Parameters 
Rest After exercise 

before after before after 

pH 7.38 ± 0.01 7.39 ± 0.01 7.39 ± 0.01 7.42 ± 0.01 

pCO2 (mmHg) 46.78 ± 2.21 47.92 ±1.29 50.32 ± 3.44 43.34 ± 1.47 

pO2 (mmHg) 37.96 ±1.91 39.60 ± 1.96 35.90 ± 2.87 41.70 ± 2.89 

HCO3
-(mmol/l) 26.68 ± 0.98 28.98 ± 0.51 28.78 ± 2.11 27.34 ± 0.83 

BE 2.54 ± 1.36 4.38 ± 0.85 5.22 ± 2.27 3.44± 0.90 

SO2 % 71.56 ± 4.40 73.80 ± 2.65 80.48 ± 3.64 76.48 ± 2.66 

a: p<0.001 b: p<0.01 c: p<0.05 
 

Table (6). Biochemical constituents before and after acupuncture therapy. 

Parameters 
Rest Directly after exercise 

before after before after 

GGT (U/L 10.5 ± 0.31 10.66 ± 0.88 10.82 ± 2.25 7.92 ± 0.86 

CK  (U/L) 100.40 ± 6.77 73.20 ± 5.27b 114.20 ± 9.26 89 ± 8.46 

LDH (U/L) 221.80 ±13.24 190.40 ±12.83 291.60 ±16.26 210.20 ± 9.96b 

AST (U/L) 260.40 ±16.87 265.80 ±17.18 303 ±16.53 229.80 ± 16.38b 

TP (g/l) 6.40 ± 0.11 6.86 ± 0.21 6.64 ± 0.19 6.52 ± 0.46 

Albumin (g/l) 3.48 ± 0.22 3.22 ± 0.20 3.28 ± 0.45 3.86 ± 0.43 

Globulin (g/l) 2.92 ± 0.26 3.64 ± 0.28 3.36 ± 0.26 2.72 ± 0.38 

BUN mg/dl 15.62 ± 1.94 12.12 ± 0.78 20.20 ± 1.58 14.80 ± 0.72 

Creatinine mg/dl 1.44 ± 0.02 1.36 ± 0.05 1.70 ± 0.08 1.46 ± 0.11 

Na mmol/L 128.60 ± 1.96 129.80 ± 1.59 124 ± 3.22 126.80 ± 2.08 

K mmol/L 4.12 ± 0.17 4.02 ± 0.12 4.22 ± 0.09 4.68 ± 0.32 

Mg mg/dl 2.06 ± 0.17 1.74 ± 0.05 1.92 ± 0.02 1.48 ± 0.02 

Ca mg/dl 10.36 ± 0.28 9.98 ± 0.22 10.20 ± 0.35 9.40 ± 0.16 

Lactate mmol/L 2.04 ± 0.16 1.51 ± 0.07b 2.92 ± 0.07 2.10 ± 0.10a 

Cortisol µg/dl 3.19 ± 0.41 2.03 ± 0.23c 5.72 ± 0.60 3.88 ± 0.22c 

a: p<0.001 b: p<0.01 c: p<0.05 
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DISCUSSION 
The balanced diet plays an important role in 

improvement of performance, as the horses being 
fed on good quality feed achieve good 
performance. However, the other horses fed on 
poor quality feed have had poor performances as 
stated by (Kapper, 2015). 

 Enormous alterations are recorded in the 
hematological, acid-base balance, electrolytes 
and biochemical constituents between good and 
poor performing jumping horses before and after 
exercise without B12 aqua-acupuncture therapy 
that it's adding together improve the performance 
of these athletic horses. 

No significant differences detected at rest and 
after exercise except the blood platelets are 
significantly higher in poor performing horses after 
exercise, which resulted from the ability of spleen 
to reuptake platelets is much lower than RBCs 
and that may cause thrombocytosis which worsen 
by competition. Moreover, exercise stress induces 
not only thrombocytosis but also increases the 
reactivity and the capacity to form platelets 
aggregation, with subsequent cardiovascular 
hemostatic abnormalities (Aurigemma et al., 2007; 
Piccione, 2008 and Assenza et al., 2013). 
Concurrently, the hematological parameters in B12 
aqua-acupuncture therapy showed no significant 
changes between the jumping horse groups at 
rest and after exercise. 

 The blood gas values in good performing 
jumpers at rest are within normal reference range 
where pH is 7.42 ± 0.01, pCO2 is 48.16 ± 4.91 
mmHg, partial oxygen pressure (pO2) is 36.8 
mmHg, HCO3

- is 28.20 ± 1.94 mmol/l and O2 sat 
is 69.4 % as mentioned by (Sławuta et al., 2010). 

On contrary, poor performing horses at rest 
showed significant decrease in pH and HCO3

- and 
significant increase of pCO2. After exercise, poor 
performing horses showed significant decreases 
in pH, HCO3

- and BE. Metabolic acidosis is 
resulted from anaerobic energy production that 
ensuing accumulation of intracellular lactate, 
depletion of K and elevation of CO2 production 
lindinger (2014). There is reciprocal relationship 
between plasma lactate and bicarbonate owing to 
consumption of bicarbonate as a compensatory 
mechanism in case of accumulation of lactate 
produced from anaerobic metabolism (Taylor et 
al., 1995). In general, acid-base disturbances are 
often associated with prolonged exercise and with 
much pathology (Lindinger and Heigenhauser, 
2012). Furthermore, blood gases in B12 aqua-
acupuncture showed no significant changes 
between the two groups at rest and after exercise. 

Regarding muscle enzymes, significant 
increases in CK and LDH are recorded in poor 
performing horses at rest. CK and LDH values 
showed insignificant increases after exercise. 
These enzymes are specific and their increases 
are considered a symptom of muscle damage 
(Burlikowska et al., 2015). Subsequent to B12 
aqua-acupuncture, there is significant decrease in 
CK at rest as well as significant decreases in LDH 
and AST after exercise. These results agreed with 
Toda (2011) who mentioned that acupuncture at 
ST36 has a better therapeutic effect for muscle 
fatigue and acupuncture that leads to analgesia 
and improvement in muscle function. Moreover, 
the muscle soreness is significantly lower after B12 
aqua-acupuncture therapy as described by 
(Cardoso et al., 2016). 

Significant increase of albumin after exercise 
in poor performing horses which came in 
accordance with (Fazio et al., 2011) who 
mentioned that there is redistribution of fluids and 
electrolytes from vascular compartment to 
extracellular spaces which result in increasing 
albumin level as a consequent to exercise. Along 
with significant increase of BUN is referred to 
extensive fluid loss in the sweat, the reduction in 
renal blood flow and glomerular filtration rate as a 
result to excessive exercise (Piccione et al., 
2009). 

Lactate and cortisol levels are important 
indictors in assessing horse performance. In this 
study, lactate concentration showed significant 
elevation at rest and after exercise in poor 
performing horse which might be attributed to 
anaerobic metabolism of muscle cells. These 
results are similar to the findings of Aguilera-
Tejero (2000). Furthermore, the reciprocal 
relationship between plasma lactate and 
bicarbonate has been established with 
accumulation of lactate and activation of 
compensatory mechanism bicarbonate 
consumption (Taylor et al., 1995).  

After B12 aqua-acupuncture, there are 
significant decreases in blood lactate level at rest 
and after exercise. These results agreed with 
(Pelham et al., 2001) who stated that acupuncture 
enhances aerobic condition by increasing stroke 
volume and decreasing heart rate, in addition to 
reduction of blood pressure through peripheral 
vasodilatation, which in turn increases blood flow 
with subsequent increase oxygen delivery to 
tissues. This process hypothetically showed 
counteracts anaerobic respiration in muscles and 
therefore blood lactate build up decreases.  

Cortisol level showed extremely statistically 
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significant increase in poor performing jumping 
horses at rest and after exercise. The increased 
level of blood lactate stimulates cortisol secretion 
so theoretically, in less trained horses; serum 
cortisol level can be increased to that recorded in 
well trained horses (Mircean et al., 2007 and 
Sabev 2011).  

After B12 aqua-acupuncture, the serum 
cortisol level is significantly decreased at rest and 
after exercise that in agreement with (Villas-Boas 
et al., 2015) who stated that acupuncture may 
reduce cortisol level in stressed horses by 
interference of stress-induced hypothalamus 
pituitary axis (HPA) activation. These previous 
findings can clarify the effect of B12 aqua-
acupuncture on the prevention of the harmful 
effects of chronically elevated corticosteroids 
levels so these results support the fact that 
acupuncture can be used to alleviate stress – 
related disorders in horses. 

CONCLUSION 
In conclusion; this study confirmed that poor 

performing horses at risk of elevate lactate and 
cortisol level after exercise with increased 
incidence to develop metabolic acidosis and this 
condition can be corrected by B 12 aqua-
acupuncture. 
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