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Abstract
Back ground: Aging is generally associated with alterations in physical activity, weight status and energy metabolism, which predisposes
aged individuals to metabolic syndrome. In this manuscript, age effects on energy metabolic indicators of similar physical activity and
weight status but of varying ages were investigated. Materials and Methods: Energy metabolic indicators, such as plasma adiponectin,
leukocytic AMP-activated protein kinase, plasma malate dehydrogenase and lactate dehydrogenase along with common plasma
metabolites, were measured in healthy young (AV = 7.1 years) and aged (AV = 14.1 years) riding horses of similar physical activity, diet
and weight status. Malate dehydrogenase and lactate dehydrogenase ratio was also calculated as the indicator of energy metabolism.
Results: Plasma adiponectin concentration and leukocytic AMP-activated protein kinase activity in aged horses were significantly lower
than those in young horses (p<0.05, Mann-Whitney U test). Although not significant, energy metabolism indicators, malate
dehydrogenase, lactate dehydrogenase and their ratio were lower in aged group when compared to those of young group.
Conclusion: The present results indicate the decline in energy metabolism with aging in healthy horses even without any visible changes
in adiposity. Such changes reflect dysfunction of energy metabolism and predispose the aged individuals to the development of metabolic
syndrome.
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INTRODUCTION
Energy metabolism and body fat distribution (proportion)
generally alter with aging in animals. Glucose and lipids are
the main sources of energy in mammals and their homeostasis
is influenced by altered body weight and adipose tissue status.
Previously, study showed down regulation of lipid and glucose
metabolism in overweight animals with aging1. Since, the
identification of the hormone, leptin2, adipose tissue has
become recognized as not only a mere inert fuel storage but
also an important secretory and endocrine organ that actively
releases substances, adipokines involved in a wide array of
physiological processes including glucose and lipid
homeostasis, blood pressure, body weight regulations and
immune functions3,4. As suggested by many studies, the
dysregulated synthesis of harmful adipokines, such as tumor
necrosis factor-alpha (TNF")5, interleukin-6 (IL-6) and of
beneficial adipokines, such as adiponectin (ADN)6 and
leptin7, are involved in the development of metabolic
syndrome, which is frequently seen in obese and/or aged
individuals.
Aging is associated with decreased physical activity, one
of the main causes of obesity. Riding horses are generally
maintained at higher physical activity compared to other
domestic animals. In this study, common plasma metabolites
and energy metabolism indicators in riding horses of similar
physical activity and weight status but of varying ages, were
measured to elucidate the relationship among age, adipose
statusand energy metabolism in horses.

Blood sampling and analysis: Blood sample from each horse
was collected from the jugular vein into heparinized tubes.
Plasma was recovered by centrifugation at 1200 g, for 5 min,
4EC and stored at -80EC until use. Buffy coat was stored in STE
buffer at-80EC until use. Cytosolic fractions of leukocytes were
prepared and isolated via ultrasonification, then centrifuged
at 12000 g for 30 min at 4EC, a method previously described10.
Glucose (GLU), Total Cholesterol (TC), triglyceride (TG)
concentrations and alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP) activities
were measured using an auto-analyzer (JCA-BM2250, JEOL
Ltd., Tokyo, Japan) with the manufactureʼs reagents at Monolis
Inc. (Tokyo, Japan). Activities of plasma lactate dehydrogenase
(LDH) with pyruvate as substate11 and malate dehydrogenase
(MDH)12 were calculated by conversion of NADH to NAD+,
interpreted by the changes in spectrophotometric absorption
at 340 nm. Plasma MDH/LDH ratio was calculated by the
division of MDH activity by LDH activity. Plasma non-esterified
fatty acid (NEFA) was measured using a commercial kit,
NEFA-C test (Wako Pure Chemical Industries, Inc., Tokyo,
Japan). Plasma Insulin (INS) and adiponectin (ADN)
concentrations were measured with commercial ELISA kits,
Lbis Rat T insulin kit (Shibayagi Co., Gunma, Japan), mouse/rat
adiponectin ELISA kit (Osuka Pharmaceutical Co., Ltd., Tokyo,
Japan), respectively. Leukocytic AMP-activated protein kinase
(AMPK) activities were measured using a commercial ELISA kit,
CycLex AMPK Kinase Assay kit (CycLex Co., Ltd. na, Nagano,
Japan). The AMPK activity was measured at 30EC for 30 min
and is expressed as nanogram of phosphorylated substrate
per minute per mg of protein (specific activity). Protein
concentration in cytosol fraction was measured with the
Bradford method13 using bovine serum albumin as the
standard. The enzyme unit (IU) in IU per liter of plasma
(volume activity) represents 1 :mol of substrate degraded
per min.

MATERIALS AND METHODS
Animals: Subjects utilized in this study were twenty clinically
normal thoroughbred riding horses (female n = 3, male
n = 17), maintained at Japan Horseback Riding Club (Saitama,
Japan). All males were gelded. They were divided into two
groups based on age: young group (3-8 years old, average
7.1±0.5) and aged group (11-18 years old, average 14.1±0.7).
The weight status of each subject was determined by the
modified8 Carrol and Huntington method9 of six-scale Equine
Body Condition Score (EBCS) and classified as follows:
(1) Very thin, (2) Thin, (3) Fair, (4) Good, (5) Fat and (6) Very fat.
Each horse was maintained on a diet consisting of: 5.2- 6.4 kg
of hay cube, 3.0-4.0 kg of Italian ryegrass, 0-1.3 kg of wheat
bran, 0-1.8 kg of barley, fed twice daily at 6:00 and 16:00.
Exercise regimen of each horse consisted of: walking at
100-110 m minG1 for 10-30 min, trotting at 200-220 m minG1
for 10-30 min and cantering at 300-350 m minG1 for 15 min,
1-3 times daily for 6 days per week. The range in the exercise
amount was due to the varying skills of the riding students.

Statistical analysis: All values are expressed as Mean±SE.
Statistical significance was analyzed by Mann-Whitney U test.
The significance level was set at p<0.05.
RESULTS
The body weight of study subjects ranged from
450-500 kg. The weight status of all the horses in this study
was determined as EBCS = 4, based on the modified Carroll
and Huntington EBCS scoring system8,9.
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Table 1: Comarison of the biochemical and energy metabolism parameters
between the two age groups of riding horse
Groups (10)
------------------------------------------------------Parameters
Young
Aged
GLU (mg dLG1)
98.30±2.30
99.90±1.4
TG (mg dLG1)
16.10±3.4
14.70±1.4
TC (mg dLG1)
71.00 ±2.9
74.70±4.0
NEFA (µmol LG1)
11.80±3.7
83.90±44.9
INS (ng mLG1)
0.43±0.06
0.63±0.15
ADN (µg mLG1)
10.90±1.70
6.50±1.3*
AMPK (ng minG1mg proteinG1)
73.20±13.3
43.30±6.7*
AST (IU LG1)
261.30±33.8
232.70±10.8
ALT (IU LG1)
6.80±1.10
6.20±0.4
ALP (IU LG1)
258.80±16.3
248.80±13.5
MDH (IU LG1)
384.10±43.1
374.30±18.7
LDH (IU LG1)
206.90±24.7
200.60±10.7
MDH/LDH ratio
1.92±0.13
1.89±0.09
Values are presented Mean±SE, *Significantly different (p<0.05) when
compared against young group, (p<0.05, Mann-Whitney U test) GLU: Glucose,
TG: Triglyceride, TC: Total cholestrol, NEFA: Non-esterified fatty acid, INS: Insulin,
ADN: Adiponectin, AMPK: AMP-activated protein kinase, AST: Aspartate
aminotransferase, ALT: Alanine aminotransterase, ALP: Alkalinc phosphatase,
MDH: Malate dehydrogenase and LDH: Lactate dehydrogenase

However, significantly lower ADN concentration and AMPK
activity were shown in aged group, as well as decreasing
tendencies of MDH, LDH activities and M/L ratio, all of which
are considered to reflect changes in glucose lipid metabolism,
energy stateand the metabolic health of individuals. The
present study results are in concordance with the previous
studies. Changes in energy metabolism are indeed part of the
normal aging process in many species18.
The ADN is a cytokine secreted by adipocytes. It is
involved in glucose and lipid metabolism and exerts direct
effects on vasculatures, thus positively influences the
metabolic health of individuals19. It modulates the expression
of fatty acid transport proteins in liver and skeletal muscle and
stimulates fatty acid oxidation and glucose utilization via
activation of AMPK20. It also exerts anti-inflammatory actions
via inhibition of macrophage activity and C-reactive protein,
TNF" production and action. It is considered beneficial
adipokine and its decline in plasma is associated with disease
processes such as obesity, insulin resistant Type 2 diabetes,
coronary artery disease in humans5,20, which commonly
develop in aged individuals. Plasma ADN concentration was
also shown to decline with aging in clinically healthy dogs21.
Unlike other adiopokines, secretion and circulating levels of
ADN are inversely proportional to body fat mass22. Many
evidences further suggest the significance of adipose status,
such as adipose depot distribution (subcutaneous vs. visceral)
and adipocyte size (small vs. large) in ADN synthesis and
secretion6,23.
AMP-activated protein kinase is a downstream
component of protein kinase cascade activated by increasing
AMP coupled with ATP depletion. It is a sensor of cellular
energy status and mediates effects of adipokines in food
intake, body weightand glucose and lipid metabolism24,
reducing the risk of obesity and insulin resistance24,25.
Additionally, AMPK activation suppresses oxidative stress and
inflammatory processes, which are the characteristics
commonly seen in older individuals. Previous studies have
shown a crucial role of AMPK in regulating aging speed and
lifespan in several species19,26,27,28 and its decline in activity
with aging.
The MDH, a rate-limiting enzyme of the malate-aspartate
shuttle, plays a crucial role in ATP production as it is involved
in transportation of cytosolic NADH, generated by glycolysis,
into mitochondria29. Its activity level and M/L ratio determined
by the division of MDH by lactate dehydrogenase (LDH), a
cytosolic marker involved in reversible conversion of pyruvate
to lactate, are considered to reflect energy metabolism
changes in various individuals and health conditions, such as
race horses under intense training30, canine lymphoma31 and

As shown in Table 1, plasma ADN concentration and
leukocyte cytosolic AMPK activity level in aged horses
were significantly lower compared to those in young
horses (6.5±1.3 vs. 10.9±1.7 µg mLG1; 43.4±6.7 vs.
73.3±13.3 ng minG1 mg proteinG1, respectively). Although not
significant, plasma NEFA and INS concentrations in aged
group were higher than those in young group (83.9±44.9 vs.
11.8±3.7 µmol mLG1 and 0.63±0.15 vs. 0.43±0.06 ng mLG1,
respectively). Although not significant, the activity levels of
MDH, LDH and M/L ratio (1.89±0.09 vs. 1.92±0.13) of aged
group were lower compared to those in young group. No
difference was noted in the commonly measured plasma
biochemical parameters GLU, TG, TC, AST, ALT, ALP between
the two groups.
DISCUSSION
Aging and obesity share similar clinical consequences
such as diabetes, hypertension, neoplasia, orthopedic and
cardiac diseases14,15. Many evidences attribute abnormal
adipose tissue (excessive or dysfunctional) and dysregulated
synthesis of adipokines to the development of age-related
diseases and reduced life span16,17. It is further supported by
the fact that limiting energy intake (dietary restriction) leads
to extended lifespan8.
In this study, the subjects in two groups all had EBCS of
4.0, which is considered good according to the 6.0-scale
evaluation system, thus were not considered overweight.
Furthermore, most plasma biochemical parameters,
commonly used to assess overall health status of individuals,
showed no significant difference between the two groups.
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diabetes mellitus32 and acute weight gain in dogs33. The
present results may also suggest its potential diagnostic
significance in assessing the effects of aging in horses.
The results in this study showed shifts in energy
metabolism indicators with aging in horses. These changes
reflect dysfunction of energy metabolism and predispose the
aged individuals to the development of metabolic syndrome.
The energy metabolism indicators such as ADN, AMPK and
M/L ratio may be useful for the early detection of latent
metabolic disorders in aging animals.
The effects of aging on shifts in fat cell size and
distribution (adipose status) and energy metabolism, were not
directly assessed in this study but are strongly suggested since
weight and EBCS were not different between the two age
groups. Further studies assessing the differences not only in
mere adiposity but also in adipose status (fat cell size and
distribution) against age and energy metabolism indicators
are warranted in order to elucidate the physical and
biochemical effects of aging in horses.
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CONCLUSION
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The energy metabolism indicators such as adiponectin,
AMP-activated protein kinase, malate dehydrogenase and
lactate dehydrogenase ratio may be useful for the early
detection of latent metabolic disorders in aging animals.
Further studies assessing the differences not only in mere
adiposity but also in adipose status (fat cell size and
distribution) against age and energy metabolism indicators
are warranted in order to elucidate the physical and
biochemical effects of aging in horses.
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