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Abstract: This study aimed to investigate the effect of a treadmill exercise on hematological and
serum biochemical parameters and the expression of immune-related cytokine genes in leukocytes.
For the experiment, six healthy adult dogs were divided into exercise and control groups. The exercise
group performed an endurance exercise three times a week for four weeks. Blood samples were
collected before exercise, two weeks after exercise, and post-exercise, and hematological and serum
biochemical analysis and cytokine gene analysis were conducted. In the exercise group, white blood
cell count (WBC), aspartate aminotransferase, serum alkaline phosphatase, and glucose levels were
significantly decreased, but there was no change in the control group. The mRNA expression of
TNF-«, IFN-y, IL-1B, and IL-4 was significantly decreased in the exercise group compared to the
control group. There was no difference in IL-6, IL-8, and IL-10 mRNA expression between groups.
The results in the current study demonstrate that short-term moderate-intensity endurance exercise
alters WBC levels and mRNA cytokine expression in leukocytes and may have a meaningful effect
on immune health in dogs.
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1. Introduction

Dogs have long shared environments and lifestyles with humans [1]. In modern
society, they are recognized as members of the family beyond the concept of companion
animals [2]. Dogs also reveal unique behavior patterns that induce human care and
affection [3], resulting in a stronger bond between humans and dogs. Accordingly, many
dog owners are striving to improve the welfare of their companions by providing them
with a variety of physical activities in daily life, including walks and trotting for obesity
prevention, health care, and stress relief [4]. However, it is unclear whether these activities
can provide sufficient exercise levels for dogs.

The American College of Sports Medicine (ACSM) provides scientific and detailed
exercise guidelines for health benefits that take into account individual characteristics
(i.e., gender, age, fitness level, presence or absence of disease, etc.) by comprehensively
analyzing numerous studies in the field of human exercise science [5]. The ACSM sug-
gests > 30 min/day ! moderate and higher exercise intensity with >50-70% maximal
oxygen uptake (VOymax) > 3 day/wk to improve or maintain physical fitness and health
in humans [5]. However, there are no established exercise guidelines for dogs, and it is
challenging to measure exercise intensity with VOyy,« due to the problem of using the
equipment under experimental control conditions. Maximal heart rate (HRnax) is often
used to determine exercise intensity in dogs as an alternative measure [6]. Previous studies
have demonstrated that the HRmax of dogs is 220-230 beats per minute (bpm) by mea-
suring the heart rate during progressive exercise [6,7]. According to former exercise data
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based on HRmax [6-8], dogs who participated in aerobic exercise on a treadmill, reaching
50-70% HRmax, for four weeks showed positive changes in white blood cell count (WBC)
and serum alkaline phosphatase (ALP) levels [8]. In another study, walking (3.8 km/h,
10 min) followed by running (7.2 km/h, 20 min) then walking again (3.8 km/h, 10 min)
resulted in a significant change in lactate and glucose levels in the blood serum of dogs [9].
Meanwhile, in a survey of the frequency and duration of walks regarding overweight
dogs, 82.5% of respondents said that their dog walks at least once a day, and 63.2% said
that their dog walks for more than 30 min per day [10]. Although overweight dogs were
often walked, their weight seems to be stagnant. The enforced or voluntary exercise of
appropriate frequency, intensity, time and type may be more essential for achieving health
and fitness goals for dogs, as suggested in human studies [11,12].

Recent research has focused on the role of exercise in the positive regulation of cy-
tokines [13]. Cytokines are a control system of intercellular signaling molecules produced
by various cells for immune and inflammatory reactions with complex mechanisms [14,15].
Without stressful stimuli, cytokines are usually regulated at low levels through autocrine
or paracrine action [16], but they also serve as physiological protection against tissue dam-
age, injury, and disease [17-19]. In the cytokine response to exercise, moderate levels of
exercise induce anti-inflammatory mechanisms, and intense levels of exercise stimulate
pro-inflammatory pathways [20]. Interleukin (IL)-6, a pro-inflammatory cytokine, was
significantly increased following high-intensity interval exercise (VO2max 90%) compared to
low-intensity exercise [21]. In addition, moderate-intensity aerobic exercise over four weeks
induced a decrease in tumor necrosis factor-alpha (TNF-co) [22]. On the other hand, other
studies have reported that walking at ~60% VOopax intensity in healthy female subjects
did not affect immune-related parameters [23]. Although numerous studies have been
conducted to validate moderate-intensity exercise-induced positive effects on cytokines,
the results are inconclusive. As far as we know, no studies have been reported on the
topic of canine cytokine regulation by exercise. In dogs, immune regulation by cytokines is
valuable in clinical veterinary medicine [24,25], and studies are needed to examine whether
exercise intervention can induce positive control of cytokines for dog health.

In our previous study [8], we developed a four-week treadmill exercise program
for dog health by applying ACSM’s scientific exercise principles (frequency, intensity,
time/duration, type, volume, and progression; FITT-VP) [5]. The intensity of this exercise
program was around 50% HRmax, and positive changes in ALP were confirmed [8]. Our
previous research focused on developing a safe endurance exercise program that many
dog owners could use directly, but the scientific validation of the dog health benefits of
exercise is unclear due to the lack of biochemical and molecular analysis. We hypothesized
that moderate-intensity endurance exercise in dogs would induce a positive effect on
immune function, based on the affirmative results on hematological parameters identified
in previous studies. Therefore, the purpose of this study was to investigate the effect of a
treadmill exercise program on hematology and serum biochemistry parameters and the
expression of immune-related cytokine genes in dogs. Furthermore, verifying the positive
effects of short-term endurance exercise on immunity is intended to demonstrate that the
exercise program can effectively improve canine health.

2. Materials and Methods
2.1. Animals

Six healthy male beagles were used in this investigation (Table 1). All dog care
met the recommendations described in The Guide for the Care and Use of Laboratory
Animals and were consistent with the Institutional Animal Care and Use Committee of
Hanyang University (HYU-2020-0073A) and Seoul National University (SNU-180731-2).
All methods and protocols were performed in accordance with relevant guidelines and
regulations. Before starting the experiments, a veterinarian performed a fundamental
hematological analysis and body composition examination. Additionally, all beagle dogs
received the same dietary and resting conditions. The dogs were housed in a temperature-
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and humidity-controlled room (22-23 °C and 50-60%) with a 12:12 h light (07:00-19:00)
and dark (19:00-07:00) cycle. The dogs were kept in separate cages (775 x 960 x 900 cm)
with soft rubber floors cleaned daily. Meals were provided twice a day (09:00, 17:00), and
water was provided ad libitum. The dogs were not fed for four hours before the exercise
test to prevent exercise-induced gastrointestinal upset, acid reflux, and heartburn.

Table 1. Dog characteristics. Age and weight data are represented as mean =+ SD.

Parameters (Unit) Dogs
No. of Dogs 6
Sex Male
Age (month) 31.8 +15.8
Weight (kg) 91+13

Age and weight data are represented as mean + SD.

2.2. Treadmill Adaptation for Dog Safety

All dogs underwent two weeks of acclimatization periods before the main experiment
to familiarize themselves with the researcher, laboratory environment, and exercise regimen.
The exercise equipment included a treadmill (EGOJIN XG-V6E, Gyeonggi-do, Korea) and a
safety belt attached to the chest of each dog. Each dog’s rectal temperature was measured
using a digital thermometer before and after exercise. The researcher and veterinarian
checked the dogs’ behavior and ensured their safety throughout the experiment.

2.3. Endurance Exercise Program

As a warm-up, the dogs walked for five minutes at 2-3 km/h speed on the treadmill
before the endurance exercise. Endurance exercise, a form of physical training with no
resting intervals, was provided three times a week for four weeks and included four
protocols. All protocols were separated into five sessions (1-5). In protocols 1 to 4, the slope
and speed of the treadmill gradually increased as the session progressed. At the start of the
following protocol, the slope and speed were reset to their values in the second session of
the prior protocol (Table 2).

Table 2. A four-week endurance exercise program consisting of four protocols. The 4 protocols
include a gradual increase in slope (%) and speed (km/h) as the session proceeds.

Protocol Session 1 2 3 4 5

Time (min) 5 5 5 5 5

1 Slope (%) 0 1 1 2 2
Speed (km/h) 3.0 32 34 3.6 3.8

Time (min) 5 5 5 5 5

2 Slope (%) 1 2 2 3 3
Speed (km/h) 3.2 34 3.6 3.8 4.0

Time (min) 5 5 5

3 Slope (%) 2 3 3 4 4
Speed (km/h) 34 3.6 3.8 4.0 4.2

Time (min) 5 5 5 5 5

4 Slope (%) 3 4 4 5 5
Speed (km/h) 3.6 3.8 4.0 42 44

2.4. Hematology and Serum Biochemistry Parameter Analysis

A total of 8 mL blood samples were collected from the jugular vein of the dog and
3 mL of blood was divided into two EDTA tubes for hematological analysis and mRNA
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extraction. The remaining samples were transferred into a serum separation tube for
serum chemistry analysis. After coagulation, the tubes were centrifuged at 3000 rpm for
10 min to separate serum. Hematology and serum biochemistry analyses were performed
within the first six hours after blood collection. EDTA-blood samples for mRNA extraction
were stored at —80°C until subsequent use. Hematological parameters were measured
from EDTA-blood samples using ADVIA 2120i (NYN Tarrytown, Tarrytown, NY, USA).
Biochemistry parameters were measured from serum using the Hitachi 7180 Auto analyzer
(Hitachi, Tokyo, Japan) with reagents specifically designed for the instrument. All analysis
were carried out according to the schematic design of experimental procedures in Figure 1.

Section 1 Section 2 Section 3 Section 4 Section 5
5 5 5 5 5

Time (min)
0-3 14 14 2-5 2-5
Grade (%)
— 3036 3238 3440 3642 3844
Speed (km/h) ‘ l,w
Protocol and weeks
Pre 1 2 3 4 Post
1 1 1 1 1 1
Pre-exercise 2 weeks-exercise Post-exercise

24 “ 4

Figure 1. Schematic design of experimental procedures. Dogs underwent endurance exercise com-
prising five resting stages and four workout stages total of four weeks.

2.5. Quantitative Reverse Transcription-Polymerase Chain Reaction (qRI-PCR)

Regarding total RNA extraction, EDTA-blood samples were collected from dogs before
exercise, two weeks after exercise, and post-exercise. Total RNAs were extracted from the
leukocytes of all samples following the manufacturer’s instructions using the QIlAamp
RNA Blood Mini Kit (Qiagen, Hilden, Germany). Total RNA extracted was quantified using
a NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA) and
stored at —80 °C until used for complementary DNA (cDNA) synthesis. cDNA was synthe-
sized using all collected RNA with a Maxime RT premix kit (iNtRON, Gyeonggi, Korea).
Quantitative reverse transcription-polymerase chain reaction (QRT-PCR) was performed
using the StepOnePlus Real-Time PCR System (Applied Biosystems, Foster City, CA, USA).
The final reaction mixture (20 pL) included 0.4 uL forward primer, 0.4 puL reverse primer,
10 uL SYBR Green PCR master mix (Applied Biosystems), 8.2 uL diethylpyrocarbonate-
treated water, and 1 uL cDNA under the following conditions: 40 cycles of 95 °C for 10s,
60 °C for 20 s, and 72 °C for 40 s. The beta-actin gene was used as an internal control
to normalize quantification for comparative analyses. Relative gene expressions were
calculated using the 2-AACt method [26]. The relative formula (R) was assessed using the
formula: R =2 — [ACt sample — ACt control group]; each obtained value was normalized
to the beta-actin value, and the average value for each gene expression of both groups at
the time point before exercise was set to one [27]. All primer sequences are listed in Table 3.

2.6. Statistical Analyses

All data are presented as mean + SEM. The statistical analyses were performed using
GraphPad Prism 5 (GraphPad Software, Inc., San Diego, CA, USA). Two-way analysis of
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variance (ANOVA) was used to determine the mean difference in each variable, followed
by a Bonferroni’s post hoc test. Statistical significance was set to p < 0.05.

Table 3. List of primer sequences used for real-time qPCR.

Gene Primer Sequence (5’ — 3) Accession Number

F: GCGCAAGTACTCTGTGTGGA

B-actin R: ACATTTGCTGGAAGGTGGAC NM_001195845.2

TNF-o F: CTCAGCTTCCOCCTITOOTA. NM_001003244.4

IL-4 R CTCGCTGTOAGGATGITCAA NM_001003159.1

IL6 K. TTOTTICCAGAGGTGAGTCG NM 0010033011
3. Results

3.1. Effect of Exercise on Hematological and Serum Biochemistry Parameters

Table 4 presents the differences in hematological and serum biochemical parameters
before exercise, two weeks after exercise, and post-exercise. During the experiment, the
WBC pattern was different between the control group and the exercise group. In the control
group, there was no change from the initiation of the experiment until the end of four
weeks. However, in the exercise group, the WBC count was significantly decreased at two
weeks of exercise compared to pre-exercise and increased at the end of exercise (p < 0.05).
Regarding aspartate aminotransferase (AST) and ALP serum levels, there was no change
in the control group during the experiment, but in the exercise group, the post-exercise
values showed a significant change compared to levels before exercise and at two weeks of
exercise (p < 0.05). In the exercise group, glucose was significantly decreased at two weeks
of exercise compared to pre-exercise and post-exercise (p < 0.05), but there was no change
in the control group. There was no difference in effect for other hematological and serum
biochemical parameters (Table S1).

Table 4. Changes in canine hematological and biochemical responses during exercise.

2 Weeks of

Parameters Group Pre-Exercise . Post-Exercise
Exercise
WBC (k/uL) Control 7810.0 + 1120.6 7313.3 4+ 2043 .4 7543.3 4+ 976.5
H Exercise 8650.0 + 3085.7 A  4916.6 + 109798  6806.6 + 450.8 €
Control 37.6 + 4.0 30.0 + 1.0 30.6 + 5.5
AST(U/L) Exercise 35.0+2.64 310+ 554 263+208
Control 353 + 8.6 34.8 +2.0 303+ 5.1
ALP (U/L) Exercise 400 454 440+264 496+708
Glucose Control 110.6 £7.0 1103 £ 7.7 104.6 £+ 6.6
(mmol/L) Exercise 1103+ 5.6 4 101.3+ 758 108.0 + 9.6 4

All data are represented as mean + SEM. A~C superscripts denote statistically significant values between pre-
exercise, two weeks of exercise, and post-exercise for the exercise group (p < 0.05). Results were derived from
three dogs in the control group and 3 dogs in the exercise group.
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3.2. Effect of Exercise on the Expression of Immune-Related Cytokine Genes

Real-time PCR was performed to analyze the expression level of immune-related
cytokine genes in the leukocytes of the treadmill endurance exercise group and the control
group. As a result, the mRNA expression of pro-inflammatory cytokines TNF-«, IFN-y, and
IL-1p were significantly decreased compared to the control group after exercise (Figure 2,
p < 0.05). There was no significant difference in IL-6 and IL-8 between the two groups
during exercise.

TNF-o IENy
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S £
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s -
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Figure 2. Comparison of changes in pro-inflammatory cytokines according to the duration of exercise.
* Denotes a statistically significant comparison (p < 0.05) between groups at that time point. @) su-
perscripts denote statistically significant comparisons between pre-exercise, two weeks of exercise,
and post-exercise for the control group (p < 0.05). (A=) superscripts denote statistically significant
values between pre-exercise, two weeks of exercise, and post-exercise for the exercise group (p < 0.05).

IL-4 significantly decreased in the exercise group after exercise compared to the control
group, and IL-10 was not different between groups (Figure 3, p < 0.05).

IL-4 IL-10

1.54 2.0+
a =
S 121 S
il S 1.5
£ 0s : £
= 094 A * -
] ]
: -‘Nj 5 10-
E 0.6+ T F 2
- = 0.54
- 0.34 -8 Control = -@— Control
& —- Exercise & —M- Exercise

0.0 T T T 0.0 T T T

Pre 2 weeks Post Pre 2 weeks Post

Figure 3. Comparison of changes in anti-inflammatory cytokines according to the duration of the
exercise period. * Denotes statistically significant comparison (p < 0.05) between groups at that time
point. (AB) superscripts denote statistically significant values between pre-exercise, two weeks of
exercise, and post-exercise for the exercise group (p < 0.05).

4. Discussion

The purpose of this study was to investigate the effect of short-term endurance exercise
on hematological variables and cytokine regulation in healthy dogs. We found positive
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changes in WBC, AST, ALP (Table 4), and glucose following moderate-intensity endurance
exercise and significant changes in pro-inflammatory cytokines, including TNFE-c, IFN-y,
and IL-1$, and anti-inflammatory cytokine IL-4 (Figures 2 and 3). To the best of our knowl-
edge, this is the first study to confirm the proper regulation of cytokines through exercise in
healthy dogs, suggesting that WBC may be involved in the primary mechanism by which
exercise-induced cytokines are regulated. Adequate adaptation to the experimental envi-
ronment and exercise program is required, as dogs may show resistance to standing on the
treadmill and exercise or may be easily distracted by their sense of smell and hearing [28].
The current study provided the beagles sufficient time to adapt to the experiment and
adequate compensation (walking, play, communion, etc.). No dogs experienced any side
effects or maladaptive behavior following exercise, and there were no abnormal findings in
the health checkup conducted by the veterinarian.

Hematological and serum biochemical analysis is an effective method that evaluates
physiological changes and health abnormalities in dogs who have exercised [29-31]. Ele-
vated WBC count is used as a risk indicator for cardiovascular disease, inflammation, and
excessive physical and psychological stress [32-35]. In this study, dogs who exercised for
a total of four weeks showed a significant decrease in WBC count at the second week of
exercise but returned to pre-exercise levels after completing the exercise program. Exercise
in the early stages of training causes mild oxidative stress and increases cell damage and
inflammation [36,37], but continuous training effectively improves anti-inflammatory and
antioxidant capacity [36,38]. Accordingly, these changes in WBC count are considered to
appropriately represent the adaptation of exercise. Long-term and high-intensity exercise
is known to induce a decrease in WBC count in humans [39], and our study found that
moderate-intensity exercise for four weeks also reduces WBC count in dogs. Through this,
the exercise program conducted in this study is considered to have sufficient intensity and
duration to positively change canine WBC count.

Horn et al. [40] reported a significant positive correlation between endurance exercise
and WBC reduction. Neutrophils contribute phagocytosis to the inflammatory response,
which, for exercise, occurs following repeated eccentric contractions that cause local muscle
damage and release of chemokines and cytokines [41,42]. Neutrophils are produced in the
bone marrow from the myeloid cell line [43] and are the major subset of the polymorphonu-
clear phagocytes, representing 50-75% of total circulating leukocytes [44]. Furthermore,
neutrophils play a central role in infection, genetic disorders, inflammation, and innate
immune function [45,46]. Neutrophils are also the most abundant effector cells in the
immune system and are the cells that first migrate from the bloodstream to the site of
tissue inflammation in response to pathogens or inflammation [47]. Caused by stress
from exercise, when inflammation produced by tissue and immune cells accumulates, it
circulates through the blood to the bone marrow to activate hematopoietic stem cells and
release numerous cytokines, such as TNF-«, IFN-y, and IL-6, which are responsible for the
spread and regulation of inflammation [43,48-51]. Neutrophils are mobilized through the
process of emergency granulocyte formation for the proper regulation of cytokines [52].
Since neutrophils are cells with a short lifespan of 6-8 h [53], a large number of neutrophils
are required to be produced [52]. Various prior studies have shown that human and animal
models show a decrease in WBCs and neutrophils after endurance exercise [40,45,54,55].
Therefore, the transient decrease in WBCs identified in this study is believed to be the result
of these mechanisms.

Recently, opinions have been raised that WBCs could be a source of cytokines [56-58].
Changes in TNF-o, IFN-y, IL-1§3, and IL-4 were identified in dogs that exercised in this
study. Cytokines are divided into T helper 1 (Th1) and Th2 T lymphocytes according to the
profile produced [59]. TNF and IFN included in Th1 are activated in intracellular inflamma-
tory responses, whereas IL-4, classified as Th2, is activated in extracellular inflammatory
responses [59,60]. In general, exercise is known to induce an increase in IL-6 [61,62]. The
changes in IL-6 identified in this study are unexpected results, and the reason for this is dif-
ficult to know. However, even in a study investigating changes in aerobic exercise (running
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and cycling), the changes in IL-6 according to the type of exercise did not coincide with
each other [63], and it was reported that the health status of the subjects and the increase in
IL-6 were inversely proportional [64-66]. Considering this, it may have been difficult to
confirm a significant increase in IL-6 because healthy dogs participated in this study.

Although moderate levels of exercise are known to have a positive effect on the
immune system, including reduced upper respiratory tract infections and inflamma-
tion [67,68], strenuous exercise is known to increase pro-inflammatory cytokines, such
as TNF-«, IL-1$3, and IL-6, by reducing immune cell function and natural killer cell re-
sponse [69-71]. Traditionally, IL-6 is the fastest-expressed inflammatory cytokine in the
circulatory system in stressful situations and is known to promote the production of TNF-o
and IL-1p3 [72,73]. On the other hand, in an IL-6 knockout mouse model, TNF-« was slightly
decreased after exercise, and it was shown that the expression of TNF-« can be inhibited
by other pathways as well as through independent pathways by IL-6 [74]. As a result of
moderate exercise in healthy young adults for six weeks, similar to the exercise period
of this study, TNF-a was significantly reduced compared to the high-intensity exercise
group [75]. In another study, healthy adults performed moderate-intensity endurance
exercises for four weeks, and TNF-« was significantly reduced post-exercise [22]. Given
this, dogs exhibiting reduced TNF-« due to proper levels of exercise intensity fits well
with the existing literature. Meanwhile, many CD8* T cells are 32-adrenergic, producing
IEN-y and IL-1p [76,77]. In dogs, as in humans, exercise is generally known to activate
epinephrine [78,79], and increased epinephrine appears to inhibit T cell receptors, reducing
CD8* T cells [80,81] and leading to a decrease in IFN and IL-13. The same results were
found in humans and horses who performed aerobic exercise [76,82].

IL-4, a potent anti-inflammatory cytokine, inhibits pro-inflammatory cytokines [83],
and the current study confirmed a decrease in IL-4 along with a decrease in pro-inflammatory
cytokine levels in dogs post-exercise. Previous studies have reported contrasting results
regarding IFN-y and IL-4 and exercise [84,85], but the results of this study were different
from those of the preceding studies. Therefore, this is not surprising, as cytokine responses
to exercise are sometimes conflicting or controversial [76,86,87] and can lead to different
outcomes depending on study design [82]. The development of the canine immune system
shares many similarities to the human as many of the parameters (i.e., common gamma
chain, receptors for interleukins, and cytokines) that describe the dog’s immune system are
more similar to humans than rodents [88]. Thus, dogs have played an important role in
immune system research as a pre-clinical model for human drug development, including
the study of primary immunodeficiency disease. Cytokines involved in lymphocyte devel-
opment and function are also reported to be almost identical in dogs and humans [88]. In
the present study, changes in cytokines to exercise in dogs will serve as reference data for
predicting changes in humans and contribute as an animal model to prove immune effects
during exercise.

5. Conclusions

The current study demonstrated that short-term moderate-intensity endurance ex-
ercise significantly affects WBC count and mRNA cytokine expression in canine blood
and may have a meaningful effect on immune health in dogs. In order to improve the
health of dogs, the intensity of exercise above the medium intensity applied here and
continuous participation in exercise for more than four weeks and three times a week is
considered necessary.

This study has several limitations. Due to the characteristics of dogs, which are
medium-heavy animals, it was difficult to secure sufficient populations, so the number of
samples in this study was small. Since our research has been conducted only on healthy
male beagles, we need a research design that considers gender, breed, and disease. Through
this, further studies are needed to examine whether exercise interventions can effectively
control cytokines by applying moderate-intensity short-term endurance exercise to a variety
of dog breeds.
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