pISSN 2466-1384 eISSN 2466-1392
大韓獸醫學會誌 (2016) 第 56 卷 第 4 號
Korean J Vet Res(2016) 56(4) : 205~208
https://doi.org/10.14405/kjvr.2016.56.4.205

<Original Article>

Serum serotonin concentration in lean and obese dogs
with myxomatous mitral valve disease
Kyu-Tae Kim1, Hee-Myung Park2, Changbaig Hyun3, Kyoung-Won Seo1, Kun-Ho Song1,*
1

College of Veterinary Medicine, Chungnam National University, Daejeon 34134, Korea
2
College of Veterinary Medicine, Konkuk University, Seoul 08826, Korea
3
College of Veterinary Medicine, Kangwon National University, Chuncheon 24341, Korea

(Received: March 21, 2016; Revised: July 18, 2016; Accepted: August 9, 2016)
Abstract: The aim of the present study is to investigate the potential influence of obesity as a factor in 5hydroxytryptamine (5-HT) concentration in myxomatous mitral valve disease (MMVD) dogs. Fifty-five client-owned
dogs were enrolled in a randomized trial. Dogs were classified by echocardiography into healthy (control), mild, and
moderate to severe MMVD groups. Each group was subclassified by using a 9-point body condition score (BCS);
lean (BCS 5–6/9) and obese groups (BCS 7.5–9/9). Dogs with moderate to severe MMVD had lower serotonin (5HT) concentrations than the control group (p = 0.03). Dogs with moderate to severe MMVD (p = 0.017) had lower
serum 5-HT concentrations than the control group in the obese group (BCS 7.5–9/9). Significant difference was found
between the lean and obese groups (p = 0.015) which are not consider severe in the MMVD group. These results
suggested that 5-HT concentration was decreased with the increasing severity of MMVD, and obesity might be taken
into consideration when interpreting the serotonin concentration in MMVD dogs.
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circulating 5-HT concentration as a potential source of heightened 5-HT signaling was demonstrated in small dogs with
MMVD [11]. 5-HT concentration was decreasing with the
increase of MMVD severity [13]. Another study demonstrated no significant difference in the 5-HT concentration of
dogs with MMVD compared to healthy dogs [9]. Therefore,
the aim of the present study is to investigate the potential
influence of obesity to 5-HT concentration in MMVD dogs.

Introduction
Serotonin (5-hydroxytryptamine or 5-HT) is known as a
monoamine neurotransmitter biologically derived from tryptophan, and is mainly found in the gastrointestinal tract,
platelet, and in the central nervous system of animals including humans [14]. Approximately 90% of 5-HT in the body is
synthesized in the enterochromaffin cells of the intestine
[10]. 5-HT is associated with numerous biological functions
on mood, appetite, and the cardiovascular system [6]. In relation to appetite, 5-HT interacts with leptin, the first identified adipokine. In the cardiovascular system, it has been
recently reported that 5-HT has a role in the development of
mitral valve disease [11]. 5-HT-related mechanism which is
increased 5-HT signaling or decreased 5-HT clearance may
lead to valvulopathy in humans and animal models. It is
associated with valvular lesions in humans with carcinoid
tumors, or in those receiving serotonergic drugs [2,4]. Long
term administration of 5-HT also develops valvular lesions in
rats [3, 5]. Myxomatous mital valve disease (MMVD) is one
of the most common heart disease in dogs [3]. It has been
suggested that MMVD is functionally and pathologically similar in humans and dogs [13]. In a previous study, increased

Materials and Methods
Study population
Three populations of client-owned dogs were prospectively recruited at the Veterinary Medical Teaching Hospitals
of Chungnam National University, Konkuk University and
Kangwon National University between May 2013 and July
2014. Fifty-five dogs (22 males and 33 females) were enrolled
in the current study. The control group consisted of 15 dogs
with 2 mixed breeds, 1 Bedlington terrier, 1 Borzoi, 1 Boxer,
4 Yorkshire terriers, and 6 Beagles. The MMVD groups consisted of 41 dogs with evidence of MMVD on echocardiography and 20 dogs that had mild MMVD and, 21 dogs that
had severe MMVD. Each group classified by a body condi-
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Table 1. Signalments of control and myxomatous mitral valve disease (MMVD) groups (mean ± SE)
Items
Number of samples
Sex (male/female)
Age (yr)
Body weight (kg)

Control group
Lean
Obese
7
7
3/4
5/2
7 ± 1.63
6.14 ± 1.6
7.7 ± 6.15
10.7 ± 3.4

tion score (BCS) (Table 1) consisted of the control group (7
lean, 7 obese), the mild group (12 lean, 8 obese), and the
moderate to severe group (14 lean, 7 obese). The most commonly recruited breeds in MMVD group were Maltese
(n = 13) and Shih-Tzu (n = 13) followed by Yorkshire Terrier (n = 4), Cocker Spaniel (n = 3), Mixed (n = 3), Pekinese
(n = 1), and Pomeranian (n = 1).
All owner’s consents were obtained prior to evaluation and
blood collection. As inclusion criteria for the present study,
dogs were included if they had evidence of MMVD or an
absence (control) of physical or echocardiographic evidence of
MMVD. Dogs with congenital heart disease or significant
systemic disease were excluded from this study. Also, dogs
receiving serotonergic drugs, such as fluoxetine or being fed
serotonin-containing foods (i.e., bananas, tomatoes, pineapples, or walnuts) were not included in this study.
The raw data (an owner interview, physical examination,
blood collection, and echocardiography) were collected from
each dog. All examinations were performed without sedation in a quiet examination room. Each investigator weighed
and determined BCS and assigned the dog to either the control (lean) group (BCS 4–5/9) or the obese group (BCS 7.5–
9/9) utilizing a 9-point BCS system [7].
Five milliliters of blood was collected from the cephalic
vein into a serum tube. Serum samples were separated by
centrifugation and transferred into Eppendorf tubes. Serum
samples were stored at −80oC for batched analysis.

Sample grouping and sandwich ELISA test
Echocardiography was performed to verify the diagnosis of
MMVD and to assess the severity of MMVD. The left atrial
to aortic root ratio was measured from the right 2-dimentional short-axis view. The M-mode values of the left ventricle were measured as previously described and obtained from
the right parasternal short axis view [1]. Estimations of MMVD
severity based on the obtained left atrium (LA)/aortic root
(Ao) ratio and presence of mitral regurgitation (MR) were
classified as follows: control group (LA : Ao ratio ≤ 1.5 with
no MR), mild group (LA : Ao ratio ≤ 1.5 with MR), and moderate and severe group (LA : Ao ratio > 1.5 with MR).
Serum 5-HT concentrations were measured by a commercially available serotonin ELISA kit (Enzo Life Sciences, USA)
according to the manufacturer’s instructions.
Statistical analysis
Statistical analysis was performed by a commercially

Mild group
Lean
Obese
12
8
4/8
0/8
10.75 ± 1.54
12.57 ± 1.59
4.6 ± 2.95
7.37 ± 1.78

Moderate to severe group
Lean
Obese
14
7
7/7
3/4
10.42 ± 1.91
11 ± 1.29
5.96 ± 6.94
7.14 ± 2.57

Fig. 1. Association of serum 5-HT concentration in control (C)
and 2 MMVD groups (MR1, mild; MR2, moderate to severe).
Error bars represent standard errors. *Significant difference was
observed between two groups (p < 0.05).

available computer-based software program (SPSS Statistics
18.0.0; SPSS, USA). Serum 5-HT concentrations are presented as the average values of each group within standard
error (mean ± SE). A p value of < 0.05 was considered significant. The one-way ANOVA was used to investigate overall associations between 5-HT concentration and the control
and 2 MMVD groups. If a significant association (p < 0.05)
was detected, a pair-wise comparison was performed by use
of the Duncan-test.

Results
5-HT concentration were decreased with the increasing of
severity of MMVD (Fig. 1). Lower 5-HT concentrations were
significantly observed in dogs with moderate to severe MMVD
(p = 0.03) compared with the control group (Fig. 1). However, there was no significant difference (p = 0.102) between
control group and the mild group, and no significant difference (p = 0.83) was found in dogs with moderate to severe
MMVD compared with mild MMVD group. Significant difference was observed between the lean and the obese groups
(p = 0.015), which were not considered severity in the MMVD
group (Fig. 2A). No difference (p = 0.335) was found between
females and males (Fig. 2B). In the lean group (BCS 5–6),
no significant differences were found among the control,
mild and moderate to severe groups with MMVD (Fig. 2C).
In the obese group (BCS 7.5–9), significantly lower 5-HT
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Fig 2. Association of lean and obese states (A), sex (B), lean BCS with MMVD severity (C), and obese BCS with MMVD severity (D).
*Significant difference was observed between two groups (p < 0.05).

concentrations were observed between the control and the
moderate to severe MMVD groups (Fig. 2D), although no
significant difference was observed between the control group
and the mild MMVD group.

Discussion
Recently, 5-HT has been suggested to have a role in the
development of MMVD in dogs [8, 9]. The mitral valve leaflets are naturally thin, translucent, thickening and elongation
with disease progression, which can lead to MMVD in dogs
[13]. 5-HT concentration was decreasing with the increase of
MMVD severity, from which might be suggested that if 5HT plays a role in valvular degeneration it does so primarily
in the early stages of the disease [13]. However, one study
demonstrated no significant difference in the 5-HT concentration of dogs with MMVD compared to healthy dogs [9].
For these reasons, we had questions concerning other
potential source effects on 5-HT concentration in MMVD
dogs. In the present study, low 5-HT concentration was found
with an increase of MMVD severity. A significant low 5-HT
concentration was found between control and moderate to

severe groups, although there were no differences between
the control and mild group, and between the mild and the
moderate to severe group. These findings are similar to the
previous study that 5-HT concentration was decreasing with
increasing MMVD severity and high 5-HT levels in early
stages of MMVD are associated with the development of
MMVD [8].
In the present study, low 5-HT concentration was significantly observed in obese groups compared to lean groups.
The result is similar to previous study suggesting that low 5HT concentration is associated with increasing risk of obesity [12]. Furthermore, the obese group with moderate to
severe MMVD had lower 5-HT concentration than obesity
dogs with no MMVD in the present study, although there
was no difference with lean dogs in MMVD severity. There
were a few limitations of the present study. Samples obtained
from the obese dogs in moderate to severe MMVD group
were of a small sample size. Further study should be performed using larger samples and in relation to the potential
influence of obesity in the 5-HT concentration of MMVD dogs.
In conclusion, 5-HT concentration was decreased with the
increasing in severity of MMVD. The result is similar to that
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of Ljungvall [8]. Also, dogs with moderate to severe MMVD
had significantly lower serum 5-HT concentrations than the
control group in the obese groups. The results indicate that the
obesity factor might be taken into consideration when interpreting test results of serotonin concentration in MMVD dogs.

Acknowledgments
This study was supported by CNU fund of Chungnam
National University.

References
1. Cornell CC, Kittleson MD, Della Torre P, Häggström J,
Lombard CW, Pedersen HD, Vollmar A, Wey A. Allometric
scaling of M-mode cardiac measurements in normal adult
dogs. J Vet Intern Med 2004, 18, 311-321.
2. Fitzgerald LW, Burn TC, Brown BS, Patterson JP, Corjay
MH, Valentine PA, Sun JH, Link JR, Abbaszade I, Hollis
JM, Largent BL, Hartig PR, Hollis GF, Meunier PC,
Robichaud AJ, Robertson DW. Possible role of valvular
serotonin 5-HT2B receptors in the cardiopathy associated with
fenfluramine. Mol Pharmacol 2000, 57, 75-81.
3. Fox PR. Pathology of myxomatous mitral valve disease in
the dog. J Vet Cardiol 2012, 14, 103-126.
4. Gustafsson BI, Tømmerås K, Nordrum I, Loennechen JP,
Brunsvik A, Solligård E, Fossmark R, Bakke I, Syversen
U, Waldum H. Long-term serotonin administration induces
heart valve disease in rats. Circulation 2005, 111, 1517-1522.

5. Gustafsson BI, Hauso O, Drozdov I, Kidd M, Modlin IM.
Carcinoid heart disease. Int J Cardiol 2008, 129, 318-324.
o
6. Horácek J, Kuzmiaková M, Höschl C, Andel M,
Bahbonh R. The relationship between central serotonergic
activity and insulin sensitivity in healthy volunteers. Psychoneuroendocrinology 1999, 24, 785-797.
7. Laflamme D. Development and validation of a body condition
score system for dogs. Canine Pract 1997, 22, 10-15.
8. Ljungvall I, Höglund K, Lilliehöök I, Oyama MA, Tidholm
A, Tvedten H, Häggström J. Serum serotonin concentration
is associated with severity of myxomatous mitral valve disease
in dogs. J Vet Intern Med 2013, 27, 1105-1112.
9. Mangklabruks T, Surachetpong SD. Plasma and platelet
serotonin concentrations in healthy dogs and dogs with
myxomatous mitral valve disease. J Vet Cardiol 2014, 16,
155-162.
10. Ni W, Watts SW. 5-Hydroxytryptamine in the cardiovascular
system: focus on the serotonin transporter (SERT). Clin Exp
Pharmacol Physiol 2006, 33, 575-583.
11. Oyama MA, Chittur SV. Genomic expression patterns of
mitral valve tissues from dogs with degenerative mitral valve
disease. Am J Vet Res 2006, 67, 1307-1318.
12. Park HJ, Lee SE, Oh JH, Seo KW, Song KH. Leptin,
adiponectin and serotonin levels in lean and obese dogs.
BMC Vet Res 2014, 10, 113.
13. Pedersen HD, Häggström J. Mitral valve prolapse in the
dog: a model of mitral valve prolapse in man. Cardiovasc
Res 2000, 47, 234-243.
14. Young SN. How to increase serotonin in the human brain
without drugs. J Psychiatry Neurosci 2007, 32, 394-399.

ê

208

