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Abstract

Objective: Obesity is linked to inflammatory processes and an imbalance in pro-
and anti-inflammatory cytokines. A previous study revealed that early obesity
causes increased cellular turnover and compensatory up-regulation of AT2
receptors in the rat heart. We surveyed the effect of early obesity on the imbalance
of inflammatory cytokines according to changes in cellular components.

Material and Methods: Early obesity was induced by overfeeding rat pups for 28
days. The normal litter (NL) had 10 male pups and the small litter (SL) had 3 male
pups per dam. We measured body weight, serum glucose, and Masson trichrome
(MT) stain. Western blotting to detect inflammatory cytokines was performed using
antibodies against metalloproteinase 9 (MMP-9), tissue inhibitor of MMPs type 1
(TIMP-1) and adipokines, including adiponectin, plasminogen activator inhibitor 1
(PAI-1), and tissue necrosis factor-a (TNF-a), and monocyte chemotactic protein 1
(MCP-1) and an anti-CD68 antibody of tissue macrophages (ED-1).

Results: Body weight and heart weight were significantly increased, but relative
heart weight (heart weight / body weight) was significantly decreased in the SL (P
< 0.001*). Both collagen and glucose in the SL were increased, but these increases
were not statistically significant. Protein expression of MMP-9 (P < 0.001*), PAI-1
(P < 0.001%*), and adiponectin (P = 0.009) was increased, but changes in TIMP-1,
TNF-a, ED-1, and MCP-1 were not significant in the SL. (all data are 95% confidence
interval)

Conclusions: Early obesity induces increases in collagen and inflammatory
cytokines. However, the anti-inflammatory effects of adiponectin protect the
heart in early obesity and those effects of adiponectin should be investigated.
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Introduction

As obesity is a global problem in each country, treatment and
prophylaxis of the obesity have been important issue. Control
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of obesity during childhood can be important role in prophylaxis
of obesity because the obesity in childhood easily induces
adult obesity. Stettler et al. have focused on this problem and
interestingly, it appears that there are critical periods during
development that strongly increase the risk of long-term obesity.
Weight gain in the first week of life can increase the risk of
permanent overweight in adulthood [1] and being overweight
in childhood can increase the risk of coronary heart disease in
adulthood [2].

© Copyright iMedPub | www.aclr.com.es

Cardiac tissue mainly consists of myoctyes which are surrounded
by extracellular matrix and the major component of the
extracellular matrix is collagen [3]. In other words, cardiac
tissue is composed of cellular and non-cellular components.
The cellular components are made up of major myocytes and
minor endothelial cells. The non-cellular components are made
up of the extracellular matrix and the interstitial fluid. The major
component of the extracellular matrix is collagen. The interstitial
fluid is associates with cytokines released by cells that have a
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specific effect on the interactions between cells. The cytokines
includes cell signal molecules, such as tumor necrosis factor and
the interferons, which trigger inflammation [4].

Therefore, the first, we investigated PCNA cells and apoptotic
cells to observe turnover (proliferation and necrosis) of myocytes.
The up-regulation of cellular turnover in myocytes, especially
PCNA cells and apoptotic cells in early obesity was confirmed in
our previous study [5]: early obesity showed different patterns
of cellular changes [6]. The second, we surveyed the deposition
of the collagen in the interstitial space because an increase in
collagen deposition (fibrosis) in almost all cardiac diseases is
observed [3] and obesity induces cardiac fibrosis due to increases
of collagen during early development in rats [7]. The last, we
investigated the cytokines in cardiac obesity associated with
turnover of the extracellular matrix and inflammation. Adipose
cytokines (adipokines; adioponectin, PAI-1), inflammatory
cytokines (TNF-a, ED-1, MCP-1) and extracellular matrix cytokines
(MMP, TIMP) are associated with child obesity and metabolic
syndrome and are investigated to treat early obesity [8-10].

Materials and Methods

Twenty virgin Sprague—Dawley female rats at the age of 3 months
mated with the same species of male rats at the almost same
time to obtain time-matched siblings. The pups were delivered
from pregnant mother rats after 21 days and the pups which
have extremely small or large body weights with more than
two standard errors were excluded. The male pups among the
pups at the first day of life were selected and female pups were
discarded. The individual litters were randomly distributed to the
real dams or surrogate dams. We defined 10 male pups per dam
as the control group [the normal litter (NL) group)] and 3 male
pups per dam as the obesity group [the small litter (SL) group].

The definition of 10 male pups in the normal litter (NL) as the
control group means that a rat dam has 10 nipples and 10 male
pups compete with each other to gain much milk because of
spatial and quantitative limitations. Also this condition is similar
to the natural rearing status. The definition of 3 male pups in
the small litter (SL) means that 3 male pups eat sufficient milk
without competing with siblings. This condition is artificial
rearing status but there was no other food intervention except
enough maternal breast feeding. The body weights of pups in
each group were measured every 3 days from the 1st to the 28th
day after birth. All laboratory procedures were performed with
the approval of the Animal Care Committee of Korea University
Guro Hospital and in accordance with the recommendations of
the Guidelines for the Care and Use of Laboratory Animals.

Animal preparation

The pups in each group were sacrificed on the 28th day after birth
and their heart organs were extracted from the body to prepare
the Masson trichrome (MT) staining and Western blotting. The
blood was collected to measure serum glucose with use of the
Glucostick®.

Masson trichrome (MT) stain

Obesity usually causes systemic hypertension and it can burden
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the left ventricle as a systemic ventricle rather than both the
atria and right ventricle [11]. Therefore, we chose to perform MT
staining and Western blotting to investigate pathologic change of
the left ventricles by effects of obesity. MT staining is a three-
colored staining system to detect collagen and other components,
and the collagen is differentially stained blue. The amount of
collagen is proportional to the increase in fibrotic changes. Point
detection was used to identify the amount of interstitial collagen.
Latticed squares buried in the microscopic lens were used for the
point detection method. A larger square that was 25 x 25 um?
had 100 smaller squares that were 2.5 x 2.5 um?. The 100 smaller
squares comprised a total of 121 vertexes in a larger square. If
the stained collagen fiber crossed at the individual vertexes of
the smaller square, then that was defined as a positive detection.
The final average of the positive detection of collagen was
counted and compared between two groups. The myocytes were
measured via microscopy at 400 x in 20 fields as non-overlapped
areas. We then compared the amount of collagen fibers between
two groups.

Western Blotting

Western blotting was performed with tissue preparation, gel
electrophoresis, transfer, blocking, and detection with primary
(Santa Cruz, California, USA) and secondary antibodies (anti-rabbit
IgG, Millipore, Temecula, USA; anti-mouse I1gG, KPL, Gaithersburg,
USA; anti-goat IgG, R & D systems, Minneapolis, USA). We used
primary antibodies against obesity-induced inflammatory
cytokines such as matrix metalloproteinase 9 (MMP-9), tissue
inhibitor of MMPs type 1 (TIMP-1), plasminogen activator
inhibitor 1 (PAI-1), tissue necrosis factor-a (TNF-a), anti-CD68
antibody of tissue macrophages (ED-1), monocyte chemotactic
protein 1 (MCP-1) and adiponectin. The protein density for each
antibody was measured by computerized densitometry using the
Image PC alpha 9® program (NIH, Bethesda, MD, USA), and those
values were divided by the density of B-actin, which is regularly
expressed in all cells. We compared each value of protein density/
B-actin density in the SL group with that in the NL group.

Statistical analysis

The means with standard errors for body weight and Western
blotting in the SL group were compared with those of the NL
group using t-tests. Statistical significance was adopted at P
values < 0.05 and the statistics program, Sigma Stat® (Version
2.03, Systat Software, Point Richmond, CA, USA) was used for all
statistical analyses.

Results

Body weights were not significantly different between the
two groups on the first day after birth, but a significant
difference developed from the 4th day to the 28th day (all
P < 0.001; Figure 1). On the 28th day, body weights and heart
weights increased significantly in the SL group compared to those
in the NL group (P < 0.001 and P = 0.003, respectively) and the
mean relative heart weight decreased significantly in the SL
group compared to those in the NL group (P = 0.025; Table 1).
Serum glucose level and collagen were increased in the SL group
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compared to those in the NL group on MT staining, but these
changes were not significant (Table 1 and Figure 2).

The inflammatory cytokines associated with obesity were
measured by Western blotting. The inflammatory cytokines
associated with turnover in the extracellular matrix are MMP-9
and TIMP-1. Protein expression of MMP-9 in the SL group was
increased significantly compared to those in the NL group (P <
0.001; Figure 3), but the increase of TIMP-1 in the SL group was
not significant compared to those in the NL group (P = 0.340;
Figure 4). The inflammatory cytokines associated with pro-
inflammatory reactions (adipokines) are PAI-1 and TNF-a; protein
expression of PAI-1 in the SL group was significantly increased
compared to those in the NL group (P < 0.001; Figure 5), but
the increase in TNF-a was not significant (P = 0.221; Figure 6).
Adiponectin is an inflammatory cytokine associated with anti-
inflammatory activity; the protein expression of adiponectin in
the SL group was significantly increased compared to those in
the NL group (P = 0.009; Figure 7). The inflammatory cytokines
associated with macrophage recruitment are ED-1 and MCP-1;
the protein expression of ED-1 and MCP-1 in the SL group was
not increased compared to those in the NL group (P = 0.254 and
P =0. 657, respectively; Figures 8 and 9).

Discussion

The critical periods for developing obesity are the prenatal

4 N

100 4 I All Pvalues are < 0.001* from the 31 to 28" day ]

80 1
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Body weight (g)
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— Day (s)
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Figure1 Comparison of body weights between the small litter
(SL) and normal litter (NL) groups from the 1stday to the
28t day. Body weight in the SL group was not different
from that of the NL group on the 1% day after birth, but
that of the SL group was significantly higher from the 4t
K day to the 28" day after birth (all P < 0.001). J

ISSN 2386-5180 Vol.4 No. 1: 74

period, early infancy, the period between 5 and 7 years of age,
and adolescence [12]. Infancy in human is one of these critical
periods because of weaning from maternal milk at about 1 year
old, similar to weaning at the 28th day in rats. Therefore, we
selected this period because it is important to understand the
pathophysiology of early obesity.

We compared the degree of obesity in overfed rats (the obesity,
SL group) with that of the control, NL group. The degree of obesity
in the SL group was expressed as follows:

Mean body weight inthe SL group %100

Degreeof obesity (%) =
greeof ty( 0) Meanbody weightinthe NL group

Value is110 ~ 120%; overweight, value is >120%; obesity 13
The degree of obesity at the 28th day was 139.54% (98 / 70.23
x 100 (Figure 1 and Table 1, P < 0.001) and the value of the
SL group at the 28th day can be defined as obesity although the
definition is from human research [13].

. . H .
Relative heart weight = Heartweight

Body weight
Mean relative heart weight in the SL group decreased more than
that in the NL group, indicating that the growth rate of the total
body was much faster than that of the heart. This may cause
relative cardiac burden for maintaining the body. However it is
unclear that this imbalance is associated with cardiac morbidity
and mortality or not, because an increase in body weight should
not correspond in a proportional increase in heart weight and
there are coexisting substantial risk factors.

Myocytes are the major cellular component of cardiac cells
and their proliferation is suppressed under normal physiologic
conditions within 30 days after birth at rat [14]. However,
our previous research showed that early-onset obesity
induced reactivation of cellular components while they were
physiologically suppressed [5]. Therefore, we were interested
in looking at the changes in extracellular components as well as
cellular components. Collagen is the main cardiac component of
the extracellular matrix; early obesity induces increases in fibrotic
deposition of collagen in sheep [15]. In order to investigate the
changes in collagen in the obesity group, we performed Masson
trichrome staining of the heart. Collagen was increased in the
obesity group, but this change was not statistically significant.
Early obesity causes changes in extracellular components through
the increase in collagen as well as cellular components.

The most important molecules for molecular turnover in the
extracellular matrix are MMP and TIMP. As clinical data support

Table 1 Body weight, heart weight, relative heart weight (heart weight divided by body weight), and serum glucose

NL group (n = 50)

SL group (n = 15)

Body weight (g) at 1 day 7.45 = 0.04 7.57+£0.11 0.453
Body weight (g) at 28 days 70.23 £ 1.75 98.00 * 3.50 <0.001*
Heart weight (g) at 28 days 0.45 +0.02 0.57 £0.02 0.003*
Relative heart weight at 28 days (61.2 £1.8) x 10* (55.6 £2.1) x 10* 0.025*
Serum glucose (mg/dL) 147 £7.1 153 £5.8 0.148
"P < 0.05 in the SL compared with the NL by use of the t-test. NL: normal litter; SL: small litter; g: gram
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»* Blue-color stained collagen
- P= 0745

Mean = 0.134 Mean = 0.139

sL 25 um
Masson trichrome (MT) stain. The collagen as major
component of extracellular matrix can be differentiated
as blue color from the red muscle fibers and black cell
nuclei. The myocytes were measured via microscopy at
400 x in 20 fields as non-overlapped areas. The amount
of collagen was measured through point detection.
There was no significant difference in the small litter
(SL) group compared to the normal litter (NL) group (P

Figure 2
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Figure 3 Western blotting of inflammatory cytokines associated
with turnover of the extracellular matrix, MMP-9.
Protein expression of MMP-9 increased significantly in
small litter (SL) group (P < 0.001) compared to that in
the normal litter (NL) group.

NS /

an important role MMP-9 and TIMP-1 in cardiovascular risk, we
chose to analyze MMP-9 and TIMP-1[16,17]. MMP-9 has a specific
interaction with type IV collagen and is more involved in turnover
of the extracellular matrix compared to other MMPs [18]. MMP-
9 is found at elevated concentrations in obese subjects [19,20]
and increased MMP-9 is a risk factor for cardiovascular morbidity
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and mortality. 16 Increased TIMP-1 levels are also associated
with obesity [21] Therefore, early obesity induced an imbalance
in MMP and TIMP and eventually increased MMP-9 significantly
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Figure 4 Western blotting of inflammatory cytokines associated
with turnover of the extracellular matrix, TIMP-
1. Protein expression of TIMP-1 did not increase
significantly in the SL group compared to that in the NL

group (P = 0.340). J
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Figure5 Western blotting of inflammatory cytokines associated
with thrombotic risk, PAI-1. Protein expression of PAI-
1 increased significantly in the small litter (SL) group
compared to those in the normal litter (NL) group (P <
0.001).
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Figure 6 Western blotting of inflammatory cytokines associated
and cellular inflammation, TNF-a. Protein expression of
TNF-a did not increase in the SL group compared to that
in the NL group (P = 0.221). J
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Figure 7 Western blot analysis of the inflammatory cytokine
associated with fat metabolism as one of adipokines,
adiponectin. Expression of adiponectin protein increased
significantly in the small litter (SL) group compared to that
in the normal litter (NL) group (P = 0.009).
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Figure 8 Western blot analysis of inflammatory cytokines
associated with macrophage recruitment, ED-1. Protein
expression of ED-1 did not increase in the small litter (SL)
group (P = 0.254) compared to those in the normal litter

(NL) group.
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Figure 9 Western blot analysis of inflammatory cytokines
associated with macrophage recruitment, MCP-1. Protein
expression of MCP-1 did not increase in the SL group

S

compared to that in the NL group (P = 0.657).
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and TIMP-1 nonsignificantly. Increases in MMP-9 and TIMP-1
may influence turnover of extracellular matrix and affect cardiac
morbidity in early obesity.

PAI-1 is a principle inhibitor of tissue plasminogen and the
inflammatory cytokine produced in adipose tissue [22].
Upregulation of PAI-1 in obesity induces endogenous thrombosis
and cardiac fibrosis, and an increase in PAI-1 enhances the risk of
cardiovascular disease [23]. Our result showed that early obesity
increased protein expression of PAI-1. This reaction may be
related to increases in thrombotic risk during early development
of the rat heart.

The level of adiponectin varies with different inflammatory
diseases and it is related to pro- and anti-inflammatory cytokines
in obesity [24]. Adiponectin is inversely correlated with body fat
mass in adults and children (adiponectin levels are decreased in
obese subjects) [25]. Adipokines (such as leptin, TNF-a, PAI-1,
IL-1 beta, IL-6 and IL-8) are proinflammatory cytokines and they
are increased in obesity.8 Adiponectin inhibits the expression
of TNF-a in adipocytes, and, reciprocally, TNF-a inhibits the
production of adiponectin [26,27]. Our results showed that
adiponectin was increased and TNF-a was increased (non-
significantly) in the obesity group. As adiponectin levels are
decreased in obese subjects [27]. The role of adiponectin in the
inflammatory processes during early obesity changes; in other
words, up-regulation of adiponectin occurs in early-onset obesity.
This fact can be supported by Inami et al. who revealed that the
level of adiponectin during the first few days of life correlates
positively with neonatal adiposity and increased adiponectin
and has a good effect on postnatal growth and development
[28]. Also, Shibata et al. insisted that adiponectin mediates
cardiovascular protection through attenuation of inflammatory
responses and apoptotic activities in the heart [29]. Therefore,
anincrease in adiponectin in early obesity can be associated with
cardiac growth and protection against inflammatory progression,
in contrast to the decrease in adiponectin seen in late obesity.
Also, adiponectin in early obesity may influence the level of
TNF-a or other pro-inflammatory cytokines, and this needs to be
further investigated.

ISSN 2386-5180 Vol.4 No. 1: 74

Increases in adiponectin during youth are a strong and
independent correlate of insulin sensitivity; the anti-diabetogenic
property of adiponectin is also evident early in life [30]. Our
results showed that the serum level of glucose increased, but the
change was non-significant in the SL group (Table 1). Adiponectin
may have an influence on insulin sensitivity in obesity and the
relationship between the two should be investigated.

ED-1 (CD68) and MCP-1 mediate recruitment of macrophages
and they are involved in inflammatory reactions of cardiovascular
disease [31]. We looked for increases in ED-1 and MCP-1, but
there were no significant changes in the obesity group. Other
pathways involved in changes from recruiting macrophages
should be researched.

Early obesity causes the over-expression of inflammatory
cytokines such as MMP-9, TIMP-1, PAI-1, and TNF-a. These
cytokines have an influence on the extracellular matrix and
thrombotic morbidity associated with inflammatory reaction.
The level of adiponectin is increased in other ways because
adiponectin in early obesity is associated with cardiac growth and
protective mechanisms against inflammatory progression. The
anti-inflammatory reaction of the adiponectin is most prominent
in the early obesity period around the 28th day after birth. We
should investigate how long anti-inflammatory and cardiac
protective effects of the adiponectin reaction continue to provide
protection against obesity. If we can determine when the anti-
inflammatory effect of the adiponectin ends, we will learn more
about the pathophysiology of obesity. This study provides new
findings regarding early-onset obesity.

Our study had a few limitations. It is not clear whether the
early findings in rats can be generalized to humans because
experimental data obtained from animal experiments do not
always correlate to human biology.
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