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Abstract
Aging, which is an independent risk factor for heart disease, alters body fat mass and its function.
Epicardial fat plays an important physiological and pathophysiological role on cardiac structure and
function. This study investigated if aging altered the abundance of epicardial (EF) and abdominal fat
(AF) derived mediators in a sex dependent manner in female and male Fischer 344 × Brown Norway
hybrid (FBN) rats. EF and AF were obtained from 48 female and male, young (6 months), aged
(26/30 months) and very aged (30/36 months) FBN rats. Adipose derived anti-inflammatory and pro-
inflammatory mediators were measured using ELISA, adipokine array and real-time qPCR. No
dramatic changes in circulating lipids other than a higher triglyceride and high density lipoprotein
in aged females and a significantly increased circulating adiponectin (p< 0.005) in aged rats were
observed. Real time PCR results showed that compared to 6mo old female rats, the aged (26mo) and
very aged (30mo) rats had significantly lower levels of EF genes: adiponectin (p<0.005), PPARγ
(p<0.01, 0.005), IL-6 (p<0.01) and PAI-1 (p<0.01, 0.01), respectively, but not in AF. In contrast, the
male rats exhibited an increase in IL-6 in EF (p< 0.005) but a decrease in adiponectin and PPARγ in
AF with aging. These changes might be attributed to differences in adipocyte make-up or macrophage
infiltration. In conclusion, aging had a more profound impact on EF derived mediators in female
rather than male rats, which might help explain the increased risk to cardiovascular disease seen in
older women.
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1. Introduction
The incidence of cardiovascular disease (CVD)1 increases sharply with age, differs with sex
and appears to disproportionately affect women older than 65 yrs2. Although both women and
men are influenced by similar risk factors for CVD such as aging, smoking, diet/alcohol, and
physical inactivity3, CVD and heart disease are more prevalent in older men than women,
whereas, stroke is more prevalent in older women4. However, between women and men
suffering from CVD, there is higher mortality rates in women compared to men. This health
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concern has lately reached critical proportions and likely to worsen as the elderly comprise the
fastest growing segment of the United States population5. Although not well understood,
previous reports have suggested that alterations in adipose derived mediators (adipokines) may
play an important role in these disease processes, as these molecules can modulate
inflammatory processes6 7. It is thought that different fat depots differ in their expression of
adipokines, for example abdominal fat secretes a greater amount of the inflammatory
mediators, IL-6 (Interleukin-6) and PAI-1 (Plasminogen activator inhibitor-1) than does other
fat depots8. Aging dramatically changes the mass, distribution and function of adipose tissue,
and it also results in increased infiltration and redistribution of fat into non-adipose tissues such
as muscle, bone, liver and the heart9, 10.

In addition to abdominal fat, studies have suggested that alterations in epicardial fat (EF) may
be particularly important in the pathophysiology of CVD due to its close proximity to the heart
and coronary vasculature and its capacity to secrete high amount of pro-inflammatory
adipokines11–13. To our knowledge, how aging may alter adipose derived mediators and if
the abundance of adipokines varies between different fat depots with aging and between sexes
has not been investigated. We hypothesized that aging would alter the abundance of abdominal
and epicardial fat derived mediators and that age-associated changes in these mediators would
differ between the two sexes. Using male and female Fischer 344 × Brown Norway hybrid
(FBN) rats at matching age groups, we examined circulating and tissue adipokine mRNA
expression in abdominal and epicardial fat depots. Our findings reveal that aging, significantly
altered adipose derived mediators in a depot specific manner and that the magnitude and
directionality of these changes was influenced by the sex of the animal.

2. Materials and Methods
2.1. Animals

Twenty-four 6-, 26-, and 30- months (mo) old female (n=8/group) and twenty-four 6-, 30-, and
36- months old male (n=8/group), Fischer 344 × Brown Norway hybrid (FBN) rats were
obtained from National Institute on Aging, USA. Animal ages were chosen on the basis of
previous literature demonstrating that these ages corresponded roughly to humans in their third
(6mo rats), sixth (26/30mo rats; female/male, respectively) and eighth (30/36mo rats; female/
male, respectively) decade of life14. Animal care and procedures were conducted in accordance
with the Animal Use Review Board of Marshall University, using the criteria outlined by the
American Association of Laboratory Animal Care as proclaimed in the Animal Welfare Act.
Animals were fed with a standard laboratory diet and water ad libitum. Rats were kept under
standard conditions: temperature: 21.0±2.0°C, humidity: 55.0±5.0% with a 12:12 hr light/dark
cycle (07:00–19:00). After 2 weeks of acclimatization, the animals were anesthetized using
ketamine-xylazine (45:5 mg/kg i.p) and euthanized by exsanguinations via a cardiac puncture.
Care was taken that all the animals were sacrificed at the same time each day and the same day
each month. This was particularly important to synchronize cycle times in female rats. The
body (BW) and heart weights (HW) of each animal were recorded. The blood was collected
by heart puncture and immediately centrifuged to collect the plasma. The epicardial adipose
tissue (EF) and abdominal visceral adipose tissue (AF) (omental fat) was collected from each
animal and aliquoted for mRNA isolation in Tri-reagent (Sigma, St. Louis, MO) and stored
immediately in −80°C for future use.

2.2. Quantitative Real-Time Reverse Transcriptase Polymerase Chain Reaction (RT-qPCR)
After RNA extraction from the adipose tissue using Tri-reagent (100mg adipose tissue), real-
time PCR for various adipokines and macrophage markers was carried out using iQSYBR
Green Supermix (Bio-Rad, Hercules, CA), and the respective primers. The following primers
were used: Adiponectin (NM_009605): 5’-gcagagatggcactcctgga-3’, 3’-
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cccttcagctcctgtcattcc-5’. PPARγ (Peroxisome proliferators activated receptor γ)
(NM_013124): 5’-catttttcaagggtgccagt-3’, 3’-gaggccagcatggtgtagat-5’. IL-6 (NM_012589):
5’-gcccttcaggaacagctatg-3’, 3’-gtctcctctccggacttgtg-5’. PAI-1 (M33960): 5’-
cccacggagatggttttaga-3’, 3’-ccagttttgtcccaaaggaa-5’. CD68 (NM_001031638): 5’-
caaaaaggctgccactcttc-3’, 3’-gtgggagaaactgtggcatt-5’. MCP-1 (Monocyte chemotactic
protein-1) (AY920404): 5’-ttccttcttggggtcagcacagac-3’, 3’-actgaagccagctctctcttcctc-5’.
GAPDH was used as the housekeeping gene. GAPDH (BC145810): 5’-
tcggtgtgaacggatttggccgta-3’, 3’- atggactgtggtcatgagcccttc-5’.

qPCR was performed using the Bio-Rad MyiQ Real Time PCR system (Bio-Rad, Hercules,
CA). Results were calculated using the Pfaffl method (2−ΔΔCt) and expressed as “mean fold
change ±SEM (Standard Error of the mean)” in the experimental gene compared to the
housekeeping gene in each group15. The differences in gene expression were analyzed by the
levels of expression of any particular gene in aged and very aged rats compared to the younger
(6mo control) rats.

2.3. Determination of metabolic parameters in plasma
Blood was collected from all groups of rats (males and females). Isolated plasma was used for
the analysis of metabolic parameters such as circulating lipid profile (total cholesterol (TC)
and triglycerides (TG) and high density lipoprotein (HDL)) using the Cholestech LDX system
(Hayward, CA).

2.4. Enzyme-linked immunosorbent assay (ELISA) and Proteome profiler array for circulating
adipokines

Circulating levels of total adiponectin (ADPRT-E01, ALPCO, Salem, NH), TNFα (KRC3012)
(Invitrogen, Carlsbad, CA) and IL-6 (KL138035) (Thermo Scientific, Rockford, IL) were
measured using commercial ELISA kits. The levels of adipokines in each sample were
calculated using the standard curve generated for each assay during the ELISA analysis.

Circulating adipokines was also detected using a commercial adipokine array (ARY-013, R&D
systems, Minneapolis, MN) following the manufacturer’s protocol. The Proteome Profiler
Adipokine array detects 38 adipokines in duplicates that were captured on nitrocellulose
membranes. Following streptavidin-HRP and chemiluminescent detection the proteins bound
to each captured antibody was quantified using densitometry (Alpha-Innotech, Santa Clara,
CA). The results were calculated as the ratio of density obtained from 30mo/36mo rat samples
vs 6mo control and expressed as percent change in each adipokine. Significance was analyzed
by one-way ANOVA.

2.5. Histology of abdominal fat
AF tissues were fixed in 10% formaldehyde followed by dehydration and embedded in paraffin.
5 µm paraffin sections were stained with hemotoxylin & eosin (H&E). The adipocytes were
recognized and counted using ImageJ PC-based software (National Institute of Health, NIH
Version v1.32j). The adipocyte size in approximately five microscopic fields of view was
measured by calculating its Feret diameter (µm). The difference between the groups was
analyzed using one-way ANOVA followed by Bonferroni post-hoc test.

2.6. Statistics
For the RT-qPCR analysis, all statistics were performed at the level of ΔCt, in order to exclude
potential bias due to averaging of data transformed through the Pfaffl equation, 2−(ΔΔCt)16. The
differences in genes in each sex, between groups (young versus aged or very aged) were
determined by one-way ANOVA using the SPSS statistical package (Chicago, IL, USA). A
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probability value of less than 0.05 was considered statistically significant. Significance was
confirmed using post-hoc analysis using Bonferroni test.

3. Results
3.1. Aging mediated changes in body weight (BW) and heart weight (HW) in both sexes

Aging is accompanied by increasing changes in body mass and fat redistribution9. As shown
in Table 1, in the current study, the female FBN rats had increased body weight at ages 26mo
(p<0.001) and 30mo (p<0.001) compared to 6mo old rats. In male rats, there was a significant
increase in body weight at 30mo (p<0.005) old rats but only minimal increase in 36mo old rats
compared to 6mo old male rats.

We also observed changes in heart weight with aging. As shown in Table 1, the heart weight
was increased at 26mo (p<0.001) and 30mo (p<0.0005) compared to 6mo old rats. The heart
weight increased significantly in 30mo female rats compared to 26mo rats (18.4% (p<0.005)).
In male rats the heart weight increased by 50.9% (p<0.005) and 57.5% (p<0.01) at 30mo and
36mo respectively compared to 6mo old rats.

When the body weights and heart weights were compared between genders, the females had
lower weights compared to males at all age groups, −46.5% and −31.5% in 6mo old, −47.5%
and −39.9% in 26mo old and −28.9% and −31.8% in 30mo, in BW and HW respectively
compared to similar age groups in males.

3.2. Aging mediated changes in metabolic parameters in the plasma of both sexes
As shown in Table 1, there were no changes in total cholesterol levels between young (6mo),
aged (26/30mo) and very aged (30/36mo) rats, even though the levels were slightly higher in
males compared to females. A dramatically higher TG levels were seen only in 30mo female
(91.7% (p<0.005)) rats compared to 6mo rats. A higher HDL levels were observed in both
30mo female (p<0.01) and 36mo male (p<0.05) rats compared to 6mo control rats (Table 1).

3.3. Aging mediated changes in abundance of anti- and pro-inflammatory mediators in
abdominal fat of both sexes

Adipose tissue synthesizes and secretes several mediators with varying functions7. For the
purpose of this study only two anti- and pro-inflammatory adipokines were investigated.
Adiponectin is anti-inflammatory and has a beneficial role. Its levels are altered during obesity
and other disease conditions17. PPARγ is an important regulator of adiponectin levels in
abdominal visceral adipose tissue18. In our studies, there were no significant differences in the
abundance in adiponectin and PPARγ mRNA in AF in female rats at 26mo and 30mo compared
to 6mo old FBN rats (Fig. 1A). However, there was a dramatic down-regulation of adiponectin
(p<0.005) and PPARγ (p<0.05) in the abdominal fat obtained from 30mo old male rats (Fig.
1B), but then recovered to half of the baseline levels at a later age (36mo).

In obesity, there is also an increase in pro-inflammatory adipokines especially in abdominal
fat which results in altered lipid homeostasis19. Aging is accompanied with sustained
inflammation and therefore might result in pro-inflammatory changes in adipose tissue20. In
abdominal omental fat obtained from female FBN rats, there was a significant down-regulation
of IL-6 (p<0.05) but an up-regulation of PAI-1 (p<0.05) at 26mo rats, compared to 6mo
controls, Fig. 1C, but not much higher compared to baseline levels at 30 mo. There was no
significant variation in IL-6 and PAI-1 in the AF of male rats with aging (Fig. 1D) compared
to 6 mo rats, though there was a slight increase albeit not significant in IL-6 levels with aging.

Fei et al. Page 4

Atherosclerosis. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3.4. Aging alters anti- and pro-inflammatory adipose derived factors in epicardial fat of both
sexes

Adiponectin and PPARγ are both expressed in epicardial fat21. Adiponectin in EF is negatively
correlated to atherosclerosis22. In aging FBN rats, both adiponectin and PPARγ mRNA levels
were found decreased in female EF. As shown in Fig. 2A, in epicardial fat of 26mo old female
rats, the mRNA levels of adiponectin and PPARγ (p<0.01) declined significantly, compared
to 6mo old rats. At 30mo the levels of these genes were even more dramatically down-regulated
compared to 6mo old female rats (p<0.005). In contrast, in male rats, there were fewer changes
in levels of adipose derived factors in epicardial fat. As shown in Fig. 2B, there was a slight
increase in the levels of adiponectin and PPARγ at both 30mo and 36mo compared to 6mo old
FBN rats, but did not reach significance.

The effect of aging on epicardial fat pro-inflammatory genes is not known. Our results show
that the expression of IL-6 and PAI-1 were significantly down-regulated in the epicardial fat
obtained from both 26mo and 30mo female FBN rats compared to 6mo old rats (Fig. 2C). In
males, there was a significant up-regulation of IL-6 in 30mo (p<0.01) and 36mo (p<0.005)
male rats however, the mRNA level of PAI-1 was not altered significantly in the EF with aging
compared to 6mo old rats (Fig. 2D).

3.5. Aging alters circulating adipokines in both sexes
Circulating adipokines, such as adiponectin, TNFα and IL-6 were measured using ELISA in
the plasma samples obtained from each group of rats. As seen in Table 1, the circulating levels
of total adiponectin was approximately 34.7% (p<0.01) higher in 26mo and 24.1% higher in
30mo rats compared to 6mo female FBN rats. A similar increase in circulating adiponectin
levels was also observed in male rats, with 7.92% (p<0.01) increase in 30mo and 53.1%
(p<0.005), increase in 36 mo rats compared to 6mo old FBN rats. The circulating levels of
TNFα and IL-6 were below the detection limit of the ELISA kit (data not shown).

An alternate technique, the Proteome Profiler Adipokine array from R&D systems was used
to detect 38 different circulating adipokines. As shown in Fig. 3A and B, both female and male
aged rats exhibited a trend towards lower levels of circulating adipokines. Similar to that
observed in the ELISA assays, the levels of TNFα (C7), IL-6 (E1) and PAI-1 (D11) were
undetectable in the array.

3.6. Sex differences in adipose derived mediators with aging
Our results clearly indicated that aging alters adipose derived mediators in both sexes.
However, we also found that these aging mediated changes are different between the two sexes.
In abdominal fat the levels of these genes were found to be higher with aging in female rats
compared to males of similar age (Fig. 4A). In contrast, aging had more profound effect on the
epicardial fat derived mediators in female rats compared to male rats. There were higher levels
of adiponectin, PPARγ, IL-6 (p<0.005) and PAI-1 (p< 0.005) in the epicardial fat at the younger
aged (6mo old) female FBN rats, compared to 6 mo old male rats. However, the levels of these
genes continued to decrease with aging until a significant decline in very aged group in female
rats, compared to males (Fig. 4B). This decline in the levels of adipokines in the EF might
suggest an altered function in female rats compared to male rats with aging.

3.7. Age induced differences in macrophage markers
Macrophage infiltration alters adipose tissue function 23 24. To investigate if macrophage
contributed to the age mediated differences in adipokines, the mRNA levels of both the surface
and secretary markers of macrophages, CD68 and MCP-1 were analyzed in the EF and AF
using RT-qPCR. As shown in Fig. 5A, both the macrophage markers increased with aging, in
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female AF, but MCP-1 was altered significantly however, no significant variations in the levels
of these markers were observed with aging in male AF. In contrast, as shown in Fig. 5B, aging
significantly decreased macrophage markers in both 26 and 30mo female EF, again, MCP-1
was decreased significantly. Similar decline in macrophage markers was also observed in male
EF.

3.8. Aging alters adipocyte size and number
To determine if the differences in the mRNA and circulating levels of adipokines with aging
is due to altered adipocyte morphology, we performed histology followed by H&E staining of
abdominal fat obtained from all age groups of rats. As shown in Fig. 6A and B, aging
significantly increased adipocyte size in AF, especially in the middle age. Although younger
(6mo) male rats had significantly larger adipocyte size than female, this difference was reversed
with advanced aging (Fig. 6C). Due to very low tissue availability, histology was not performed
on EF.

4. Discussion
Risk to cardiovascular disease differs between men and women2. Aging is one of the major
independent risk factor for CVD4. There is increased fat redistribution during aging which is
more pronounced in women than men9. Whether these differences in fat distribution between
the two sexes play a role in susceptibility to CVD is not clear. Recently, the importance of
epicardial fat in the pathology of CVD has been recognized12, 25.

Our findings indicated that there are sex differences in the abundance of epicardial and visceral
abdominal fat derived factors with aging. Compared to younger animals, aging in the female
FBN rats had decreased epicardial fat expression of adiponectin, PPARγ, IL-6 and PAI-1.
Conversely, in the male FBN rats the expression of these genes remained unchanged or
moderately increased with aging. In addition to these sex-related differences, the regulation of
adipokine expression pattern appeared to differ markedly within animals with aging and
between the two fat depots. For example, in female animals, the epicardial fat expression of
adiponectin and PPARγ diminished with aging while conversely, the levels of these genes
remained either unchanged or increased with age in the abdominal fat depot. It is thought that
adiponectin is regulated transcriptionally at least in part by PPARγ expression18. Our findings
of an age-related decrease in the levels of PPARγ mRNA in the EF of female rats but not in
aging male rats support the observed lower levels of adiponectin mRNA in the EF of female
rats. In contrast to the tissue levels, there was actually an increase in circulating levels of
adiponectin in female rats. This phenomenon has been observed in aging humans. This increase
in circulating adiponectin with aging might be due to compromised kidney function and/or
differences in androgen levels26.

The abnormal adiposity associated increase in pro-inflammatory mediators has been attributed
to an increase in macrophage infiltration into adipose tissue in obese animals and humans19.
However, the adipocytes along with inflammatory cells such as macrophages can by
themselves initiate inflammatory processes during aging27. An increased expression of IL-6
in epicardial fat compared to other adipose tissues has been observed in patients with coronary
artery disease and other vascular disorders25. However, in our study, even though the male rats
had higher IL-6 levels, the aged female rats exhibited decreased epicardial IL-6 and PAI-1
expression. We also found non-detectable levels of circulating TNFα, IL-6, and PAI-1 and the
Proteome adipokine array also showed a trend towards lower levels of circulating adipokines
with aging in both sexes. This might suggest that during normal aging process, both the fat
depots might probably be mediating its physiological functions through a paracrine/autocrine
manner rather than having a systemic effect.
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Our data show that in females there was a decrease in both the pro- and anti-inflammatory
mediators with aging in EF, compared to males. This decrease in pro-inflammatory factors in
EF with aging might be a protective mechanism; however, a simultaneous decrease in anti-
inflammatory factors will actually have a counter-effect. A loss of both these factors might
suggest a loss of EF function with aging, which was more prominent in female than in male
rats. Since, EF has an immediate paracrine effect on cardiac and coronary function, a loss of
function in this fat might increase risk for CVD. Change in epicardial fat function is also a
reflection of changes in abdominal visceral fat and is a predictor of CVD25.

The loss of pro-inflammatory genes in EF was accompanied by lower expression of markers
of macrophage infiltration such as CD68 and MCP-1. The same phenomenon was also observed
in aged male EF even though the levels of CD68 and MCP-1 were much lower. On the contrary,
there was an increase in the macrophage markers in AF in female rats with aging but no change
in male rats. This suggests a pathological role for adipose infiltrated macrophages during aging
process.

The reason for differences in epicardial fat adipokines between the two sexes with aging or
between the two fat depots is currently only speculative. One of the reasons might be the
differences in body weight with aging between male and female rats9. Our results indicated an
increase in body weight and adipocyte size with aging in both the sexes. However, a comparison
between the two sexes showed that the females had lower body weight. Secondly, the
preadipocyte composition of the fat tissue is thought to strongly influence its function.
Preadipocytes isolated from young and old rats are different, with the adipocytes from older
rats exhibiting a lower capacity for lipid accumulation, lipogenic enzyme activities, and
changes in differentiation-dependent gene expression with aging28. The loss of preadipocyte
function with aging might contribute to the progressive exhaustion of release of adipose derived
factors from EF. Whether sex differences in preadipocyte composition contributed to the
changes observed in our study is yet to be established. We however, did find differences in the
size and number of adipocytes in the visceral abdominal fat between young and aging rats in
both sexes. There were remarkable differences in size and number of the adipocytes between
male and female rats at 6 mos. The size of the adipocyte increased with aging in both sexes.

Even though this study does not include any co-morbidity other than aging or perform any
interventions, the knowledge that the normal aging process itself can alter epicardial fat
function is an important finding. The reason(s) for differences in adipokines with aging, sex
and between fat depots are not clear. Also whether these changes in expression of adipose
derived factors have physiological implications will require further experimentation. However,
taken together our data suggest that the regulation of adipose derived factors may be much
more complex than previously thought. Whether these changes are acting alone, or in concert
with other factors, will help explain the observed differences in risk to metabolic syndrome
and CVD between the two sexes.
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Figure 1. Changes in adipokine mRNA levels in abdominal fat (AF) with age
Age mediated changes in mRNA levels of adipokines in AF were analyzed using RT-qPCR
and expressed as fold change ± SEM of the gene expression in 26/30mo female rats and
30/36mo male rats compared to 6 mo rats in each gender (n=8). 1A: adiponectin and PPARγ
- female AF; 1B: adiponectin and PPARγ – male AF; 1C: IL-6 and PAI-1 – female AF; 1D:
IL-6 and PAI-1 –male AF. One-way ANOVA followed by Bonferroni was performed on all
samples. p<0.05 were accepted as significant. *: p< 0.05; **: p< 0.01, ***: p< 0.005.
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Figure 2. Changes in mRNA levels of adipokines in epicardial fat (EF) with age
Age mediated changes in mRNA levels of epicardial fat (EF) adiponectin, PPARγ, IL-6 and
PAI-1 were expressed as fold change ± SEM, of the gene expression in 26/30mo female rats
and 30/36 male FBN rats compared to 6mo younger rats in each gender (n=8). 2A: adiponectin
and PPARγ – female EF; 2B: adiponectin and PPARγ – male EF; 2C: IL-6 and PAI-1 – female
EF; 2D: IL-6 and PAI-1 – male EF. One-way ANOVA followed by Bonferroni test was
performed on all samples. p<0.05 were accepted as significant. *: p< 0.05; **: p< 0.01, ***:
p< 0.005.
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Figure 3. Aging mediated changes in circulating adipokines in both sexes
Circulating adipokine levels were measured in the plasma of both female and male rats at 6mo
and 30/36mo (n=3/gp) using the Proteome Adipokine array. The levels of each adipokine was
quantified after densitometry and expressed as the percentage (%) of the ratio of each adipokine
in aged rat to 6mo rat. 3A: % change in circulating adipokines in female rats; 3B: % change
in circulating adipokines in male rats.
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Figure 4. Influence of sex in the differences in AF and EF derived mediators with aging
Sex differences in abundance of adipose mediators, adiponectin, PPARγ, IL-6 and PAI-1 were
expressed as fold change ± SEM of the gene expression in each age group (6mo, 26/30mo and
30/36mo) between male and female FBN rats. Male rats from each age group was used as
controls (n=8). 4A: Sex differences in mRNA levels in AF; 4B: Sex differences in mRNA levels
in EF. *: p< 0.05; ***: p< 0.005.
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Figure 5. Aging mediated changes in macrophage markers in EF and AF
Aging mediated changes in mRNA levels of macrophage markers, CD68 and MCP-1were
detected using RT-qPCR in both AF and EF. Results were expressed as fold change ± SEM of
each gene in 26/30mo female rats and 30/36 male FBN rats compared to 6mo younger rats
(n=8). 5A: macrophage markers in AF of aged female and male rats; 5B: macrophage markers
in EF of aged female and male rats. *: p< 0.05.
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Figure 6. Aging mediated changes in adipocyte size and number in abdominal fat (AF) of both sexes
H&E staining of paraffin sections of AF from both sexes (n=3/gp) were performed to quantify
the size and number of adipocytes using Image J. 6A: Adipocytes from female 6mo, 26mo and
30 mo rats; 6B: Adipocytes from male 6mo, 30mo and 36 mo rats; 6C: One-way ANOVA
analysis performed on the data obtained after Image J analysis. *: p< 0.05, old vs young in the
same sex; #: p< 0.05, male vs female.
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